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Abstract

The study is aimed to evaluate the microbiological quality of water samples obtained from the beaches of the
Munzur and Piiliimiir streams in Tunceli province, during the summer season of 2019. The samples were analyzed for
the fecal indicator bacteria to reveal the bathing water quality of these beaches. The samples were collected from 10
sampling points in the study region between June and September 2019. Fecal streptococci, total coliform, fecal coliform
bacteria were determined the highest in August and the lowest in May and July according to the analysis. The data were
evaluated according to the bathing water quality directive. The bathing water quality was identified as class B for all the
sample points on the beaches. It was found that there was no data exceeded the mandatory value, as per the bathing
water directive. This has been applied for the first time for inland waters. Esinti, Halbori, Kavacik, Kutu Stream, and
Anahita beaches were found to be most suitable for swimming. According to the results obtained, it was determined that
Tunceli city beaches are not polluted in terms of microbial parameters. However, in this study, it is recommended to
carry out regular monitoring and evaluation by using appropriate methods to reduce the microbial load in the Munzur
Stream and Piiliimiir Stream basins.
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Tunceli ili Munzur ve Piiliimiir Cay1 Kent Plajlarinin Mikrobiyolojik
Kalitesinin Degerlendirilmesi ve Halk Saghg: Riskleri

Oz

Tunceli ili Munzur ve Piiliimiir ¢ay1 lizerindeki plajlarinin 2019 yili yaz sezonu boyunca cay sularin numunelerinin
mikrobiyolojik analiz sonuglari fekal indikakator bakteri agisindan uygunlugu degerlendirilmesi ve bu plajlarin yiizme
suyu kalitesinin ortaya konulmasi amaglanmistir. Calisma 2019 yilinda Haziran- Eyliill aylari arasinda Tunceli ili
Piliimiir ve Munzur Caylari iizerinde 10 numune alma noktasindan numunelerinin mikrobiyolojik sonuglart dahil
edilerek veriler ylizme suyu kalitesi yonetmeligine gore degerlendirilmistir. Fekal streptokok, toplam koliform, fekal
koliform bakteri analize gore en yiiksek Agustos ayi, en diisiik ise May1s, Temmuz ayinda tespit edilmistir. Piiliimiir ve
Munzur Cay1 iizerindeki plajlardan alinan tiim numune noktalarindaki yiizme suyu kalite sinifinin B sinifi oldugu
belirlenmistir. ik defa i¢ sularda uygulanan yiizme suyu ilgili ydnetmenligim zorunlu degeri asan veri olmadig1 tespit
edilmistir. Esinti, Halbori, Kavacik, Kutu deresi, Anahita plajlar1 yiizme i¢in en tiim zamanlarda elverisli yiizme
alanlaridir. Elde edilen sonuglara gore Tunceli kent plajlart mikrobiyal parametreler agisindan kirli olmadig
belirlenmistir. Fakat bu ¢alismada Munzur Cay1 ve Piiliimiir ¢ay1 havzasindaki mikrobiyal yiikii azaltmak i¢in uygun
yontemler kullanilarak diizenli izleme ve degerlendirme yapilmasi 6nerilmektedir.

Anahtar Kelimeler: Fekal indikator, mikrobiyal degerlendirme, Tunceli Plajlar

INTRODUCTION

Many water resources worldwide are affected in recent years, the construction of dams has caused
by intense anthropogenic activities (Hering et al., interruptions in the natural flow of the rivers and
2015). These pollution sources can be either point-  disruption of the organic matter cycle and river flow
based or can spread with the flow regime. However, activity (Boehm et al., 2009). The physicochemical
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properties of a river play an important role in the
ecological processes of aquatic ecosystems by
having a direct or indirect effect on the entire
physical habitat (Tamer and Colaker, 2020; Verep et
al., 2019; Wu et al., 2014). In addition, the pollution
load from domestic and agricultural land constitutes
an important factor in river pollution (Hilton et al.,
2006; Mutlu and Verep, 2018). Treatment facilities
for the prevention of this pollution are very costly
and cause a decrease in biological diversity, leading
to the dominance of single species (Binzer et al.,
2016).

In recent years, there has been a gradual
increase in recreational water activities around the
world. Water-based recreational activities such as
swimming, rafting, underwater diving, jet-skiing
water skiing, and canoeing are becoming
increasingly common in countries like Turkey,
which is rich in water resources. However, these
anthropogenic activities are also affecting freshwater
resources (Hering et al., 2006). The lotic ecosystems
present in the freshwater bodies are most vulnerable
to pollution due to transportation of industrial and
municipal wastewater and agricultural runoff
(Ammar et al., 2015; Baran et al., 2016). In addition,
the residential settlements around rivers and streams
directly affect the quality of water. Many
environmental factors like the discharge of mine
waste leachate, agricultural irrigation, sewage, and
other wastes lead to heavy metal pollution in water
bodies. Studies have shown that swimming and
recreational activities in polluted waters can increase
the likelihood of eye and ear infections,
gastrointestinal and respiratory tract diseases (Yasar,
2019; Wade et al., 2006; Wiedenmann et al., 2006;
Whitmann et al., 2014). Many countries have
imposed legal regulations for recreational activities
to protect public health. In this context, the “Bathing
Water Directive” was published in Turkey in the
official gazette number 26048 (76/160/EU) on 9™
January 2006. This directive aims at determining the
water quality for swimming and recreational
purposes and preventing water contamination from
microbiological pollutants. According to the
directive, regular samples are collected from the
bathing water by the Ministry of Health to analyze
the chemical and fecal indicator bacteria levels, and
to determine the quality classification of the bathing
water (Bonilla et al., 2007).
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The present study aims to determine the conformity
of the microbiological analysis of the beach water
samples collected during the summer season of
2019-2020 in Tunceli province. To evaluate the
bathing water quality of these beaches, the samples
were tested in terms of fecal indicator bacteria (FIB)
levels.

MATERIAL and METHODS

The Munzur Stream, originates from the
Munzur Mountains and flows rapidly southward
through deep and narrow valleys in the Ovacik
district. It collects water from other streams such as
Havacor, Samusagi, Mamusagi, Kabusagi,
Nanikusagi, Hagili, Mercan, Merho, Saritas, Lac,
Kalan and iksor. It then merges with the Piiliimiir
Stream in the center of Tunceli and flows southward
into the Uzungayir Reservoir and then into Keban
Reservoir (URL-1, 2016).

This station selection should represent the
microbiological quality of the site. This means that
the entire area is represented in exposure to potential
contaminants that are homogeneous. Monitoring
point:It should be as easily accessible as possible
(easy to monitor and find) for the personnel taking
the sample. This means that it must be several
meters from the Beach (includes waves or swimmers
having an effect on the precipitation of suspensions).
Must be in water at least 1 meter deep. Samples
should be taken from the same spot at regular
intervals and at regular times, and should be
monitored in a statistically representative manner.
According to the regulation, these samples should be
taken twice a month, that is, once every 15 days. It
can be taken 3 days before or 3 days after this 15
day period. Samples should be taken at a depth of
0.3 m from the water surface. The sample should be
taken from a depth of at least 1 m and 30 cm below
the water surface to be as representative of
swimming conditions as possible. The sample to be
taken from the river should be taken from the front
of the stream. Sampling requires excellent hygienic
conditions to avoid any external contamination. For
this reason, hands should be washed before sampling
and tools and equipment that will come into contact
with water should be cleaned before use. Tools and
equipment must be purposeful. Robust and
lightweight containers should be used to make tools
and equipment easier to transport and keep clean.
Except for the bottles, the instrument equipment
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does not need to be subjected to a complete
sterilization process (hand contact with the bottle
mouths should be avoided). It is recommended that
the sampling container be opened and closed directly
in water whenever possibleln this study, water
samples were collected from six stations on Munzur
Stream (Dersim 1 st, Esinti 2 st, Kemerbel 3 st,
Miskisah 4 st, Halbori 5 st, Anahita 6 st) and four
stations on Piiliimiir Stream (Margik 7st, kavacik 8
st, Sinan 9 st, Kutuderesi 10 st) (Figure 1). Tunceli
province is the only place in Turkey that has a
swimming area in the rivers. In 2019, ninety
microbiological samples were collected from 10
sampling points in Munzur and Piiliimiir Streams
from June to September. The data were evaluated
according to the “Bathing Water Directive” (Table
1). The quality classification of beach water is
shown in Table 2 (Anonymous, 2006; Anonymous,
2008).

Microbiological analyzes were carried out in
the laboratory of Erzurum provincial health
directorate. For microbiological examination, the
samples were brought to the laboratory by cold
chain within 24 hours and analyzes were carried out
at room temperature. In the examination of the
samples; Membrane Filter Method, which is
accepted and recommended all over the world, and
which is frequently applied in our country, is used.
Filtration was carried out using 0.45 pm filters in the
Millipore membrane filter assembly. Membrane
filters, on which the sample was passed, were placed
on the appropriate media used to distinguish each
microorganism after the filtration process. Finally,
the petri dishes were closed and placed in the oven
upside down. After the petri dishes placed in the
oven for each microorganism species were incubated
at the required temperatures (35-37-41-44.5 °C), the
colonies were counted. The media were obtained
from Sigma-Aldrich/Merck KGaA in accordance
with microbiological analysis standards. Lauryl
tryptose broth-Brilliant green lactose broth, mFC
(m-Fecal Coliform) agar, Slanetz-Bartley ready-
made media were used to determine the total
coliform, Fecal coliform, Fecal streptococcus and
Salmonella numbers, respectively. Total coliform,
fecal coliform and streptococcus were analyzed in
accordance with SM 9221 B, SM 9222 D, SM 9230
C standards (APHA-AWWA-WEF 2005) . One way
anova was applied in the sample data MINITAB
program.
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RESULT

The microbiological analysis of the sampling
point on Dersim Beach showed the lowest value for
Total coliform (200 cfu100 ml™) in the first week of
July. The highest value of 3500 cful00 mL™* was
observed in the first week of August (Figure 2). In
the fecal coliform bacteria analysis, the highest
value was observed as 1250 cfu100 mL™ in the first
week of August. The lowest fecal coliform value
was found to be 200 cfu 100 mlIin July first week
(Figure 3). In the fecal Streptococcus bacteria
analysis of Dersim Beach samples, the highest value
was found to be 280 cfu 100 ml™in the last week of
August. The lowest value was observed as 110 cfu
100 mltin May (Figure 4).

The microbiological analysis of samples from
Esinti Beach showed the lowest value of 100 cfu 100
ml*for TC in September last week. The highest
value of 2400 cfu 100 ml*was measured in the last
week of August (Figure 2). The FC analysis depicted
the highest value as 400 cfu 100 mlin the last week
of August. The lowest FC value was found to be 100
cfu 100 mltin September last week (Figure 3). As
per the analysis of FS bacteria on Esinti Beach
samples, the highest value was determined as 240
cfu 100 mltin the last week of August. The lowest
value was determined as 25 cfu 100 mlin
September last week (Figure 4).

Analysis of samples from Halbori Beach
indicated the lowest TC (10 cfu 100 mI™) value in
the first week of August. The highest TC value
(3000 cfu100 ml™?) was observed in the first week of
July (Figure 2). The FC analysis showed the highest
value as 450 cfu 100 ml™in the first week of July,
and the lowest value (100 cfu100 mI™) in September
last week (Figure 3). Analysis on FS bacteria
Halbori Beach samples showed the highest bacterial
value (450 cfu100 mI™® in the first week of July. On
the contrary, the lowest value was found to be 10 cfu
100 mlin the last week of September (Figure 4).

In the case of samples collected from Kavacik
Restaurant Beach, the lowest TC value (200 cfu 100
ml™) was observed in the first week of August and
the highest value (3100 cfu 100 ml™) was measured
in May (Figure 2). According to the FC analysis, the
highest value was determined as 390 cfu 100 mlin
July last week and the lowest value (60 cfu100 mI™)
in August last week (Figure 3). The highest FS
bacteria value was determined as 450 cfu 100 ml™in
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the first week of July and the lowest (10 cfu/100
mL) in the last week of September (Figure 4).

With Sinan Beach samples, the lowest TC (150
cfu100 ml™*) was measured in July last week, and the
highest value (3500 cfu100 ml*) was found in May
(Figure 2). The results of FC analysis showed the
highest value of 430 cfu 100 mlIin the last week of
July. The lowest FC value was found to be 50 cfu
100 ml™in the first week of August (Figure 3). The
FS analysis of Kavacik Restaurant Beach samples
indicated the highest value of 250 cfu 100 ml*and
lowest value of 30 cfu 100 mltin the last week of
July (Figure 4).

Kemerbel Beach samples depicted the lowest
TC value of 170 cfu 100 mltin September and the
highest value of 2600 cfu 100 mltin August last
week (Figure 2). As per the FC analysis, the highest
value was determined as 430 cfu 100 ml?and the
lowest value as 90 cfu 100 ml™in the last week of
July (Figure 3). The highest FS value was
determined as 260 cfu 100 ml™tin July last week;
whereas the lowest FS value was found to be 26 cfu
100 mI1September last week (Figure 4).

From the analysis of Kutuderesi Beach samples,
the lowest TC value was found to be 320 cfu 100 mI°
Lin the first week of September. The highest value of
3200 cfu 100 ml*was measured in May (Figure 2).
According to the analysis of FC bacteria, the highest
value was observed as 490 cfu 100 ml™in June and
the lowest value of 80 cfu 100 ml™in July last
week(Figure 3). The highest value of FS bacteria
(490 cfu100 ml™t) was observed in July last week,
and the lowest value (19 cfu100 ml™?) in September
last week (Figure 4).

Samples from Marcik Beach showed the lowest
TC value of 180 cfu 100 ml™in the last week of July.
The highest TC value was measured as 3300 cfu 100
ml?in May (Figure 2). The FS analysis revealed the
highest value as 400 cfu 100 mltin May and the
lowest value as 70 cfu 100 ml™in the last week of
July (Figure 3). The FS value was found to be
highest in May (230 cfu100 ml?) and lowest (32
cfu100 ml™) in the first week of August (Figure 4).

For Miskisah Beach samples, the TC value was
lowest in the last week of July (27 cfu/100 ml) and
highest (2500 cful00 ml?) in the last week of
August (Figure 2). The highest FC value was noted
as 420 cfu 100 ml™in the last week of August. The
lowest FC value was found to be 27 c¢fu 100 mlin
the last week of July (Figure 3). The FS values were
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found to be highest (250 cfu100 ml™) in August last
week and lowest (30 cfu100 ml™) in July last week
(Figure 4).

The samples from Anahita Beach exhibited the
lowest TC value of 20 cfu 100 mI™in June first week
and the highest value 3500 cfu100 ml™) in the last
week (Figure 2). The FC value was determined as
highest (870 cfu100 mlI™) in the last week of August
and lowest (20 cfu100 ml™?) in the first week of June
(Figure 3). The highest FS value was observed as
480 cfu 100 ml?in the last week of August, whereas
the lowest value was determined as 20 cfu 100 mlI°
lin May (Figure 4).

The analysis was carried out on each
microorganism at ten different sampling points. The
values were averaged for May, June, July, August,
and September (2019) (Table 3).

According to the monitoring results obtained in
2019, ten swimming areas were categorized as Class
B (100%). There were no swimming areas classified
as A, C,or Din 2019 (Tablo 4).

DISCUSSIONS

The province of Tunceli is among the provinces
where wastes are considered a problem with priority
(T.E.ILP.R, 2017). Coliform bacteria are commonly
used bacterial markers to measure water pollution.
Although this type of bacteria does not directly
cause diseases, some types of microorganisms can
have negative effects on human health.

In underdeveloped countries, high levels of
pathogens are found in freshwater basins due to
sewage discharge and livestock enterprises (Celebi,
2018).

Proper management, protection, and correct use
of freshwater are important for life on earth. In this
context, various organizations worldwide need to
follow some legal regulations to protect water. With
the Water Framework Directive (WFD), the
European Union aims to adopt a sustainable water
policy to bring water resources to a good ecological
condition and have a better understanding of water
use. The main purpose of this directive is to protect
the basin-based surface and groundwater to have a
good ecological status by 2015 (Gabriele et al.,
2016). According to WFD, the ecological status can
be attained by examining the structure of the aquatic
ecosystem, analyzing the function of surface waters
based on their classification, and determining their
quality (Fleisher et al., 1998).
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In the present study, the highest number of
coliform groups was recorded in August-September.
Temperature limits affect the development and
distribution of microorganisms in water (Sponza,
2009; Giiven and Zorba, 2013). The coliforms, a
mesophilic (20-45 °C) microorganism, were found
numerically high in the measurements performed in
July. This can be attributed to the fact that warming
of the surface waters takes place in the summer
months. In addition, the feces of animals grazing
around the canal get mixed in the water, leading to a
high coliform number in these months.

Since streams reflect the condition and quality
of the surrounding habitat, stream evaluation
programs should determine the relationships
between water quality and quantity, groundwater
and surface water, and the aquatic organisms that
depend on them. Considering these complex
interactions, the biological assessment is the direct
and most effective method in determining the status
of the streams.
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CONCLUSIONS

In the present study, the bacteriological analysis
of samples collected from the Tunceli swimming
areas was evaluated in 2019. The data used for the
study were obtained by using the "Bathing Water
Monitoring System", published regularly on the
website of the Ministry of Health. In this study,
samples belonging to ten sampling points on the
coast of Piliimiir and Ovacik districts of Tunceli
province were collected for the microbiological
analysis. The selected stations are in serious danger
due to the uncontrolled mixing of domestic and
animal wastes into the water. The most important
tourism time in our country is considered to be
summer. During the tourism period in the region, an
increase in bacteria has been observed in parallel
with the population density. Necessary measures
should be taken to prevent risk to public health in
the future.
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Table 1. Criteria for fecal indicator bacteria according to the Bathing Water Quality Regulation

Parameters

Guide Values (kob/100 ml)

Mandatory values (kob/100

Total Coliform (TC)
Fecal Coliform (FC)

Fecal Streptokok (FS)

500 (2015 year)
100 (2015 year)

100

10000
2000
1000

Table 2. Bathing water quality classification

1500

1000

Cl Quality
A Excellent At least 80% of the results for TC and FC are below the guideline value
B Good At least 95% of results below the mandatory value for TK, FK, and FS
C Bad 5% to 33% of results are above the required value
D Forbidden More than 33% of results are above the required value
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Figure 2 Monthly distribution of total coliform bacteria levels at sampling points in 2019
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Table 3. Monthly distribution of bacteriological analysis of beach water at Tunceli in 2019

Months Total Coliform (TC)* Fecal Coliform (FC)* | Fecal Streptococci (FS)*
May 1895.78.5(50 —3500) 244.8 (50-430) 130.6 (16-250)
June 1336.2(220-3500) 273.1(180-500) 140(80-230)
July 746(17-3000) 207.5(17-450) 128.6(15-270)
August 1295.2(10-3500) 291.2(10-1250) 140.6(10-480)
September 847(100-3500) 330(100-650) 114.2(19-210)
Total 1125.5(10-3500) 270.3(10-1250) 131.3(10-480)
Table 4. Annual Classification Report of 2019
Total Total Total Total Total
Year Monitored | Total TC|FC|FS|n % n % n % ni| %
2019 Tunceli 10 90 {90 |90 | O 0 10 | 100 | O 0 00
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