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INTRODUCTION

The biological activity of ecosystems is determined by the microbial components that
establish the balance between organic and inorganic substances and between living and non-
living matter. Flowing waters represent a particular environment from a microbiological point
of view, because their microbial composition undergoes major changes from the springs to the
confluence of the river with other flowing waters or with the river-sea system. The microbial
content of the waters is influenced by the hydrographic basin, the contribution of tributaries,
the physico-chemical and climatic conditions and, in particular, by the anthropogenic impact.

Water quality is essential for all life on Earth, having a major impact on human
communities. Throughout history, human communities have developed in the vicinity of water
reserves (flowing waters, lakes, seas, oceans), using water resources for various activities,
which has led to an increase in anthropogenic impact on water quality. Residue pollution
resulting from industrial, agricultural, recreational or other human activities leads to
significant changes in the chemical composition and physicochemical characteristics of water.
They influence the community of microorganisms in the anthropized aquatic ecosystem,
having direct effects on biogeochemical cycles.

There is currently no universally accepted system for classifying water as polluted or
unpolluted. There are regulatory systems that classify water into several quality classes,
allowing the use of water in certain types of activities. In this study, the investigated water
samples were classified into the categories of polluted or unpolluted water, in relation to the
values of the physicochemical and microbiological parameters established for the quality of
drinking water supplied to socio-economic systems (APHA standard, 1998; Lazar et al., 2014;
Bernasconi et al., 2003; Janelidze et al., 2011) in the investigated area.

The microbiological diversity of an aquatic ecosystem is essential for its functioning
in terms of the flow of matter, energy, information, and biogeochemical cycles (Azam et al.,
1983). At the same time, the physicochemical changes of the ecosystem are reflected in its
microbiological activity.

Taking into account the fact that water reserves are fundamental for daily human
activities, and the knowledge of their (micro)biological and chemical structure is of particular
importance for assessing its quality, joint studies on the chemical and microbiological
composition of waters are essential for characterizing their quality.

The term or notion of pollution, with linguistic meaning as the transformation of a

normal environment into a harmful one as a result of the presence of chemical or biological
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agents, is based on arbitrary human perceptions depending on a certain degree of tolerance of
the modification. A suggestive definition of this notion can be considered the one proposed by
Lynn Margulis who shows that "pollution is a mixture of ignorance and arrogance on the part
of'a being who has defined himself as Homo sapiens and superior to other beings, towards the
environment". The term has entered the current language of political decision-makers, which
has led to an increased interest in research in this field lately.

In this doctoral thesis, two sectors of the Pasarea River (Dimieni Bridge and Tunari
Dam) located in the vicinity of economic units essential for carrying out daily activities, but
also of a highly developed human community, with a significant anthropogenic impact, were
investigated. The present study was mainly oriented towards the investigation of the
undeveloped sector of the Pasdrea River, between the Dimieni bridge and the Tunari dam,
areas also established as sampling points in the area of Tunari, in lIfov County, located in the
vicinity of economic agents of national importance, but also of some residential complexes
built in the last period of time.

The investigations carried out during four seasons came in continuation of a study
carried out previously, at the request of the National Administration of Romanian Waters, on
the high fish mortality in this sector and contributed to the scientific substantiation of the
negative ecological phenomenon recorded. The studies of this research were oriented towards
highlighting the chemical composition of the water sector, the physicochemical parameters
that can define it and the microbial communities that develop in the water of this river, as well
as some of their extracellular metabolites with potential in the biological modeling of the
quality of the Pasdrea River, in the context of downstream arrangements for fish farms that
deliver the products to the consumer market.

This doctoral thesis is structured in two parts, the first part includes geographical and
economic data about the ecosystem of the Pasarea River and the adjacent areas, the wastewater
captured by the Pasdrea River. The next chapter focuses on data on the main factors
influencing the dynamics of aquatic ecosystems, mainly rivers/flowing waters and the role of
microorganisms in the biogeochemical cycles of carbon, nitrogen and sulfur and the role of
extracellular enzymes within them. The third chapter addresses the pollution of aquatic
ecosystems from a microbiological point of view. The original contributions are described in
the following 5 chapters, starting with the purpose and objectives of this thesis, followed by
the description of the materials and methods and of the 4 studies that founded the present
research, in which the characterization of the physicochemical parameters, the role of

microorganisms involved in the biogeochemical cycles of the Pasarea River, isolation and
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morphofunctional characterization of microorganisms from the Pasdrea River and the impact
of pollution on groups of microorganisms from the Pasarea River. At the end, the conclusions
and perspectives are presented, the paper being accompanied by an appendix with figures, the

bibliography and the list of papers/articles in which the results of this paper were disseminated.



I. BIOGEOGRAPHIC AND BIOECONOMIC DATA OF THE PASAREA RIVER
ECOSYSTEM

I.1. The Pasirea River and its inclusion in the Bucharest — Illfov plain
hydrographic basin

The Pasarea River, a tributary of the Dambovita River, springs from the Otopeni Forest
and crosses the localities of Tunari, Afumati, Ganeasa, Branesti and Fundeni, before flowing
into the Dambovita (Cocos, 2006). With an average annual flow below 1 m?3/s, a dam (Tunari
IT) was set up to regulate the flow and prevent flooding. The river has a tributary, Sindrilita,

and drains an area of 254 km? (Cocos, 20006).

I.3. Demographic and economic aspects in the Pasarea river basin as potential sources
of pollution

The communes crossed by the Pasarea River have populations ranging between 6,300
(Tunari) and 9,400 (Branesti) inhabitants (County Plan for Risk Analysis and Coverage, Ilfov
County Committee for Emergency Situations, 2021). Tunari commune is located near Henri
Coanda International Airport, and Ilfov County is industrialized with economic agents active
in various fields (Cepoiu, 2007). Human activities directly or indirectly influence the course
and quality of water, negatively impacting the health of the aquatic ecosystem of the Pasarea
River, according to the Research Report no. 471/27/02.2019 of the Institute of Biology in
Bucharest, within the Romanian Academy, carried out at the request of the National
Administration "Apele Romane", the Arges Vedere Water Basin Administration and the Ilfov-
Bucharest Water Management System. The Pasdrea River was classified as grade IV for
ammonium ion, and the Moara Domneasca Lake showed high values of ammonium and
nitrates, indicating severe eutrophication and the presence of pesticides (Research Report no.

471/27/02.2019, Institute of Biology in Bucharest, Romanian Academy; Sandu et al., 2023).



II. STRUCTURE AND DYNAMICS OF MICROORGANISMS IN AQUATIC
ECOSYSTEMS

I1.1. General aspects of aquatic environments

Aquatic environments, including fresh and salt waters, are complex and varied
ecosystems, where water facilitates the circulation of nutrients and essential gases, supporting
a diversity of microorganisms that contribute to biogeochemical cycles. Microorganisms play
an essential role in the primary production and recycling of nutrients, influenced by factors
such as temperature, pH and dissolved oxygen, which determine their adaptation and
dynamics. The bacterial populations in these ecosystems are highly dynamic, responding
quickly to seasonal changes and the availability of essential resources such as carbon,
nitrogen, and phosphorus (Madigan et al., 2014). Microorganisms in aquatic environments
play a crucial role in biogeochemical cycles, actively participating in processes such as
photosynthesis, nitrogen fixation, organic matter breakdown, and nutrient recycling. (Lazar et

al., 2016).
I1.2. Ecological (physico-chemical) factors influencing bacterioplankton

I1.2.1 Lumina
The intensity and duration of light directly influences their productivity, while UV
light can negatively affect bacteria through DNA damage. In deep areas, where light penetrates

less, heterotrophic bacteria predominate, adapted to dark conditions (Pommier et al., 2007).

I1.2.2 Temperature
Water temperature influences the metabolic rate and breakdown activity of planktonic
bacteria, with extreme temperatures that can inhibit their activity and alter the structure of

bacterial communities, from psychrophilic to mesophilic (Kirchman et al., 2008).

I1.2.3 Turbidity

Turbidity, influenced by suspended sestoon, affects aquatic microorganisms by
modulating sedimentation, and in oligotrophic environments such as lakes and rivers, the
amount of seston is generally low (Riigner, 2013). Turbidity influences the penetration of light
into the water, affecting the depth of photosynthesis for microorganisms and, through
suspended organic particles, provides support for the adhesion of microorganisms, facilitating

the movement and degradation of organic matter (Rusanescu, 2011; Ardelean, 2012).
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11.2.4 Dissolved gases and pH value

Dissolved gases, such as CO2, O2 and N2, play a crucial role in aquatic ecosystems,
supporting essential processes such as photosynthesis, respiration and biochemical cycles
(David Sigee, 2005). CO2 comes from the atmosphere and the respiration of organisms, being

indispensable for photosynthesis, respiration and aerobic bacteria.

pH is another crucial physicochemical factor that affects bacterioplankton. Most
aquatic bacteria prefer a pH-neutral or slightly alkaline environment. pH changes can directly
affect the structure of bacterial cell membranes and enzymatic functions, thus influencing the
growth and survival of bacteria (Rappé and Giovannoni, 2003). In acidic aquatic
environments, certain acidophilic bacterial species may become dominant, while in alkaline

environments, alkalophilic species are better adapted (Zwart et al., 2002).

I1.2.5 Tonic composition

Salinity and ionic composition differentiate freshwater and marine aquatic
environments, determining the types of microorganisms that can populate them, although few
species can survive in both (Zarnea et al., 1994; Enache et al., 2004). Oceanic waters have an
average salinity of 3.5%, and extreme values, as in the Dead Sea, can reach 340 g/l of salts
(Zarnea et al., 1994). Salinity variability influences the activity and diversity of bacteria, with
halophilic bacteria preferring high salinity, while freshwater bacteria prefer low salinity; rapid
changes can cause osmotic stress (Enache et al., 2007; Logares et al., 2009) and affects

bacterial interactions, such as competition and symbiosis (Mou et al., 2008).

I1.2.6 Currents and flow velocity

The currents in water basins significantly influence the microbiota, facilitating the
transport of nutrients, the uniform distribution of microorganisms and the oxygenation of the
deep layers, essential for ecological development. They occur in both flowing and standing
waters, being generated by factors such as gravity and differences in temperature and level

(Mihaescu, 2000; Zarnea, 1994).

I1.3 Microorganisms in rivers

The microbiota of flowing waters includes a variety of bacteria, fungi, protozoa and
viruses, essential for ecological balance through nutrient cycling, the decomposition of
organic matter and the elimination of pollutants. Factors such as temperature, pH, and oxygen

influence their diversity, and anthropogenic activities can disrupt this balance (Ruiz-Gonzalez
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et al., 2015; Hossain et al., 2021). Genera of bacteria such as Pseudomonas, Bacillus,
Escherichia, Microcystis, Clostridium, Acinetobacter and Vibrio play specific roles in the
processes of decomposition, bioremediation and maintenance of water quality. Monitoring
these bacterial communities is crucial for protecting public health and sustainable water

management (Pepper & Gerba, 2015; Towner, 2009).

I1.4 The role of microorganisms in the functioning of ecosystems

Microorganisms, essential for ecological balance, support the vital processes of
ecosystems through the nutrient cycle and the decomposition of organic matter (Zarnea, 1994;
Lazar et al., 2016). Flowing waters exhibit dynamic microbial diversity, influenced by
physicochemical factors, the river basin, and anthropogenic impacts, such as industrial and
agricultural discharges (Krause et al., 2022; Sinton et al., 1993). The growth of
microorganisms depends on the nutrients in the water, and under conditions of organic
pollution, microbial populations can accelerate ecological processes, affecting the
biogeochemical balance (Lazér et al., 2017). Metabolically adaptable and versatile bacteria
use various substrates, contributing to nutrient recycling and maintaining ecosystem stability

(Coyte et al., 2015; Omelon, 2016).

I1.4.1 Biogeochemical Carbon Circuit (C)

Carbon, an essential element of organic and inorganic matter, is fixed from the
atmosphere by autotrophic microorganisms through photosynthesis, transforming into organic
compounds that support biomass and, through respiration and decomposition, is released into
the atmosphere, ensuring the balance of the carbon cycle between the biosphere, atmosphere,

hydrosphere and lithosphere (Zarnea, 1984; Ardelean, 2011; Lazar et al., 2017).

11.4.2. Biogeochemical circuit of nitrogen (N)

Nitrogen, essential for the synthesis of proteins and nucleic acids, is transformed from
its atmospheric form (N:) into forms accessible to organisms through fixation processes
carried out by symbiotic microorganisms, such as Rhizobium, followed by ammonification,
nitrification and denitrification, which maintain the nitrogen balance in soil and aquatic

ecosystems (Ardelean, 2012; McCabe, 2011; Krause et al., 2022;).

11.4.3. Biogeochemical circuit of sulphur (S)
Sulphur, essential for life, circulates in nature through microbial processes of

mineralisation, oxidation and reduction, transforming between organic and inorganic forms;
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bacteria break down organic compounds, oxidize sulfur to sulfates, and reduce sulfates to

hydrogen sulfide, maintaining ecological balance and supporting nutrient recycling (Azam et

al., 1983; Lazar et al., 2017).

IL.5. Extracellular microbial enzymes

Bacterial extracellular enzymes, regulated by environmental conditions, play an
essential role in the decomposition of organic matter, mineralization of nutrients and
detoxification of pollutants in aquatic ecosystems, and their activity is used as an indicator of

water quality and the impact of pollution (Ruginescu et al., 2020; Cojocaru et al., 2007).
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III. MICROBIOLOGICAL ASPECTS OF POLLUTION OF AQUATIC
ECOSYSTEMS

Water quality monitoring, based on physical, chemical, biological and microbiological
assessments, provides essential data for managing aquatic resources and assessing the impact
of human activities (Fey et al., 2004; Straub and Chandler, 2003). Sources of pollution range
from agricultural runoff with pesticides and fertilizers to industrial and urban discharges, each
contributing to the accumulation of heavy metals, organic pollutants, and microplastics (Liu
et al., 2024). These processes are also influenced by climate change, which redistributes
pollutants through flooding and increased rainfall (Thanigaivel et al., 2023). Overall, the
assessment and classification of water pollution types are essential for maintaining water

quality and protecting public health (Enache et al., 2017).
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PURPOSE AND OBJECTIVES OF THE THESIS

The purpose of this doctoral thesis was to evaluate the degree of pollution of the
Pasarea River by analyzing the spatio-temporal variability of the physicochemical
characteristics, the chemical and microbiological composition monitored in two sectors of this

river, namely the Tunari Dam and the Dimieni Bridge, during four seasons.
The main objectives of this doctoral thesis were:

1. In situ determination of the physicochemical parameters of the water samples
collected from the Tunari Dam and the Dimieni Bridge during four consecutive
seasons

2. Identification of seasonal variation in the chemical composition of water samples at
the two sampling points by XRF (X-ray fluorescence spectrometer) analysis

3. Determination of the microbiological profile of the water samples collected at the
Tunari Dam and the Dimieni Bridge over the four seasons, of the main groups of
microorganisms involved in the circuits of carbon (heterotrophic microorganisms),
sulfur (sulfate-reducing bacteria), nitrogen (ammoniating bacteria, nitrite-bacteria,
nitrate-bacteria, denitrifying bacteria) and pollution indicator groups (total coliform
bacteria, fecal coliform bacteria, fecal streptococci)

4. Isolation and taxonomic identification based on the sequence of the 16S rRNA gene of
some bacterial strains from the Pasarea River

5. Functional characterization of isolated bacterial strains in order to evaluate their ability
to synthesize enzymes with macromolecule degradation potential from the complex
chemical composition of the polluted aquatic ecosystem

6. Evaluation of the degree of chemical and microbiological pollution of the Pasarea

River
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IV. MATERIALS AND METHODS

IV.1 Study areas and sampling

The analyzed water samples were taken from the Pasarea River, in the area of Tunari
locality, IlIfov County, from two sampling points, namely the Dimieni Bridge (4405524.9"N,
27014'34.4"E) and the Tunari Dam (44054'73.7"N, 26016"23.0"E).

The samples were carried out seasonally, in the summer (July), autumn (November),
winter (February) in 2020 and spring (April) in 2021. Water samples were collected in 500 ml
sterile clear glass containers and stored at a temperature of 4°C during transport to the

laboratory for analysis.

IV.2. Determination of the physico-chemical parameters of water

The depth and transparency of the water at the sampling points were determined using
the Secchi disc (Hach, USA).

The physicochemical parameters of the water were measured in sifu, at each sampling
point on the Pasdrea River, using the multiparameter HI 9828 (Hanna Instruments) for the
determination of turbidity values (NTU), oxidation-reducing potential - ORP (mV), oxygen
saturation-OD (%), water salinity (PSU), suspended solids/total dissolved solids - TDS (ppm),
conductivity (uS/cm), total dissolved oxygen (mg O2/L), water temperature (°C) and pH value.

The chemical composition of the water samples was determined based on a semi-
quantitative method by XRF (X-ray fluorescence spectrometry) analysis using the ZSX100e
Supermini XRF spectrometer (Rigaku Corporation, Japan) (Neagu et al., 2014; 2021).

IV.3. Statistical analyses
The statistical processing of the physicochemical data was carried out with the help of
the student t-test. The graphical representation was made using the GraphPad Prism5

(https://www.graphpad.com/) program.

IV.4 Highlighting microorganisms involved in biogeochemical cycles

The determination of bacteria involved in the biogeochemical circuits of carbon, sulfur
and nitrogen such as (aerobic heterotrophic microorganisms, sulfate-reducing bacteria,
ammonifier bacteria, nitrifying bacteria, nitrifying bacteria and denitrifying bacteria) as well
as pollution indicator bacteria (fecal coliform bacteria, total coliforms and fecal streptococci)
was achieved by cultivation on specific selective media, solid or liquid (nutrient broth medium

solid, Postgate, WanNiell, Pochon, nitrate agar medium, denitrifying medium, Levine
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agarized, sodium azide medium) from samples and their decimal dilutions. The substances
and reagents used came from the companies Sigma-Aldrich (Germany) and Merck

(Germany). (APHA standard, 1998; Lucaci et al., 2019; Neagu et al., 2021).

IV. 6. Gram staining

Gram staining (Helebian et al., 1981; Lucaci et al., 2019) of the obtained strains was
performed on the resulting cultures using the kit from Sigma-Aldrich and Merck, Germany.
To confirm the results of the Gram staining, the Kovacki test was additionally used, which

consists of applying a solution with 3% KOH. (Lucaci et al., 2019; Azhar et al., 2014).
IV.7. Determination of enzymatic activities

IV.7.1. Catalase and oxidase

The production of catalase was evidenced using the Catalase Assay Kit from Merck,
Germany, based on the reaction of a bacterial culture in the liquid medium to the 3% oxygen
peroxide (H202) solution. (Steel, 1961; Azhar et al., 2014).

The oxidase test is based on the oxidation of phenylenediamine to indophenol in the
presence of cytochrome - oxidase from bacterial culture, in liquid media, using the Oxidase

Bactident kit from Merck, Germany (Steel, 1961; Shields et al., 2010).

IV.7.2. Hydrolactic activities

Qualitative and semi-quantitative determinations of hydrolactic enzymatic activities
(amylases, proteases, cellulases, esterases and gelatinases) for isolated bacterial strains were
performed by the method of culture in plate or liquid medium (to highlight the presence of
gelatinase) (APHA standard, 1998; Lazarus et al., 2014;) using specific culture media (Table
IV.2) containing the subtract corresponding to the type of hydrolase investigated,
subsequently incubated at 28° C for 48 hours (APHA Standard, 1998; Lazar et al., 2014;).

The results were expressed qualitatively (presence of activity) based on the occurrence
of a substrate lysis halo in the solid culture medium, and semi-quantitatively as enzyme
activity levels (LEA) based on the diameter of the hydrolysis zone (in millimeters), from
which the diameter of the culture spot was subtracted. (Enache et al., 1999; Ruginescu et al.,

2020).

IV.8. Extractia ADN genomic, amplificarea PCR si secventierea genei 16S ARNr
Un numar de 20 de tulpini bacteriene au fost selectate in vederea identificarii la nivel

de gen/specie prin metode moleculare. Acestea au implicat: extractia ADN-ului genomic,

17



amplificarea in vitro prin tehnica PCR a genei ce codifica pentru ARNr 16S, secventializarea
ampliconilor, secventele ADN au fost analizate raportat la cele din bazele de date NCBI

folosind algoritmul BLASTN (BLAST: Basic Local Alignment Search Tool).

Arborii filogenetici au fost construiti utilizand programul MEGA X, aplicat asupra
alinierilor multiple obtinute utilizand algoritmul CLUSTALW (https: / www .megasoftware

.net).

IV.10 Assessment of water pollution

The evaluation of the degree of physico-chemical pollution was carried out based on
the pH values, the concentration of dissolved oxygen (DO) and the percentage oxygen content
(DO%) of the water, in accordance with the provisions of Order 161/2006 issued by the
Ministry of Environment and Water Management.

The degree of organic pollution with heterotrophic microorganisms, ammoniatory,
sulfate-reducing bacteria, denitrifying bacteria and fecal pollution with total coliforms and
fecal coliforms, determined in this study, was evaluated according to the microbial
concentration of different types of microorganisms, falling into 5 pollution classes according
to the increasing ranges of their water content (Kohl, 1975; Lazar et al., 2015; Ardelean et al.,

2011; EU-Expert 2000/60/EC).
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V. DETERMINATION OF THE SEASONAL VARIATION OF THE
PHYSICOCHEMICAL PARAMETERS AND THE CHEMICAL COMPOSITION OF
THE PASAREA RIVER

V.1. Physicochemical parameters of the Pasarea River

The Pasarea River is a dynamic ecosystem characterized by physicochemical
parameters that fluctuate seasonally, depending on atmospheric conditions, such as
precipitation and solar radiation intensity, as well as anthropogenic impact (Ojovan, Podosu
et al., 2021). These parameters were monitored over the four seasons (in two sampling points,
respectively the Dimieni Bridge and the Tunari Dam).

Bridge Dimieni

The seasonal variation of the physicochemical parameters of the water, recorded at the
Dimieni Bridge sampling point of the Pasarea River, in the four seasons (Table V.1), indicated

an alternation of their values both dependent and independent of the anthropogenic impact.

Table V.1. The seasonal variation of the physicochemical parameters of the water recorded
at the Dimieni Bridge sampling point of the Pasarea river in the four seasons (average
values).

DIMIENI BRIDGE
Phyzico-chemical Annual average
parameters value (£ standard
2020 2021 deviation)
Season (month) Summer Autumn Winter Spring
(July) (November) (February) (April)
Temperature (°C) 28,6 11 6,7 10,4 14.2+9.8
pH 8,4 8,2 6,8 7,4 7.7+0.7
Solide in
suspensie/ TDS
(ppm) 345 510 468 396 429,75+ 73,5
Conductivity
(uS/cm) 691 1023 936 792 860,5 + 147,7
ORP (mV) 52,8 -293 43,4 -70 -66.7 + 160
DO (mg O2/L) 4,7 0 0 13,5 454 +6.3
OD (%) 62,2 0 0 83,5 36.42 +42.9
Turbidity (NTU) 16,7 36,6 29,3 22 26.1+8.6
Transparency
(cm) 30 30 40 40 35+5 AM
Salinity (PSU) 0,3 0,51 0,4 0,4 04+0

In the area of the Dimieni bridge, seasonal measurements of water quality revealed

notable variations, pH values ranged from 6.82 in winter to 8.44 in summer, indicating a
slightly alkaline environment. The concentrations of dissolved solids were higher than in other

rivers in Romania and showed an average of 429.7 ppm, reflecting the contribution of
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exogenous organic matter. The electrical conductivity of the water recorded high values,
suggesting a significant degree of mineralization, especially in autumn (1023 pS/cm).
Dissolved oxygen values were 0 mg/L in autumn and winter, indicating anoxia and organic
pollution, and transparency decreased in warm seasons due to sediment and algae loading.
The salinity remained low, specific to fresh waters, similar to other rivers in Romania.
Tunari Dam

In the case of water samples collected from the Tunari dam, the values of the
physicochemical parameters also indicated seasonal variations (Table V.2).

Table V.2. Seasonal variation (average values) of the physicochemical parameters recorded
at the Tunari Dam sampling point of the Pasdrea River in the four seasons

TUNARI DAM
Phyzico-chemical parameters Average annual value
2020 2021 (x standard deviation)

Season (month) Summer | Autumn Winter Spring

(July) (November) (February) (April)
Temperature (°C) 28,6 11,6 3,8 12,5 14.1+10.4
pH 8,2 9,1 9,5 8,9 8.9+05
Solide in suspensie/ TDS 354 385 454 445 409.5 + 48
(PPM)
Conductivity (uS/cm) 707 771 909 890 819.2 £ 96.5
ORP (mV) 12,8 -92 -66,7 35 -27.7£61
DO (mg O2/L) 18 2,8 1,2 8,6 3.6+3.3
OD (%) 23 25 9,2 70,6 31.9+26.7
Turbidity (NTU) 6,8 215 16 25,5 17.4+8.0
Transparency 90 30 40 40 50+23.45
Salinity (PSU) 0,3 0,3 0,4 0,4 04+0

At the Tunari

Dam, seasonal measurements of water quality indicated significant

variations, the pH was slightly alkaline, slightly exceeding the limits allowed in cold seasons,
with an average of 8.9.

The concentration of dissolved solids was consistently high (409.5 ppm annual
average), and the electrical conductivity, indicating mineralization, ranged from 707 uS/cm
in summer to 909 puS/cm in winter.

Dissolved oxygen was low, between 1.2 mg/l (winter) and 8.6 mg/l (spring), and
oxygen saturation showed low values in most seasons, indicating oxygenation difficulties.

Turbidity values ranged from 6.8 NTU in summer to 25.5 NTU in spring, and high
transparency in the summer season suggested relatively clear water.

The transparency of the water at the Tunari Dam varies seasonally, decreasing to 30
cm in autumn due to rainfall that increases suspended matter, and reaching 40 cm in winter

and spring, when biological activity decreases and sediments stabilize. The annual average
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transparency is 50 cm, but with a large deviation, reflecting the influence of seasonal
environmental factors.

The salinity of the water remained relatively constant between 0.3 and 0.5 PSU
throughout the year, being slightly higher than the values of the Dambovita River, but below
those of the Diyala River in Iraq (Ionita et al., 2023; Al-Samawi et al, 2016).

V 1.2. Spatio-temporal variations of the physico-chemical parameters of the Pasarea
River

The comparative representations of the physicochemical parameters of the water in the
Pasarea river have highlighted significant spatio-temporal variations between the ecosystems
specific to each sector, as well as seasonal. In particular, these differences concerned turbidity,
conductivity and the concentration of dissolved oxygen in the water. No significant

differences were observed between sampling points for salinity, temperature and resistivity.

V.2. Chemical composition of water samples from the Pasarea River

XRF analyses of water samples from the two sectors of the Pasarea River, the Dimieni
Bridge and the Tunari Dam, revealed a variable seasonal composition of metallic and non-
metallic ions, including some elements that are part of the lanthanide groups (Table V.4 and
Table V.5).

The chemical composition of the Pasarea River showed seasonal variations and
differences between the sampling sectors, with the presence of rare metal oxides such as
barium, cerium, germanium and terbium, suggesting anthropogenic pollution and an
exogenous contribution of pollutants. The highest concentration was recorded for BaO (73%-
80% mass) in winter at the Tunari Dam, and the oxides TiO2 and CeO- had high percentages
in summer and spring. The toxic elements Sm:0s, Gd-0s and TiO. were present in high
concentrations, with ecological and health risks. At the Dimieni Bridge, SiO2 was consistently
high, and Sm and Lu oxides showed notable seasonal variations, indicating the need for

continuous monitoring to protect this ecosystem.
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Figure V.21. Spatio-temporal distribution of chemical compounds in the water of the

Pasarea River.
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VI. SPATIO-TEMPORAL CHARACTERIZATION OF MICROBIAL
COMMUNITIES IN THE PASAREA RIVER

VI.1 Microorganisms involved in the biogeochemical cycles of carbon, sulfur and

nitrogen

VI.1.1. Heterotrophic bacteria (carbon cycle)

In accordance with the new classification system proposed by the European Union
"Bacteriological indicators for surface water quality”, the number of heterotrophic bacterial
colonies correlated with five quality classes, indicates organic pollution (Lazar et al., 2015).

The abundance and morphology of microbial colonies corresponding to the summer,
autumn and spring seasons, at the Dimieni Bridge and the winter season, at the Tunari Dam,
illustrate variations of the microbial communities in the Pasarea River depending on the

season and sampling point (Figure VI.1).

Figure VI.1. Highlighting heterotrophic microorganisms isolated from water samples, from sampling points
Dimieni Bridge (P1) Tunari Dam (P2) in different seasons.

In the case of the Dimieni Bridge, the density of heterotrophic microorganisms varied
between 3.2 x 105 (summer) and 4.5 x 104 (spring) (Table VI1.1). For the Tunari Dam sample,
the highest number of CFU/mI was highlighted in the sample taken in the winter season, 1.7
x 105 and registered a decrease in the spring season, respectively 1.4x102 CFU/ml (Table
VI1.1).
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Table VI.1. Seasonal density of aerobic heterotrophic microorganisms from two sampling
points of the Pasdrea River. Dimieni Bridge (PD); Tunari Dam (BT).

Season Sampling Density microorganism heterotrophic
sector Mean value (+ standard deviation) (CFU/ml)

Summer PD (3,2+0,22) x 105
(July 2020) BT 50+ 0,75 x 104
Autumn PD 3,8+0,40 x 105
(November 2020) BT 12+ 1.0x103
Winter PD 9,9+ 0,50 x 104
(February 2021) BT 1,7+0,30 x 105
Spring PD 4,5+ 0,30 x 104
(April 2021) BT 1,4 0,10 x 102

VI1.1.2. Bacteria involved in the biogeochemical cycle of sulfur
Sulphate-reducing bacteria
In this study on the Pasdrea River, the presence of sulfate-reducing bacteria was

evidenced by iron precipitation in different seasons, at both sampling points (Figure V1.4).
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Figure V1.4. Highlighting sulfate-reducing bacteria in water samples collected at Dimieni
Bridge (PD) and Tunari Dam (BT).
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Table VI.2. Density of sulfate-reducing bacteria from the sampling points of the Pasarea
River, Dimieni Bridge (PD) and Tunari Dam (BT) in the four seasons.

Season Sampling Sulfate-reducing bacteria density
point (cells/ml)
Summer PD 22,5x 105
(July 2020) BT 5,5x 104
Autumn PD 4,75 x 105
(November 2020) BT 4,75 % 102
Winter PD 7,5 x 106
(February 2021) BT 5,5x 107
Spring PD 5,75 x 107
(April 2021) BT 475 %102

This group of microorganisms was highlighted during the four seasons in both sectors
of the Pasarea River (Table VI.2). The high content of sulfate-reducing bacteria, recorded in
the water samples from the Dimieni Bridge area, with a maximum (5.75x107 cells/ml) reached
in the spring period (Table V1.2, Figure VI.5) suggests a high anaerobic activity for the
degradation of organic matter.

For the sampling point at the Tunari Dam, the highest number of sulfate-reducing
bacteria was recorded in the winter season (5.5x107 cells/ml), with a significant decrease
during the summer (5.5x104 cells/ml) and a decreased presence in spring and autumn
(4.75x102 cells/ml) (Figure V1.5, Table VI.2).

VI1.1.3. Bacteria involved in the biogeochemical nitrogen cycle
In order to evaluate the microbial communities, involved in the biogeochemical cycle
of nitrogen, the ammonifier, nitrifying, nitrating and denitrifying bacterial groups from the

two sampling points of the Pasdrea River were quantified during four consecutive seasons.
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. Table VI1.3. Seasonal density of groups of bacteria involved in the biogeochemical cycle of
nitrogen, in the sampling points Dimieni Bridge (PD) and Dam Tunari (BT) of the Pasarea

River.
Sampling Density of Nitrite-bacteria | Nitrate-bacteria Density of
Season point ammoniating density density denitrifying
bacteria (cells/ml) (cells/ml) bacteria
(cells/ml) (cells/ml)
Summer PD 0 0 0 3x10
(July 2020) BT 0 0,8 1,18 22105
Autumn PD 0 1,4 0 2,2x102
(November
2020) BT 0 3x102 0 0
Winter PD 2,8 x 104 1,8x 10 0 2.2x104
(February
2021) BT 2,8 x 104 1,8x 10 0 2,2x 104
Spring PD 2,8 x 105 8x10 0 0
(April
2021) BT 3,0x 103 5 0 0

The relative content of the different groups of microorganisms involved in the
biogeochemical cycle of nitrogen, present in the Pasarea River at the sampling points Tunari
Dam and Dimieni Bridge highlights the dominance of denitrifying bacteria in the summer
season, in both sampling points, both at the Dimieni Bridge and at the Tunari Dam, and in the
following season, in autumn, they predominated only in the water sample from the Dimieni
Bridge, while in the sample at the Tunari Dam nitrifying bacteria were the majority. In the
winter season, in both sampling points, ammonifying bacteria predominated (~60%), the
remaining ~40% being represented by denitrifying bacteria. In the spring season, ammonifier
bacteria were the majority in both samples from the two sampling points, the Dimieni Bridge

and the Tunari Dam.

VI1.3. Spatio-temporal distribution of potentially pathogenic microorganisms in the
Pasarea River

The microbial pollution of the Pasdrea River was investigated by quantitatively
determining the presence of total coliforms, fecal coliforms and fecal streptococci, species
frequently associated with fecal-household contamination of ecosystems (Kolarevic et al.,
2011), in water samples collected from the two sectors of the river. The content of these
microbial groups, measured over the four seasons, in the investigated sampling points, the
Dimieni Bridge and the Tunari Dam, showed both a spatial and temporal variation in the

number of pathogenic microorganisms (Table V1.5).
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Table VI1.5. Seasonal distribution of groups of microorganisms indicating pollution in the
water samples from the Dimieni Bridge (PD) and the Tunari Dam (BT).

Patogenic microorganism group
essun Saml.)litng Total Fecal coliform Fecal streptococci
pom coliform (cell/ml) (cells/ml)
(CFU/ml)
Summer PD 3,03 x 102 2,25 x 101 1,4 x 101
(July 2020) BT 4,80 x 101 2,00 x 100 0
Autumn PD 6,20 x 103 3,00 x 100 5,0 103
(November 2020) BT 0 0 0
Winter PD 1,85x 103 0 5,0x 103
(February 2021) BT 3,65 x 102 0 1,4 x 102
Spring PD 1,80 x 103 2,5x 101 9,0 x 102
(Apl‘ll 2021) BT 0 0 0

Figure VI1.19. Highlighting total coliform bacteria in samples from the Dimieni Bridge (PD).

The seasonal distribution of the three categories of microorganisms, potentially
pathogenic, in the Pasarea River highlighted a distinct profile of the presence of microbial
pollutants in the two sampling points investigated. In this regard, a relatively important content
of total coliforms and fecal streptococci was identified, accumulated in the area of the Dimieni
Bridge, during the autumn and winter seasons and with the resilience of total coliforms, during
the spring, while in the area of the Tunari Dam, these two groups of polluting microorganisms
showed a relatively high content, only in the winter season and with substantially reduced

values compared to the Dimieni Dam area.
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VII. OBTAINING AND CHARACTERIZING THE BACTERIAL STRAINS FROM
THE PASAREA RIVER

VIL.1. Isolation and morpho-functional characterization of microorganisms from the
Pasarea River

After inoculating water samples from the Pasarea River on a solid medium at 37°C for
48 h, 11 microbial colonies were obtained from the Dimieni Bridge (P1) and 9 from the Tunari
Dam (P2), with various morphologies (matte white, cream-pink, yellow, etc.) and varied
structures (flat, convex, with well-defined edges), suggesting the presence of
exopolysaccharide capsules.

Most strains (11) were Gram positive and catalase positive (70%), but only 40% were
oxidase positive. In the summer season, all isolated bacteria were Gram positive and catalase
positive, with no oxidase activity; in winter, Gram-negative bacteria with oxidase and catalase
activity predominated; and in spring the isolates were divided equally, between Gram
positive/negative and catalase positive/negative, all of which were oxidase negative. Seasonal

variations indicate the influence of environmental conditions on bacterial composition.

VIL.2. Molecular identification of bacterial strains based on the sequence of the 16S
rRNA gene

The taxonomic affiliation of the strains isolated from the Pasarea River was determined
based on the sequence of the 16S rRNA gene. Following the BLAST analysis (Liu etal., 2017;
Sudan et al., 2018) of the sequences of the 16S rRNA gene obtained, for the 20 strains, their
taxonomic identification indicated the belonging of the bacteria isolated based on the sequence
identity >97% of most of them, with homologous species from the databases (Table VII.3).
The taxonomy of these strains from the Pasarea River has been assigned to 3 phyla (Bacillota,
Pseudomonadota,  Actinomycetota), 3 classes (Bacilli, = Gammaproteobacteria,
Actinobacteria), 6 families (Bacillaceae, Pseudomonadaceae, Aeromonadaceae,
Enterobacteriaceae, Microbacteriaceae, Dermabacteraceae) and 9 genera (Bacillus,
Pseudomonas, Aeromonas, Enterobacter, Exiguobacterium, Yersinia, Microbacterium,

Brachybacterium and Lysinibacillus).
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Table VI1.3. Molecular Identification of Bacterial Strains in the River Pasirea Based on 16S

rRNA Gene Sequence.
No.
Isolate strain Collection Homologous species [access [ldentity (%) Origin of the
code season number] homologous species
Aquatic environment-
1 Summer sediment Pacific
P1-2(D3) Bacillus sp. [KJ812450] 99,7 Ocean
2 Winter Pseudomonas sp. Sediment-Ganges
P1-5(D3) [GCA_002234375] 99,67 River
3 Winter Aquatic environment-
P1a-5(D3) Pseudomonas sp. [1215092] 99,7 drinking water
4 Winter Aquatic environment
P2-5(D4) Bacillus sp. [536229] 93,31
5 Winter Aquatic environment
P2-2(D4) Aeromonas popoffii [AJ224308] 99,45 (drinking water)
6 Winter Exiguobacterium Sediment N-E Pacific
P1-4N(D1) sp.[AY818050] 94,52
7 Spring Enterobacter kobei Blood of a person
P1(D1) [AJ508301.]) 98,22 with diabetes
8 Spring Aeromonas salmonicida Acvatic-somon
P2-7(D4) [LSGW00000000] 98,44 Atlantic
9 Spring Pseudomonas aeruginosa Ground
P1-1(D3) [LN681564] 98,73
10 Spring Aeromonas hydrophila Canned milk with a
P1-1(D4) [CP000462] 97,86 fishy smell
11 Spring Yersinia intermedia strain Human urine
P2-8(D4 [EF179123] 98,07
12 Spring Aquatic environment
P2-3(D4) Bacillus sp. [536229] 97,31
13 Spring Aquatic environment
P2 -1a(D4) Aeromonas popoffii [AJ224308] 97,28 (drinking water)
14 Spring Microbacterium marytipicum Sediment/sea sludge
P1-5n (D1) [AM181506] 98,37
15 Spring Aeromonas australiensis Irrigation system
P1-2(D4) [HE611955] 97,04
16 Spring Brachybacterium Aquatic-aquaculture
muris/zhongshanense water
P1-4 (D3) [IX68013]) 97,93
17 Spring Aquatic environment
P2-4 (D4) Bacillus sp. [1178541] 99,65
18 Spring Lysinibacillus macroides Cow droppings
P21bh(D4) [AJ628749] 97,73
19 Summer Pseudomonas psychrophila Food Cold Room
P1-3(D4) [AB041885] 95,41
20 P2-6(D4) Summer Bacillus sp. [AJ831843] 97,04 Air

VII.3 Phylogenetic analysis of the strains isolated from the Pasarea river

The phylogenetic tree built on the basis of the 16S rDNA sequences grouped the
investigated strains into two major groups (clusters) related to the corresponding gene, from

Halorubrum kokurii strain BG-1 used as an outgroup (Figure VI1.11). One of these groups,
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containing 11 stems from the Pasarea River, is represented by members of the families
Enterobacteriaceae and Pseudomonadaceae with stems belonging to the genera Aeromonas,
Enterobacter, Yersinia and Pseudomonas (Figure VI1.11).

The second cluster consists of members of the families Bacillaceae, Dermbacteraceae
and Microbacteriaceae, grouped with species belonging to the genera Microbacterium (5N),
Brachybacterium (P1-4), Exiguobacterium (4N), Lysinibacillus (P2-1b) and Bacillus (P2-3,
P2-4, P2-5, P2-6) (Figure VI1.11).

VI1.4. Production of enzymes by bacterial isolates from the Pasarea River

The bacterial strains isolated from the Pasarea river were tested for the production of
extracellular hydrolytic enzymes, presenting a variable profile in terms of type and level of
enzymatic activity. From the category of hydrolases, esterases predominated, most of the
strains hydrolyzing only one type of substrate.

Four strains (P2-8/D4, P21-b/D4, P1-3/D4 and P2-6/D4) did not record any
extracellular hydrolytic activity.

Aeromonas Isolate sp. P1-2 (D4) was able to hydrolyze all five mediums supplemented
with Tween 80, gelatin, CMC, amylase and casein, indicating a high hydrolytic potential.

The strains that showed the most enzymatic activities, with the highest hydrolysis
diameter values, are Aeromonas sp. P1-2 (D4), Pseudomonas sp., P1-1 (D3) and Aeromonas
sp. P1-1 (D4). These strains were distinguished by their significant esterase and
carboxymethylcellulase activities, showing a high application potential for obtaining new
bacterial hydrolytic enzymes.
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VIII. IMPACT OF POLLUTION ON THE MICROBIAL DIVERSITY OF THE
PASAREA RIVER

The assessment of the degree of microbial pollution of the Pasirea River was
carried out according to the data obtained on the spatio-temporal variation of the microbial
content of the Pasdrea River, based on the classification in the water quality classes,
established at European level (EU-Expert 2000/60/EC).

Table VIII.2. Classification of the water samples collected from the Dimieni Bridge and the
Tunari Dam of the Pasdrea River in the water quality classes for organic pollution.

Sampling sector Summer Autumn Winter Spring (2021)
(2020) (2020) (2021)
Bridge Dimieni v v I I
Tunari Dam I I v I

Table VIII.3. Water quality classes at the Dimieni Bridge sampling point of the Pasdrea River
for the faecal pollution indicator parameters.

Parameter - fecal

pollution

Summer (2020)

Autumn (2020)

Winter (2021)

Spring (2021)

Total
coliforms/100ml

III

v

v

v

Fecal
coliforms/100ml

III

II

III

Fecal

v

A%

v

streptococci/100ml

Table VIII.4. Water quality classes at the Tunari Dam sampling point of the Pasarea River for
the indicator parameters of fecal pollution.

Parameter - fecal
pollution Summer (2020) Autumn (2020) Winter (2021) Spring (2021)

Total 11 - 111 -
coliforms/100ml

Fecal 11 1/0 1/0 1/0
coliforms/100ml

Fecal - - \'% -

streptococci/100ml

The study on the Pasarea River revealed variable organic and fecal contamination, with
the Dimieni Bridge sector constantly classified in pollution classes III-1V, and the Tunari Dam
showing fluctuations, including a critical level of pollution in the winter season (class IV).
Microbiological analyses showed an increased degree of contamination with microorganisms
indicative of organic pollution, especially in winter and spring, with increased pollution at the
Dimieni Bridge, where total coliforms and fecal streptococci reached high levels. At the
Tunari Dam, fecal pollution was lower, but in the winter of 2021 critical levels of pollution

with fecal streptococci and total coliforms were recorded.
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The impact of the chemical composition on the river microbiome was observed by the
analysis of metal oxides such as As20s, which inhibited bacteria in cold seasons, and BaO,
where an adaptation of bacterial strains belonging to the genera Pseudomonas and Bacillus
was noted. Also, the presence of cerium oxide suggests the influence of industrial activities,
and the isolated strains indicate the development of mechanisms of resistance to toxic

pollutants, including rare metals.
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CONCLUSIONS

The studies carried out within this doctoral thesis aimed at the physico-chemical,
chemical and microbiological characterization of the Pasarea River in two areas (Dimieni
Bridge and Tunari Dam) in order to determine the level of pollution of the river.

The originality of the study lies in determining the seasonal variations of the
physicochemical and chemical profile of the investigated water sector, caused by the
anthropogenic impact, which is reflected in the dynamics of microbial populations and in the
spectrum of their enzymatic activities.

The in situ measurement of the physicochemical parameters of the water samples
revealed spatio-temporal variations over the four seasons in the two sampling points,
reflecting both natural influences and an anthropogenic pollution of an industrial nature on
the water quality. At the same time, the high concentrations of some metal oxides and the
presence of potentially toxic elements (PTEs) suggest significant pollution of the river that
affects water quality in both water sectors investigated.

In particular, the increase in turbidity and suspended solids concentration (TDS)
observed in the autumn and winter seasons at the Dimieni Bridge, as well as variations in
water transparency at the Tunari Dam in the summer season, reflect seasonal changes in water
composition influenced by climatic and anthropogenic factors. At the same time, the
differences recorded between the two sectors of the river, for simultaneous measurements,
suggest punctual episodes of local anthropogenic pollution.

Significant seasonal variations in pH, oxidation-reducing potential (ORP), turbidity
and implicitly water transparency together with electrical conductivity, indicated drastic
changes in the habitat of aquatic organisms during the four seasons, with possible contribution
due to chemical pollution. Also, major variations in dissolved oxygen (DO) concentration and
percentage oxygen concentration (DO) were observed, worrying decreases (Omg/L and 0%/L
respectively) in the autumn and winter seasons at Dimieni Bridge.

Notable variations in these physicochemical parameters affect water quality and reflect
seasonal climate and hydrological changes.

For the salinity parameter, the values did not show major spatio-temporal variations
over the four seasons, remaining relatively constant, also the variations of water temperature
were in accordance with the seasonal influence, no major differences being identified between
the two sampling points.

The chemical analysis carried out by XRF revealed significant variations in the

chemical composition of the water samples depending on the season and the sampling point.
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A total number of 22 chemical elements/compounds were identified at the Dimieni
Bridge and 20 chemical elements/compounds in the form of oxides, at the Tunari Dam in the
four sampling seasons.

The spatial distribution of the identified oxides varied seasonally, with a punctual
presence and, in some cases, in important quantities (titanium oxide TiO2 with 39% mass in
the summer season sample at the Tunari Dam, cerium oxide CeO2 30% mass in the spring
season, in the same water sector, together with neodymium oxide Nd203 with 26.18% mass
identified in the autumn season at the Tunari Dam), over 10% mass (samarium oxide Sm20s,
lutetium oxide Lu20s,) over 5% mass (manganese oxide MnO, holmium oxide Ho:0s,
germanium oxide GeO:) so that a regional influence of water compounds has been identified.

Also, a series of chemical elements/compounds in the form of oxides were identified
either in at least two seasons, or in both sectors of the Pasdrea River, in important
concentrations (gadolinium oxide 5.48% mass to 8.19% mass at the Dimieni Bridge, terbium
oxide up to 8.12% mass at the Tunari Dam, the value being far exceeded at the Dimieni Bridge.

Very high concentrations (73%-80%) of barium oxides (BaO) were identified in both
sampling points of the Pasdrea River, indicating an exogenous contribution of chemical
pollutants. The extreme seasonal variation of this compound in water samples collected in
spring and summer, between maximum values and its absence, confirms the anthropogenic
origin of this compound in the Pasarea River, suggesting major industrial pollution.

Some of the identified oxides such as titanium oxide (TiOz), niobium oxide (NbOy),
strontium oxide (SrO), cerium oxide (CeO.), neodymium oxide (Nd203), samarium oxide
(Sm203), gadolinium oxide (Gd203), terbium oxide (Th4O7), lutetium oxide (Lu203) and
holmium oxide (Ho:0s) are considered toxic to aquatic ecosystems and human health, found
on the European Commission's List of Critical Raw Materials (https :/ /rmis .jrc. ec .
europa.eu/), their presence indicating a source of industrial pollution or uncontrolled
discharges.

The microbiological analyses of the water samples from the Pasarea River, which
targeted the groups of bacteria involved in the biogeochemical cycles of carbon, sulfur and
nitrogen, highlighted variations in the composition of the aquatic microbiome depending on
the season and the sampling point, as well as the presence of some groups of pathogens.

The heterotrophic microorganisms recorded the lowest number, of the order of 102,
in the spring season, at the Tunari Dam, the maximum number of order 10° being recorded in
the autumn season, at the Dimieni Bridge and in the winter season at the Tunari Dam, having

a constant presence in both sampling points, in accordance with the temperature of the habitat.
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The largest number of sulfate-reducing bacteria, of the order of 107, was present in
the winter season at the Tunari Dam and in the spring at the Dimieni Bridge, their number
remaining high in the rest of the seasons in both sectors of the Pasarea River, except for the
Tunari Dam for which a minimum density of 102 was recorded in the spring and autumn
seasons.

Ammonifier bacteria were absent in the summer and autumn seasons from both
sampling points, reaching the highest density at the Dimieni Bridge, of order 10° in the spring
season.

Both nitrite-bacteria and nitrate-bacteria were very poorly represented in the two
investigated sectors, the latter being present in an extremely small number, of the order 10%,
only in the summer season at the Tunari Dam.

The denitrifying bacteria varied both according to the season and the sampling
sector, being absent at the Tunari Dam, in the autumn and spring seasons and reaching high
densities in the summer season, of order 10°, while at the Dimieni Bridge they reached a
maximum in the winter season, of order 10* but were absent in the spring season.

These quantitative variations in the communities of ammonifier, nitrite- and nitrate-
bacteria and denitrifying bacteria recorded, suggest the achievement of an incomplete
biogeochemical cycle of nitrogen in the two sectors of the Pasarea River.

The physicochemical parameters of the water samples, determined from these
investigated sites, suggested the presence of polluting factors with an inhibitory effect on the
specific enzymatic activities involved in the biogeochemical transformations of nitrogen.

In the water sample from the Dimieni Bridge, the microbiological analyses showed the
presence of fecal streptococci, of order 10% in the cold seasons, of autumn, winter and of total
coliforms with the maximum number, of order 10%, in the autumn season, persisting during
the four seasons and of fecal coliforms, in a lower content, of order 10, during the summer
season, autumn and spring. For the Tunari Dam, the microbial pollution was due to the
increased number of total coliforms, of order 103 recorded in the winter season and fecal
coliforms during summer and spring (10%) and fecal streptococci, in winter, of order 102,

The values obtained indicate a persistent pollution, both organic and chemical and
microbiological, of the river during the four seasons in the two investigated sectors. In most
seasons, the water of the Pasarea River was classified as class IV for organic pollution and
class V for the group of fecal streptococci, persisting for three seasons at the Dimieni Bridge
and in the winter season, at the Tunari Dam. The water in the Tunari Dam sector was not as

affected by fecal-household pollution, being classified in most seasons as class I pollution.
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From the water samples taken from the Pasarea River, 20 strains were isolated and
taxonomically identified by sequencing the 16S rRNA gene, belonging to 3 phyla, 3 classes,
6 families and 9 genera, with a high identity (>97%) with homologues from aquatic
environments, in most cases.

Testing of isolates for the production of extracellular hydrolytic enzymes revealed a
predominance of esterase-producing strains, most of which hydrolyzed a single type of
substrate.

Four strains (P2-8/D4, P21-b/D4, P1-3/D4 and P2-6/D4) showed no extracellular
hydrolytic activity.

Aeromonas isolate sp. P1-2 (D4) was able to hydrolyze all supplemented media with
the tested substrates (Tween 80, gelatin, CMC, amylase and casein), demonstrating a high
hydrolytic potential.

Aeromonas sp. P1-2 (D4), Pseudomonas sp., P1-1 (D3) and Aeromonas sp. P1-1 (D4)
showed the most enzymatic activities with the highest hydrolysis diameter values. These
strains were distinguished by their significant esterase and carboxymethylcellulase activities,
indicating a high application potential for obtaining new bacterial hydrolytic enzymes.

The corroborated analysis of the data obtained indicates possible correlations between
the chemical and microbiological composition of the Pasarea River. Of these, the presence of
high concentrations of As.Os had a potential inhibitory effect on some groups of bacteria
(heterotrophic, sulfate-reducing, ammonifier and total coliform bacteria), while the very high
concentrations of BaO and the high content of lanthanides in the form of oxides of Tb, Ho,
Gd and Nd did not have an apparent direct impact on the microbial density of the groups of
bacteria studied, suggesting polluting, punctual discharges, the effect of which can be

observed through continuous monitoring.

PERSPECTIVES

The research of this doctoral thesis highlighted the pollution of the Pasarea River, both
at a chemical and microbiological level. In this sense, exposure to various chemical
compounds present in high concentrations, such as barium, various heavy metals and elements
belonging to CRM, of microorganisms in river water, could favor the development of
resistance mechanisms to these pollutants. An in-depth investigation of the structural and
functional diversity of microbial communities in the Pasiarea River, using both molecular
methods (Illumina sequencing of the 16S rRNA gene and metagenomics of the microbiome)

and cultivation methods (isolation from new microbial strains) and gene expression analysis
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by RT-PCR in the presence of various pollutants, can contribute to deciphering the adaptation
mechanisms of aquatic microorganisms to polluted environments.

The widespread presence of different types of plastics (polyethylene, polypropylene,
polyethylene terephthalate) in the aquatic environment also raises a major current issue on the
adaptation of the microbiome in river water and sediments to high concentrations of these
pollutants (Tim et al., 2022). The corroborated study of the degree of plastic pollution of the
Pasarea River, as well as seasonal and spatial variations and the impact on the aquatic
microbiome, represents an important perspective of research on the water quality of this river.
In addition, the screening and functional characterization of the strains isolated from this river
can lead to the identification of new microbial strains effective in the biodegradation of macro
and microplastics.

Also, the highlighting of the extracellular hydrolytic activities of the strains P1-2, P2-
1a, P2-7, P2-2 belonging to the genus Aeromonas, isolated, in this doctoral thesis, constitute
important preliminary data for the further investigation of their application potential in various
technologies. Regarding water treatment, the ability of the extracellular hydrolase mixture
(Alokpa et al., 2022) to transform small amounts of CRM under environmental ecosystem
conditions could be exploited for the further development of different systems for monitoring

polluted areas and for the treatment and recovery of some materials (Lulea et al., 2022).
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