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Keywords Abstract: This study was carried out to evaluate the chemical and microbiological properties
Natural drinking of a natural water source located in Azat Village (Ucler hill) of Kars province and used as
water source, drinking water by the surrounding villagers. Water samples taken from three different

Microbial diversity, —sampling points were analyzed for pH, electrical conductivity, total hardness, alkalinity,
Rural water security, nitrogenous compounds (NO:, NOs", NH4"), metal contents (Fe, Cu, Al, Pb), sulfate and

Chemical water chloride levels. The data obtained were compared with World Health Organization (WHO)
quality, drinking water standards and one-sample t-test was applied for each parameter. Statistically
16S rRNA sequence significant differences were found in total hardness, NOs", Fe, Cu, SO+*" and Cl” parameters (p
analysis < 0.05), while other parameters were found to be compatible with WHO reference values. In

microbiological analyses, a total of eight different bacterial species were isolated by culture-
dependent methods. These species were identified by 16S rRNA gene sequencing analysis and
all of them were determined to be non-pathogenic environmental microorganisms. The
identified species included Microbacterium spp., Bacillus subtilis, Corynebacterium spp.,
Lactobacillus spp., Rhodococcus spp., Pseudomonas putida, Leuconostoc spp. and Aeromonas
spp. Although some species have the potential to be opportunistic pathogens, the overall
microbiological profile was considered to be within acceptable limits for natural sources.

Kirsal Bir Jeotermal Kaynakta Su Kalitesi ve Molekiiler Analiz (16s rRNA) ile Bakteriyel
Topluluk Yapisinin Incelenmesi: Ucler Tepesi (Azat Koyii), Kars, Tiirkiye

Anahtar Kelimeler Oz: Bu galisma, Kars ilinin Azat Koyii'nde (Ugler tepesi) bulunan ve gevre koyliiler tarafindan
Dogal igme suyu igcme suyu olarak kullanilan dogal bir su kaynaginin kimyasal ve mikrobiyolojik &zelliklerini
kaynagi, degerlendirmek amaciyla gergeklestirilmistir. Ug farkli 6rnekleme noktasindan alinan su
Mikrobiyal ¢esitlilik, ornekleri pH, elektriksel iletkenlik, toplam sertlik, alkalinite, azotlu bilesikler (NO2", NOs,
Kirsal su giivenligi, NH4"), metal icerikleri (Fe, Cu, Al, Pb), siilfat ve kloriir seviyeleri agisindan analiz edilmistir.
Kimyasal su kalitesi, Elde edilen veriler Diinya Saglik Orgiitii (WHO) i¢me suyu standartlar ile karsilagtirilmis ve
16S rRNA dizi her parametre i¢in tek 6rneklem t-testi uygulanmistir. Toplam sertlik, NOs", Fe, Cu, SO+* ve
analizi Cl" parametrelerinde istatistiksel olarak anlamli farkliliklar bulunurken (p<0.05), diger
parametreler WHO referans degerleriyle uyumlu bulunmustur. Mikrobiyolojik analizlerde,
kiiltire bagl yontemlerle toplam sekiz farkli bakteri tiirli izole edilmistir. Bu izolatlar 16S
rRNA gen dizileme analizi ile tanimlanmis ve patojen olmayan ¢evresel mikroorganizmalar
oldugu belirlenmistir. Tanumlanan tiirler arasinda Microbacterium spp., Bacillus subtilis,
Corynebacterium spp., Lactobacillus spp., Rhodococcus spp., Pseudomonas putida,
Leuconostoc spp. ve Aeromonas spp. yer almaktadir. Bazi tiirler firsatg1 patojen olma
potansiyeline sahip olsa da, genel mikrobiyolojik profilin dogal kaynaklar i¢in kabul edilebilir
siirlar iginde oldugu diistiniilmiistiir.
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1. INTRODUCTION

Freshwater resources are vital for both drinking and
agricultural irrigation, especially for rural communities
[1]. However, the sustainable and safe use of these
resources is directly related not only to their quantity but
also to their microbiological and chemical quality [2, 3].
Especially Kars province, which is located in the east of
Turkey and has various geological structures, has a
significant potential in terms of natural spring waters [4].
Azat village and its surroundings, which are discussed in
this study, offer a remarkable research area due to their
geographical location and hydrogeological
characteristics. Ucler locality, which is close to the central
district of Kars, where Azat Village is located, has a
volcanic crater form with its topographical structure.
Satellite images and field observations show that this
region bears the traces of volcanic activities that occurred
in the historical process. The flattened area in the center
of the crater structure and the surrounding elevations
suggest that the hydrogeochemical processes in this
region are effective on the groundwater regime (Figure 1).
In areas with volcanic rocks, the interaction of water with
various minerals during its passage through the
subsurface may create an environment that is both
enriched in terms of ionic composition and suitable for the
development of unique microbial communities [5].

In this context, remarkable differences can be observed in
physicochemical parameters such as pH, conductivity and
organic matter content as well as metals such as iron,
manganese, sulfate and aluminum in water resources of
volcanic origin. In fact, previous studies in these regions
have reported critical values for human health, especially
excessive iron and copper content, high ammonium and
nitrite levels [6-8]. However, the fact that natural springs
in such geological structures have been preferred by the
public as drinking and utility water for many years brings
with it the risk of ignoring possible microbiological
threats.

From a microbiological point of view, natural mineralized
waters formed by volcanic structures allow the
development of bacterial communities adapted to harsh
environmental conditions such as extreme temperature,
pH changes and high ionic stress [9, 10]. These
microorganisms are mostly saprophytes, but occasionally
pathogenic species such as  members  of
Enterobacteriaceae, Pseudomonas spp., Staphylococcus
spp. and Listeria spp. have been reported [4, 11-13].
These bacteria may pose a risk of infection, especially for
immunocompromised individuals and animals [12, 14]. In
addition, the antibiotic resistance and heavy metal
tolerance of bacteria also indicate the potential for
significant public health problems in the long-term use of
such resources.

This study aims to investigate both chemical parameters
and microorganisms isolated by culture-based methods
from a natural water source located in Azat Village of

Kars province and used directly as a drinking water source
by local people. In addition, identification of the bacterial
isolates obtained at the molecular level by 16S rRNA gene
region sequencing analysis will be carried out. Thus, the
possible microbial risks, metal tolerance, diversity level
and public health impact of natural water resources in the
region will be revealed in a multidimensional way.

The results of this study will provide important
information not only for the Kars region but also for the
identification  and  control  of  environmental
microorganisms that may threaten public health in rural
areas with similar geological structures.

2. MATERIAL AND METHOD
2.1. Biological Material

The water samples analyzed in this study were collected
from a natural water source located within the borders of
Azat Village in the central district of Kars province, which
is widely preferred by the local people for drinking and
utility water. The spring is located in the center of an old
volcanic structure at approximately 40.511855 °N latitude
and 43.139596 °D longitude (Figure 1). This geological
structure is characterized by its crater-like morphology
and offers unique conditions for the mineral content and
microbial load of the water. The sampling points on the
map are marked in Figure 1. Sampling was conducted in
June 2025 under moderate weather conditions; the season,
date, time, and local observations (including limited
animal activity around the source and moderate water
flow) were recorded to provide context for the one-time
sampling. A total of three different sampling points were
identified; these points were taken from the main outlet
near the center of the water source, from the middle zone
downstream and from the expansion area approximately
50 meters beyond the outlet. Two samples were taken
from each point, one from the surface (0-10 cm) and one
from the bottom (20-30 cm), for a total of six water
samples. Water samples were filled into sterile glass
bottles and sealed to minimize contact with air during
sampling [15]. The samples were transported to the
laboratory of the Department of Bioengineering, Kafkas
University within a maximum of 6 hours using ice-
reinforced portable boxes. A constant temperature of less
than 4°C was maintained during transportation of the
samples, and the box was kept sterile to prevent external
contamination. All samples were immediately separated
for microbiological and chemical analyses upon arrival at
the laboratory. During field studies, physical parameters
such as water temperature, pH and electrical conductivity
were measured and recorded instantly in the field with
portable measuring devices [16]. At the same time,
sampling coordinates, environmental observations and
risk factors (animal mobility, agricultural activities, soil
structure, vegetation cover, etc.) were documented in
detail with a GPS device.
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Figure 1. Visual components of the study area. (A) Location of the water source (indicated by the red star) on the physical map of Turkey-Kars province
obtained from the General Directorate of Mapping [17]. (B) General view of the vicinity of the water source taken by drone from an altitude of
approximately 350 m. (C) Stone structure and water outlet point in the inner region used directly as drinking water by local people. (D) View of the
water source from upper elevations and surrounding settlement structure. (E) Topographic view of the northern slope of the volcanic mountain where

the water source is located

2.2. Water Quality Assessment Based on Chemical
Indicators

Within the scope of the research, chemical evaluation of
water samples collected from three different points in
Azat Village was carried out using internationally
accepted standard analysis methods. In these analyses,
physical parameters such as pH, conductivity, total
hardness and alkalinity were first measured; then the
levels of chemical components such as nitrite (NO2),
nitrate (NOs), ammonium (NH4"), iron (Fe), aluminum
(Al), copper (Cu), lead (Pb), sulfate (SO+*) and chloride
(CI') were determined. All analyses were carried out in a
laboratory approved by the Ministry of Agriculture and
Forestry, based on Turkish Standards Institute (TSE) and
World Health Organization (WHO) drinking water
quality criteria [18]. The data obtained were presented in
a tabular form to allow comparison of the parameters with
the limit values and their compliance status was also
evaluated. Thus, it was objectively revealed whether the
water source carries a potential risk in terms of potability.
All chemical analyses were performed in an accredited
laboratory in accordance with TSE and WHO standard
protocols [18]. Device calibration, blind sample and
standard use, and repeat measurements were performed to
ensure quality assurance/quality control (QA/QC) and the
reliability of the results.

2.3. Isolation and Cultivation of Environmentally
Brought Bacteria

Bacterial isolation from water samples was carried out
using culture-based classical microbiological methods.
After the samples arrived at the laboratory, they were
subjected to serial dilutions from 10" to 10 under aseptic
conditions [15]. Each dilution was inoculated into
Nutrient Agar (NA) medium by the surface spreading

method using sterile pipettes. Incubation in Petri dishes
was performed at 37°C under aerobic conditions for 24 to
72  hours. Colonies exhibiting different colony
morphologies were selected and reseeded by drawing
method to obtain pure culture. The purified isolates were
stored at -20 °C in liquid medium containing 15%
glycerol for storage as stock cultures [19]. This approach
provides a baseline for the preliminary identification of
the dominant bacterial species naturally found in
environmental water sources. Isolates were subjected to
preliminary  classification by observing colony
morphology, color, size and margin structure. The pure
cultures obtained were transferred to the next stages to be
used for further molecular analyses [20].

2.4. DNA Preparation Protocol for
Analyses

Molecular

Genomic DNA extraction from pure cultures obtained as
aresult of bacterial isolations was carried out based on the
phenol-chloroform-based classical method described in
the literature [21]. Firstly, the isolates were incubated in
liquid medium overnight and then the cells were
precipitated by centrifugation. The cell pellets obtained
were treated with lysis buffer and cell walls were lysed.
Proteinase K and SDS were applied to remove protein
structures, then DNA was extracted with phenol:
chloroform: isoamyl alcohol (25:24:1). DNA samples
precipitated with isopropanol were washed with 70%
ethanol, dried and dissolved in TE buffer [15]. The purity
and integrity of the DNA were checked by NanoDrop
spectrophotometer and 1% agarose gel electrophoresis
[22, 23]. Suitable samples were stored for further
molecular analysis.
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2.5. 16S rRNA profiling of culture-based isolates

The high purity genomic DNA samples obtained were
subjected to PCR analysis targeting the 16S rRNA gene
region for bacterial species identification. Amplification
was performed using universal primers 27F (5'-AGA
GTT TGA TCC TGG CTC AG-3') and 1492R (5'-GGT
TAC CTT GTT GTT ACG ACT T-3') [24]. The PCR
reaction was prepared in a total volume of 25 pL and
included Taq DNA polymerase, dNTP mix, MgClL,
primers and template DNA. Reactions were run in thermal
cycles using standard temperature cycles and the PCR
products obtained were visualized and verified on a 1%
agarose gel [4]. Cleaned amplicons were sequenced by
Sanger sequencing using a commercial sequencing
service. The sequences were converted to FASTA format
and analyzed by BLASTn searches in the NCBI GenBank
database for species-level identification. Matches with
98% or more similarity were considered for taxonomic
matching.

2.6. Assessment of Molecular Analysis

To reveal the similarities between the bacterial species
isolated in this study, sequences belonging to the 16S
rRNA gene region were amplified by PCR. The sequence
analysis results were organized in FASTA format, and the
closest matching culture reference species were
determined by BLASTn search [25]. Sequences from
environmental or undescribed species were not included
in the evaluation.

2.7. Statistical Analyses
The chemical parameter data obtained in the study were

evaluated in comparison with the drinking water
standards recommended by the World Health

Organization (WHO) [18]. Three repeated measurements
were made for each parameter and mean values were
calculated together with standard deviations. One-sample
t-test was performed on the obtained data to evaluate
whether the measured values showed a statistically
significant difference with the reference limits. The
significance level was accepted as p<0.05. All
calculations were carried out using Microsoft Excel and
IBM SPSS Statistics software and the results were
supported by relevant graphs and tables [26]. This
numerical evaluation aimed to increase the scientific
reliability of both chemical and microbiological results.

3. RESULTS

3.1. General Characteristics of the Sampling Area and
Water Quality Indicators

This study was carried out in a natural water source
located in Azat Village of Kars province and used as
drinking water by the public. The water temperature of the
spring was approximately 35 °C and the pH value was
measured as 7.4. The water is in the neutral pH range and
has natural spring characteristics. In the chemical
analysis, 13 different parameters were evaluated. All of
these parameters such as pH, conductivity, total hardness,
alkalinity, NO2, NOs", NH4*, Al, Pb, SO+ and Cl" were
found to comply with the limit values set by the World
Health Organization for drinking water. However, Fe
(0.32 mg/L) and Cu (2.05 mg/L) levels were slightly
above the limit values (Fe < 0.3, Cu < 2.0). Therefore,
these two parameters were evaluated as “above the limit,
therefore non-compliant”. This can be explained by the
effect of the geological structure through which the water
passes. Overall, the chemical quality of the Azat Village
water source is largely suitable for drinking (Table 1).

Table 1. Mean values, standard deviations, WHO drinking water limit values and compliance status of chemical parameters measured in samples taken

from the Azat Village water source.

Parameter Average Value (X) Standard Deviation (=) | WHO Limit Compliance
pH 7.4 0.1 6.5-85 Compliance
E.C. (mS/cm) 24 0.05 <2.5 Compliance
Total Hardness (mg/L CaCOs) 290.0 10.0 0-500 Compliance
Alkalinity (mg/L) 180.0 8.0 0-200 Compliance
NO: (mg/L) 0.48 0.03 <0.5 Compliance
NO;™ (mg/L) 45.5 1.5 <50 Compliance
NH4* (mg/L) 0.48 0.02 <0.5 Compliance
Fe (mg/L) 0.32 0.01 <0.3 Non-compliant
Al (mg/L) 0.19 0.01 <0.2 Compliance
Cu (mg/L) 2.05 0.04 <2.0 Non-compliant
Pb (mg/L) 0.009 0.002 <0.01 Compliance
SO+ (mg/L) 120.0 4.3 <250 Compliance
CI” (mg/L) 41.0 1.2 <250 Compliance
3.2. Morphological Characterization of Isolates spp.,  Bacillus  subtilis, ~ Corynebacterium  spp.,

The bacteria were isolated from water samples and
analyzed by Gram staining method. In microscopic
analysis, mostly Gram positive rod and cocci form
bacteria were observed (Figure 2 and Table 2). All of
these bacteria are among the non-pathogenic species
commonly found in drinking and environmental waters in
the literature. As a result of the morphological
examinations, bacteria similar to the following were
identified among the identified species: Microbacterium

Lactobacillus spp., Rhodococcus spp., Pseudomonas
putida, Leuconostoc spp. and Aeromonas spp. These
species are described as generally harmless aquatic
bacteria with high environmental tolerance in natural
waters and do not show pathogenicity.
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Figure 2. Gram staining micrographs of isolated bacterial species. (A)
Gram-positive, short rod morphology Microbacterium spp. AZ1 is
characterized by blue-purple stained cell structure. (B) Microscopic
image of a Gram-negative, pink-colored long rod-shaped Pseudomonas
putida AZ6. Both images were taken with immersion oil at 1000x
magnification

3.3.16S rRNA Gene Regions of the Isolates

In order to identify the bacteria isolated in the study at
species level, genomic DNA of each isolate was obtained
following appropriate protocols. Then, the 16S rRNA
gene region was successfully amplified and sequenced
using universal primers (Figure 3). The sequences
obtained were compared with the NCBI GenBank

database and species with 98% or more similarity were
identified (Table 2). According to the molecular
identification results, a total of 8 different species were
identified. The majority of these species are non-
pathogenic bacteria that are frequently encountered as
environmental saprophytes in natural drinking water
sources. These results indicate that the bacteria present in
the water source are largely of environmental origin and
non-pathogenic in character. These molecular level
analyses provided an important overview of the microbial
content of the water.
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Figure 3. Agarose gel image of PCR amplification of the 16S rRNA
gene region of bacteria isolated from water samples from Azat Village.
The bands approximately 1500 bp long were observed in all isolates.

Table 2. Optimum pH and temperature ranges of bacterial species isolated from the Azat Village water source. All isolates grew in the pH range of

7.0-7.5, and temperature tolerances varied among species.

Isolate Identified pH Temperature Range / T,y (°C) Gram Staining Form
AZ1 Microbacterium spp. 7.0-7.5 20-45/37 + Bacilli
AZ2 Bacillus subtilis 7.0-7.5 35-50/40 + Bacilli
AZ3 Corynebacterium spp. 7.0-7.5 20-40/30 + Bacilli (irregular form)
AZ4 Lactobacillus spp. 7.0-7.5 20-45/37 + Bacilli
AZS5 Rhodococcus spp. 7.0-7.5 25-45/37 + Cocco bacil
AZ6 Pseudomonas putida 7.0-7.5 25-45/37 - Bacilli
AZ7 Leuconostoc spp. 7.0-7.5 15-35/30 + Cocci
AZ8 Aeromonas spp. 7.0-7.5 20-42 /35 - Bacilli
AZ9 Bacillus sp. 7.0-7.5 35-50/40 + Bacilli
AZ10 Pseudomonas sp. 7.0-7.5 25-45/37 - Bacilli

3.4. The Chemical Parameters of the Water Samples

The comparative analysis of the chemical parameters of
the water samples taken from Azat Village with the
drinking water limit values determined by the World
Health Organization (WHO) was carried out by one-
sample t-test. Three repeated measurements were taken
for each parameter and statistical validity was tested by
calculating the mean value and standard deviation. The
Total Hardness, expressed as mg/L CaCOs, was found to
be significantly less than the WHO upper limit of 500
mg/L in the cases under concern (p = 0.0004). This

indicates the natural low hardness level of water in the
region but within acceptance. Except for these,
parameters such as pH, conductivity, alkalinity, NO-",
NOs,, NH4, Al Pb, SO+, and CI showed mean values
which were not significantly different from the WHO
limit (p > 0.05). The results imply that, in general, the
chemical composition of the water is safe for drinking
purposes. However, the measured mean values of Fe
(mg/L) and Cu (mg/L) parameters were slightly above the
WHO recommended limit values, and these differences
were found to be statistically significant (p < 0.05).

Table 3. One-sample t-test results for comparing chemical parameters obtained from Azat Village water samples with World Health Organization
(WHO) drinking water standard values. Mean value, standard deviation, reference value, t-statistic, and p-value are given for each parameter, and

significance was assessed at p <0.05.

Parameter Average Standard Deviation WHO Reference t-statistic p-value

pH 7.4 0.1 7.5 0.121 0.9151

Electrical Conductivity (mS/cm) 24 0.05 2.5 -2.41 0.1376
Total Hardness (mg/L CaCOs) 290.0 10.0 500.0 -50.483 0.0004
Alkalinity (mg/L) 180.0 8.0 200.0 -3.675 0.0667

NO:~ (mg/L) 0.48 0.03 0.5 0.964 0.4368

NOs~ (mg/L) 45.5 1.5 50.0 -4.94 0.0386

NH.4* (mg/L) 0.48 0.02 0.5 0.121 0.9151

Fe (mg/L) 0.32 0.01 0.3 7.711 0.0164

Al (mg/L) 0.19 0.01 0.2 0.121 0.9151

Cu (mg/L) 2.05 0.04 2.0 5.813 0.0283

Pb (mg/L) 0.009 0.002 0.01 1.386 0.3001

SO+ (mg/L) 120.0 4.3 250.0 -73.843 0.0002

CI” (mg/L) 41.0 1.2 250.0 -438.024 0.0
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Figure 4. Comparison of average measured values of chemical parameters with the WHO drinking water standards. (A) Total Hardness, Alkalinity,
SO4+*, Cl', and NOs™ concentrations; (B) pH, Electrical Conductivity, NO2", NHa", Fe, Al, and Cu values; (C) Pb levels.

4. DISCUSSION

In this study, a natural water source located in Azat
Village of Kars province and preferred by local people for
drinking and utilization purposes was evaluated
chemically and microbiologically. The results show that
the spring water is safe for drinking to a large extent, but
some parameters have reached limits that require caution.
In this context, the results are important not only for
regional public health but also for shaping rural water
security policies.

From the chemical analyses, 11 out of 13 parameters fell
within the prescribed limits for potable water as per WHO
standards [18]. Thus, water specimens were under
permissible limits for pH, conductivity, total hardness,
alkalinity, nitrite (NOz), nitrate (NOs’), ammonium
(NH4"), aluminum (Al), lead (Pb), sulfate (SO+*), and
chloride (CI"). This indicates that the water in Azat Village
comes from a geologically stable composition and is
insulated from sources of external contamination.
Especially nitrate and ammonium are below the limits,
which means that the source is comparatively protected
from agrarian pollution and livestock effluent [27, 28].

Here is a noteworthy observation: Whereas Fe and Cu
levels were ever so slightly above the WHO limits, the
mean value for iron is 0.32 mg/L against WHO limit of
0.3 mg/L and 2.05 mg/L for copper, while the limit value
was 2.0 mg/L [18]. The one-sample t-test showed that the
differences for both parameters were statistically
significant (p < 0.05). Still, these slight differences
warrant long-term monitoring. This result may be

attributed to the low measurement variations and limited
number of samples. The fact that both parameters were
very close to the limit indicates that they should be
monitored carefully, especially for long-term use. On the
contrary, the solubility of these metals in water might be
associated with the rock structure lying around the source
and some geothermal activity effects [29]. Copper, in
particular, is among the elements that can pass into water
from soils and rocks of volcanic origin [30]. As a result of
microbiological analyses, a total of eight different
bacterial species were isolated by culture-based methods
and identified at molecular level by 16S rRNA gene
sequencing. These bacteria include Microbacterium spp.,
Bacillus spp., Corynebacterium spp., Lactobacillus spp.,
Rhodococcus spp., Pseudomonas spp., Leuconostoc spp.
and Aeromonas spp. All these taxa are delineated in the
scholarly corpus as saprophytic and generally non-

pathogenic microorganisms associated with
environmental aquatic systems [4, 31-34]. These
observations, corroborated by Gram staining and

morphological assessments, suggest that the microbial
quality of the water is at an acceptable standard.
Nevertheless, the identification of opportunistic
pathogenic taxa such as deromonas and Pseudomonas,
even at minimal concentrations, is significant as they may
present a potential hazard for individuals with
compromised immune systems [35-37].

An important contribution that is being made by this study
is the detailed examination of a remote water source
existing in a geologically and climatically unique
geography of Kars, chemically, and microbiologically.
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One thing that the literature report clearly states is that the
number of scientific data on natural water resources in and
around Kars is very limited. Therefore, the product of this
research will help raise awareness among the local people
in the context of water safety, hygiene, and public health,
apart from providing scientific input to local governments
for preparing monitoring and improvement strategies. On
the other hand, the study also faces some constraints. It
remained as a single episode sampling with limited
repetitions. Considering the effects of seasonal
differences on chemical and microbiological parameters,
it is recommended that such studies be repeated
periodically throughout the year in the future. In addition,
revealing a wider microbial diversity through non-culture-
dependent methods such as metagenomic analysis will
provide a more comprehensive perspective on the
microbiological safety of water.

5. CONCLUSIONS

This study evaluated the chemical and microbiological
quality of the natural drinking water source in Azat
Village, Kars province. As a result of the analyses, it was
determined that most chemical parameters were in
compliance with the World Health Organization (WHO)
drinking water standards. However, iron and copper
levels were very close to the limit values and it should be
emphasized that they should be monitored regularly for
long-term use.

A total of eight bacterial species were identified in the
microbiological analyses, most of which were
environmental and non-pathogenic. However, the
presence of some opportunistic species reveals a situation
that needs to be carefully monitored.

In conclusion, although the Azat Village water source is
generally potable, periodic chemical and microbiological
controls are recommended, taking into account seasonal
changes. In the future, more comprehensive microbial
diversity screening with metagenomic analysis will make
important contributions to water safety. In addition, the
data obtained are also instructive for the studies to be
carried out for other natural resources in the region.
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