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Abstract: Gelevera Creek was chosen as the sample area in this study, which aims to detect antibiotic and
heavy metal resistance in water resources that threaten human, animal and ecosystem health on a global scale.
For this purpose, surface water and sediment were collected monthly from four different stations starting from
April 2017 and ending in March 2018. After the Gr (-) and Gr (+) bacteria isolation in selective media, the
325 isolated were tested for their resistance against 4 different heavy metals. The resistance levels of these
bacteria against to cadmium, copper, lead and manganese resistance were detected respectively as 89%,
60.16%, 33%, 29.8% (Cd > Cu > Pb > Mn). The 82 isolates with high resistance against heavy metals in each
station were also tested for their resistance against antibiotics. The levels of resistance against antibiotics of
these isolated strains were found respectively as follows: cefazolin: 69.6%, cefuroxime: 59.4%, nalidixic acid:
51.7%, ampicillin: 46%, cefotaxime: 39.1%, meropenem: 31.4%, amikacin: 21.7%, erythromycin: 13%, and
chloramphenicol: 3.3%. In our study, two isolates with high antibiotic and heavy metal, using the Vitek-II
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Giresun University, , Natural Sciences Furthermore, the multiple antibiotic resistance levels (MAR) of all isolates are 80,5%. The results indicate
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contamination in drinking water reserves.

Keywords: Antibiotic, Gelevera Creek, Giresun, Heavy Metal, Resistance.

Su Kaynaklarinda Antibiyotik ve Agir Metal Direncinin Kiiresel Sorunu:
Gelevera Deresi’nin Incelemesi (Giresun, Tiirkiye)

Oz: Kiiresel boyutta mevcut olan, insan, hayvan ve ekosistem sagligim tehdit eden antibiyotik ve agir metal
direncinin su kaynaklarinda tespitinin amag¢ edinildigi bu ¢alismada Ornek alan olarak Gelevera Deresi
secilmistir. Buamagla, Gelevera Deresi'ndeki dort istasyondan alinan yiizey suyu ve sediment drnekleri Nisan
2017-Mart 2018’a kadar aylik olarak toplanmustir. Segici bir sekilde Gr (-) ve Gr (+) bakteri izolasyonun
ardindan izole edilmis olan 325 bakterinin 4 farkli agir metale kars1 direng diizeyleri tespit edilmistir. Bu
izolatlarin kadminyum, bakir, kursun ve manganese karsi direng diizeyleri % ifadesiyle sirasiyla; %89;
%60,16; %33; %29,8 (Cd >Cu >Pb >Mn) olarak tespit edilmistir. Her bir istasyonda agir metal direng
diizeyleri yiiksek olan izolatlarin ilaveten antibiyotik direng diizeyleri de saptanmustir. izole edilen bu suslarimn
antibiyotik direng diizeyleri sirastyla; sefazolin: %69,6, sefuroksim: %59,4, nalidiksik asit: %51,7, amfisilin:

;ii;lgf?s'?gazari %46, sefotaksim: %39,1, meropenem: %31,4, amikasin: %21,7, eritromisin: %13 ve kloramfenikol: %3,3
Giresun Universitesi. Fen Bilimleri Enstitiisii olarak saptanmustir. Arastl_rr_namlzfia antibiyotilf ve agir metal direng diizeyi yiiksek olan _iki izolat Vitek-II
Biyoloji Anabilim D’ah’ Giresun, Tiirkiye ’ Kompakt Sistem ile identifiye edilerek Serratia marcencens (%99) ve Enterococcus avium (%91) olarak
B<: hknbiyoo@gmail.com tammlanmustir. Ayrica ylizey suyu ornegi izolatlarindaki ¢oklu antibiyotik diren¢ degeri (CAD) oraninin

%80,5” oldugu belirlenmistir. Sonu¢ olarak bu g¢alismada Gelevera Deresi (Giresun)'nden izole edilen
izolatlarin ticari olarak kullanilan antibiyotiklere ve agir metallere kars1 yiiksek diizeyde direng gosterdigi ve
bu durumun igme suyu kaynaklari lizerinde antibiyotik ve agir metal kirliliginin oldugunu gostermektedir.

Anahtar kelimeler: Agir Metal, Antibiyotik, Direng, Gelevera Deresi, Giresun.

[*T This study was produced from a master's thesis. Bu ¢alisma yiiksek lisans tezinden iiretilmistir.
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INTRODUCTION

Water, an essential element for organisms to
continue their lives, is one of our most important natural
resources. Water is the most basic compound that is
difficult to replace for life because it contains all the
features related to life in its structure. Deterioration of the
quality or balance of water in an environment for various
reasons also leads to water pollution. It is assumed that
80% of all diseases in the developing world are caused by
a lack of healthy water and cleaning conditions. More than
5 million people die each year from water pollution and
more than half of them are children (Anonymous, 2007).
Pathogenic bacteria, viruses, and parasites are among the
harmful biological factors that can exist in water and
endanger human health (Lawa, 1998). Although the first
thought that awakens in our minds about the cause of
microbiological pollution in the aquatic environments in
question is fecal-based contamination, emergency action
plans have been prepared for the 'Antibiotic Resistance’,
which seems to be the most important problem nowadays,
and 'Antibiotic Resistance' has also been added among the
reasons to make all people more sensitive about this issue.
According to the report published by World Health
Organization, medicine has regressed before the antibiotic
age in the fight against bacteria and that many antibiotics,
most of which are used for therapeutic purposes, do not
work effectively, therefore a great disaster awaits in the rest
of human life (Anonymous, 2014).

Nowadays, resistance is identified as a major
problem in the path of new drug synthesis, reducing
antibiotic resistance is aimportant public health issue in the
world. (Hayder & Aljanaby, 2019). The four main forms of
antibiotic resistance develop as; natural resistance
(intrinsic, structural), the usage of antibiotics is not because
of the resistance but is caused by the bacteria's structural
particulars. (Kadhum & Hasan, 2019). This happen a result
of intrinsic resistance, or microorganism which doesn't
follow the goal antibiotic structure, or antibiotics which
due to its characteristics do not encounter its goal
(Waglechner & Wright, 2017).

Gained resistance; irrespective of resistance
development due to change in the genetic features of
bacteria, an gained because it is not affected by the
antibiotics it was beforehand sensitive to it (Andersson et
al., 2020). The source of this form of resistance generally
comes from the main chromosome or extrachromosomal
structures. (plasmids, transposons, etc.) (Aljanaby &
Aljanaby, 2018).

The main reason for the quick increase in
antibiotic resistance is the unconscious take of antibiotics.
For this reason, a bacterium becomes resistant to the
activity of an antimicrobial drug. As a result of the
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unconscious prescribing of antibiotics and their systematic
application as growth accelerators in animal husbandry,
this has worsened over the past decade (Acharya & Wilson,
2019). On the other hand, aquatic environments have
contributed to the formation of antibiotic-resistant bacteria
in humans and animals, particularly by the fact that
drinking water can be obtained from surface water and
antibiotic-resistant genes can enter non-pathogenic water
bacteria (Akduman et al., 2020; Baquero et al., 2008; Sahin
et al., 2021). The main reason for the growth of antibiotic-
resistant genes in marine and freshwater ecosystems is the
improvement of a long-term resistance reservoir (Di
Cesare et al., 2015).

Heavy metal-resistant bacteria may develop in
aquatic environments due to the presence of metal, mostly
caused by anthropogenic activities and environmental
factors (Altug & Balkis, 2009; Nadimpalli et al., 2020).
Heavy metals can be described as metals with a density
large than 5 g/cm?. Heavy metals are not biodegradable and
are considered an environmental pollutant associated with
potential toxicity. A few important heavy metals such as
iron, nickel, copper, and zinc are necessary for metabolic
reaction and very important as trace elements for
organisms. Other heavy metals, such as silver, cadmium
and mercury, have no biological role in organisms and
harmful effects on them even at very low concentrations
(Alam et al., 2011).

Heavy metals are elements not dissolving
biologically due to their high stability, and therefore they
are environmental pollutants that have settled for a long
time. They arise from the use of anthropogenic sources
such as mines, power plants, smelters as heavy metal
sources, as well as pesticides and fertilizers consisting of
metal and mud (Zhu et al., 2013). In the world heavy metal
pollution is increasing day by day in many developed and
growing countries because of rapid industrialization,
mining activities, discharge of industrial wastes, long-term
use of low-quality water for irrigation, and intensive
agricultural practices (Rizvi et al., 2019). Heavy metal
resistance frequently exists in bacteria exposed to metals in
a variety of habitats and environments. (Pal et al., 2017).
Water pollution caused by heavy metals results in the
spread of integron-like Gene structures, which are
described to play an important role in the development of
multiple resistance to antibiotics (Marinescu et al., 2017).

The first step to being taken to protect the natural
structure of aquatic environments and ensure that water is
healthy and safe for the continuation of the vital activities
of people is to determine the pollution standards and the
factors that will harm the health of living things. For this
reason, this study aims to determine the current antibiotic
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and heavy metal resistance levels of isolates isolated from
Gelevera Stream, one of the freshwater resources used for
agricultural, drinking, and use purposes in Giresun
province located in the Eastern Black Sea Basin, which is
one of the most important basins of our country.

MATERIALS AND METHODS

Study Area: This study was conducted between
April 2017 and March 2018 to determine the heavy metal
and antibiotic resistance level in the bacterial flora of the
Gelevera Stream, located within the borders of the Black
Sea Region Giresun (Figure 1). The other name of
Gelevera Creek is Ozliice Creek. It is fed by the Karadona,
Karaovacik and Cukur creeks that originate from the
Balaban Mountains in the province of Giimiishane, as well
as by streams and rivers with small flow rates. Gelevera
Stream is 14 km away from the coastal part and has an
estimated surface area of 351 km?. The Gelevera Basin,
which has a length of 80 km, is surrounded by Tirebolu,
Giicii and Dogankent districts in the East, Yaglidere Basin
in the West, Black Sea in the North and Kurdiin in the
south. Gelevera Creek passes through the villages of
Sapmaz, Ericek, and Direkbuku and flows into the sea from
the east of Espiye district in Giresun province. It is known
that the flow rate of the water is also fast due to the high
slope of the stream bed. In addition, Gelevera Stream, one
of the most important drinking water resources of Giresun,
is under constant pressure from HEPP for energy
production, domestic wastes, and quarries (Fig.1).

Black Sea Black Sea

g ;’GirESU'n kg

.

Figure 1. Sampling Area (atlas.gov.tr).

Collection of Surface Water Samples: To ensure
the isolation of bacteria, previously sterilized dark glass
sample bottles and water samples were taken in a sterile
manner (250 mL) from 20 cm below the stream surface and
brought to the laboratory within 2 hours after being stored
with cold chain application (APHA, 1992).
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Bacteria Isolation: Gr (+) and Gr (-) bacteria
isolation was performed from 1 mL water sample taken
from surface water samples using the petri dish spreading
technique on Nutrient Agar, PCA Agar, MacConkey Agar,
and EMB Agar by serial dilution in sterile distilled water.
1 gr of the sediment samples was homogenized in 9 ml
sterile water, and a serial dilution up to 107 was prepared
in sterile water and plated. After confirming that the
isolated bacteria are Gr (-) and Gr (+) by Gram staining and
some biochemical tests, stock cultures were prepared in
Plate Count Agar and Nutrient Agar.

Performing Bacterial Identification and
Antibiotic Susceptibility Test: Isolates with high antibiotic
and heavy metal resistance were determined.
Microorganisms were identified by the Vitek-II
(Biomerieux) automatic bacteria identification system. 9
different antimicrobial discs were used (KZ; cefazolin,
CXM; cefuroxime, NA; nalidixic acid, AMP; ampicillin,
CTX; cefotaxime, MEM; meropenem, AK; amikacin, E;
erythromycin and C; chloramphenicol) through the disk
diffusion method (Bauer et al., 1966) for determining
antibiotic resistance profiles of isolated strains. To enrich
the bacteria, it was incubated at 37°C for 24 hours by
sowing with the help of a loop into the LB broth medium.
The incubated samples were placed in Nutrient Agar with
the help of sterilized swabs and antibiotic-impregnated
discs after the surface was dried with a sterile dispenser.
The antibiotic resistance profiles of the bacteria were
determined by measuring the zone diameters formed after
the 24-hour incubation process.

Multiple Antibiotic Resistance Index (MAR):
The multiple antibiotic resistance (MAR) index is
calculated by the ratio of the number of antibiotics to which
the test organisms are resistant to the total number of
antibiotics tested (Ehindimu, 2003). If the isolate has been
heavily exposed to antibiotics of human or animal origin, a
MAR index value is greater than 0.2 results. However, if
the antibiotic was used very rarely or not at all, the MAR
index value is observed to be less than or equal to 0.2
(Krumperman, 1985).

Determination of Heavy Metal Resistance:
Minimal inhibitory concentrations (MIC) of 4 different
heavy metals were calculated for each isolated strain.
Heavy metal resistance of bacteria was determined in
Miiller Hinton Agar medium containing heavy metals Cu*
2, Cd*2, Pb*2 and Mn*2 at concentrations of 100, 200, 400,
800, 1600, and 3200 pg/mL. If the bacterial strain studied
can grow in an environment higher than the MIC of the
control organism, it is considered resistant. E. coli K12
standard strain was used as a control organism according

to (Table 1).
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Table 1. Heavy Metal Resistance Levels of E. coli K12
(Akinbowale et al., 2007).

Heavy Metal Name MIC Value

Cadmium 100 pg/mL

Copper 200 pg/mL

Lead 1600 pg/mL

Manganese 1600 pg/mL
RESULTS

Seasonal change values of heavy metal resistance
levels of Gelevera Stream water and sediment samples
according to stations; the heavy metal resistivity numbers
of 77 isolates were isolated from the first station were
determined as Cd: 60, Cu: 35, Mn: 7, and Pb: 7,
respectively. Resistant isolates as a percentage were
determined as Cd: 77.9, Cu: 45.5, Mn: 9.1, and Pb: 9.1,
respectively. Also, 81 isolates isolated from the second
station were determined as Cd: 71, Cu: 55, Mn: 17, and Pb:
12, respectively. As a percentage, the number of resistant
isolates was determined as Cd: 87.7, Cu: 67.9, Mn: 21, and
Pb: 14.8, respectively. Likely, the heavy metal resistance
numbers of 84 isolates from the third station are as follows;
Cd: 66, Cu: 56, Mn: 10, and Pb: 9. As a percentage, the
number of resistant isolates was determined as Cd: 78.6,
Cu: 66.7, Mn: 11.9, and Pb: 10.7, respectively. And, the
heavy metal resistance levels of 83 isolates from the fourth
station are as follows; Cd: 66, Cu: 60, Mn: 14, and Pb: 14.
Resistant isolates as a percentage were determined as Cd:
79.5, Cu: 72.3, Mn: 16.9, and Pb: 16.9, respectively (Fig.
2).

Heavy Metal Resistant Isolate

1. Station 2. Station 3. Station 4. Station
mCd “Cu mMn mPb

Figure 2. Stational changes value of heavy metal resistance
levels.

Seasonal change values of the antibiotic resistance
levels of Gelevera Creek water and sediment samples
according to stations; antibiotic resistance levels of 11
isolates with high heavy metal resistance at the First
Station were determined as follows: KZ: 81.8%, CXM:
63.3%, NA: 54.5%, AMP: 54.5%, MEM: 36.4%, CTX:
33.3%, AK: 18.2%, and E: 9.1%. Also, all isolates were
determined of chloramphenicol sensitivity. Heavy metal
resistance numbers of isolates with antibiotic resistance
were determined as Cd: 11, Cu: 5, Mn: 3, and Pb: 2,
respectively. Resistant isolates as a percentage were
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determined as Cd: 100 Cu: 45.5 Mn: 27.3 and Pb: 18.2,
respectively. Also, antibiotic resistance levels of 33
isolates with high heavy metal resistance in the Second
Station were determined as follows: KZ: 54.5%, NA:
51.5%, AMP: 45.5%, CXM: 42.4%, CTX: 24%, 2, M:
21.2%, AK: 21.2%, MEM: 15.2%, and C: 3%. Heavy metal
resistance numbers of isolates with antibiotic resistance
were determined as Cd: 29, Cu: 25, Mn: 15, and Pb: 10,
respectively. Resistant isolates as a percentage were
determined as Cd: 87.9, Cu: 75.8, Mn: 45.5, and Pb: 30.3,
respectively. Likely, antibiotic resistance levels of 18
isolates with high heavy metal resistance at the Third
Station were as follows: KZ: 72.2%, CXM: 66.7%, NA:
55.6%, AMP: 38.9%, CTX: 38.9%, MEM: 38.9%, AK:
22.2%, E: 16.7%, and C: 3% Heavy metal resistance
numbers of isolates with antibiotic resistance were
determined as Cd: 15, Cu: 8, Pb: 7 and Mn: 3, respectively.
Resistant isolates as a percentage were determined as Cd:
83.3, Cu: 44.4, Pb: 38.9, and Mn: 16.7, respectively. And,
antibiotic resistance levels of 20 isolates with high heavy
metal resistance at Station Four are KZ: 70%, CXM: 65%,
CTX: 60%, AMP: 45.9%, NA: 45%, MEM: 35%, AK:
25%. C: 10% and E: 5%. Heavy metal resistance numbers
of isolates with antibiotic resistance were determined as
Cd: 17, Cu: 15, Pb: 9, and Mn: 6, respectively. Resistant
isolates as a percentage were determined as Cd: 85, Cu: 75,
Ph: 45, and Mn: 30, respectively.

CmE mAK CTX " MEM mAMP mNA uCXM mKZ

4. Station

3. Station

2. Station

1. Station

0% 20% 40% 60% 80% 100%

Figure 3. Stational changes value of antibiotic levels (%).

E |
AK
MEM
CTX
AMP
NA
CXM
Kz

0% 20% 40% 60% 80%

Antibiotics

Figure 4. Antibiotic Resistance Levels (%).
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During the study, resistance to at least 2
antibiotics was detected in 66 of the 82 isolates isolated and
it was determined that 80.5% of the MAR Index reference
range was exceeded (Table 2).

Table 2. MAR index value results of the isolates.

Number of antibiotics 9 8 7 6 5 4 3 2 1 0
Number of resistant isolates 1 0 0 6 16 15 16 12 10 6
MAR>0.2 N=82 66 (%80.5)

DISCUSSION and CONCLUSION

When we look at the findings of the studies on
antibiotic and heavy metal resistance levels of bacteria
isolated from water resources worldwide, India, West
Bengal, Kolkata, Dhapa, isolated from municipal waste
Bacillus sp. heavy metal tolerant and antibiotic-resistant
microorganisms were detected. In the presence of Cd*?>
Cr*6> Ni*2> Co*? metals, respectively, the resistance ratios
and antibiotic resistance of the isolates are determined by
many factors such as kanamycin (30 pg / disk), ampicillin
(25 pg/ disk) and methicillin (5 pg / disk). It has also been
observed to be resistant to antibiotics (Samanta et al.,
2012). Resistant bacteria were investigated in sediment and
seawater samples taken from the Aegean Sea between 2011
and 2013. All bacteria isolated from sediment samples
showed 100% resistance to rifampicin, sulfonamide,
tetracycline and ampicillin. It was noted that 98% of
bacteria were resistant to nitrofurantoin  and
oxytetracycline, and bacteria isolated from sediment had
higher antibiotic and heavy metal resistance than seawater
samples. Among the isolates, the highest bacterial metal
resistance was reported as 58.3% against copper, 33.8%
against zinc, 32.1% against lead, 31% against chromium
and 25.2% against iron (Altug et al., 2020).

Antibiotic and heavy metal resistance of bacteria
isolated from different wastewater contaminated areas in
Bucharest and its surroundings in Romania are 40%
resistant to amoxicillin-clavulanic acid, 30% to cefazolin
and tetracycline, 25% were resistant to cefoxitin and
ceftazidime, 20% to ceftriaxone and sulfamethoxazole,
that 15% were resistant to aztreonam, ciprofloxacin,
piperacillin and imipenem, 10% to tobramycin and 5% to
cefotaxime and amikacin respectively. It has been
determined that 15% of the heavy metal resistance ratio of
the isolates are resistant to mercury, 40% to copper, 75%
to chromium and 80% to zinc, and 100% of all isolates are
resistant to cadmium and aluminum (Marinescu et al.,
2017). Antibiogram test of P. shigelloides (n = 182)
isolated from 3 rivers of South Africa was performed. In
this study, freshwater P. shigelloides isolates were tested
against 24 antibiotics and it was determined that they have
multiple resistance against cephalosporins, quinolones, and
fluoroquinolones. 13 EUCAST (ERA) and 11 non-
recommended antibiotics (NA), used as first-line agents in

386

J. Anatolian Env. and Anim. Sciences, Year:6, No:3, (382-389), 2021

the treatment of gastroenteritis and extraintestinal
infections, were tested. Resistance to ERAs cefoxitin
37.9%, cefuroxime 35.1%, cefepime 31.8%, ceftriaxone
29.6%, ciprofloxacin 18.1%, trimethoprim-
sulfamethoxazole 10.4%, piperacillin 8.7%, ertapenem
4.9%, norfloxacin 4.4%, levofloxacin 2.7%, meropenem
1.1% and imipenem 0.5%. Although isolates have higher
resistance (>36.07) to NA's, it has been reported that they
are susceptible to amikacin 67.5%, gentamicin 73%, and
tetracycline 80.7% (Ekundayo & Okoh, 2020). In their
study aiming to determine the antibiotic and heavy metal
resistance of S. aureus associated with animal husbandry,
which was first isolated from South African livestock
production systems, heavy metal resistance is determined
as cadmium 90%, zinc 88%, lead 86%, and copper 84%.
When antibiotic resistance was examined, it was reported
that 90.8% of the S. aureus isolates were resistant to at least
three antibiotics and therefore were classified as multidrug-
resistant and 98% of the tested isolates were resistant to
penicillin G (Dweba et al., 2019). Compared to the findings
of the studies carried out, the findings in our study have
some similarities in terms of the isolates in the antibiotic
and heavy metal resistance levels. Exposure to antibiotic-
resistant bacteria poses a public health problem as it is
directly linked to disease management. There can be
several ways of dealing with resistant bacteria. Hospital
and city wastewater appear to play an important role in
spreading bacteria and antibiotic resistance genes to our
environment (Aali et al., 2014).

In terms of determining sea fish 134 isolated
Enterobacteriaceae antibiotics and heavy metal resistance
levels, the findings indicated that antibiotic resistance
levels of; erythromycin: 85%, cefazolin: 79.8%,
cefotaxime: 78.3%, cefuroxime axetil: 71.6%, nalidixic
acid: 60.4%, ampicillin: 58.9%, amikacin: 53.7%,
tetracycline: 47.7% and streptomycin: 17.9%. In addition,
it was determined that the rate of isolates exceeding the
CAA reference value was 88% and the isolates had a high
level of heavy metal resistance (Sipahi et al., 2013). Fecal
bacterial density and resistance to antibiotics of a total of
232 Gram-negative bacteria isolated in Kiiciikcekmece
Lagoon (Istanbul) are as follows: ampicillin 76.3%,
amoxicillin-clavulanic acid 36.9%, streptomycin 20.7%,
nalidixic acid, and tetracycline 16.8%, ceftazidime 16.4%,
chloramphenicol 9.4%, imipenem 6.8% and amikacin
6.4% (Sivri et al., 2012). In another study, similar results
were acquired by Mercimek Takci et al., (2021) who stated
that MAR and MHMR index of 21 E. coli strains isolated
from Seve Dam and Konak Pond, Kilis were recorded as
0.187 and 0.202, respectively. Resistance rates of
Enterobacteriaceae isolates isolated from Batlama Creek
(Giresun) are reported as follows: ampicillin: 75%,
erythromycin: 64%, nalidixic acid: 48%, tetracycline:
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39%, amikacin: 34%, cefazolin and chloramphenicol:
33%, cefuroxime: 32%, and cefotaxime: 23%. In the study,
it was reported that 77% of the isolates exceeded the MAR
reference limit and two isolates were resistant to all
antibiotics tested (Akkan, 2017).

Antibiotic resistance profiles were determined as
amoxicillin 77.5%, ampicillin 100%, cefazolin 65%, and
cefoxitin 65% in isolates isolated from 6 different drinking
water sources open to the public in Kilis (Sahin, 2018).
Current antibiotic resistance development of E. coli
isolated from different stations seasonally for 1 year from
the central Batlama Creek of Giresun has been determined
as follows: ampicillin 59%, tetracycline 50.8%, nalidixic
acid 44.4%, erythromycin 42.9%, chloramphenicol 38.1%,
cefazolin 36%, cefuroxime 35.9%, cefotaxime 28.4%. The
ratio of multiple antibiotic resistance values (MAR) was
reported as 73.28% (Topkaraoglu, 2018). In the study
conducted to determine the frequency of antibiotic and
heavy metal resistance from water samples taken from
Lake Sapanca between 2008 and 2010, the highest
bacterial resistance among 84 isolates was found to be
90.4% to vancomycin, 88.1% to ampicillin, and 64,2% to
amoxicillin-clavulanate. When the resistance was
examined, rates varying between 10.7% and 59.5% were
found against cefuroxime, kanamycin, aztreonam,
ceftazidime, cefotaxime, and oxacillin. In terms of heavy
metal ions, the highest frequency was recorded as 74.1%
against nickel; and heavy metal resistance against copper,
zinc, mercury, and cadmium were 52.3%, 46.4%, 33.3%,
and 26.1%, respectively (Tiiretken et al., 2019).

The resistance levels of 325 bacteria against 4
different heavy metals were determined after the selective
isolation of Gr (-) and Gr (+) bacteria. Resistance levels of
325 bacteria isolated in total to Cd, Cu, Pb and Mn heavy
metals were determined as 89.0%, 60.16%, 33.0%, 29.8%
(Cd> Cu> Pb> Mn), respectively. In addition, antibiotic
resistance levels of the isolates with high heavy metal
resistance levels were determined at each station. The 82
isolates with high resistance against heavy metals,
antibiotic resistance levels of these isolated strains are as
follows: cefazolin: 69.6%, cefuroxime: 59.4%, nalidixic
acid: 51.7%, ampicillin: 46.0%, cefotaxime: 39.1%,
meropenem: 31.4%, amikacin: 21.7%, erythromycin:
13.0%, and chloramphenicol: 3.3%. In our study, two
isolates with high antibiotic and heavy metal isolate no 55
and 642 showing high resistance were identified by Vitek-
Il Compact System and defined as Serratia marcescent
(99%) and Enterococcus avium (91%). In addition, the rate
of multiple antibiotic resistance values (MAR) in surface
water sample isolates is 80.5%. As a characteristic member
of the Enterobacteriaceae family and supplementary to its
competence for survival, S. marcescens characteristically
exhibitions a tendency to express antimicrobial resistance.
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S. marcescens are uniformly resistant to a great range of
antibiotics involving narrow-spectrum-penicillins and
cephalosporins, cefuroxime, cephamycins, macrolides,
tetracycline, nitrofurantoin, and colistin (Stock et al.,
2003). The region around the Sangam region of Allahabad,
Uttar Pradesh, India has shown a large variety of
microorganisms out of which S. marcescens has shown
significant antibiotic and heavy metal resistant patterns. To
survive these metal stressed terms, microorganisms have
developed to withstand the uptake of heavy metal ions.
(Nies and Silver, 1995). S. marcescens is ubiquitous and
can be found in water, soil, plants, insects, and animals
(Abbott, 1999). Distinct strains of Serratia have shown
different resistant patterns suggestive of plasmid-borne
transfer of resistant genes or pump effluxing systems. But
it has been proposed that increasing antibiotic resistance of
Gram-negative bacteria is primarily because of mobile
genes on plasmids that can easily travel through bacterial
populations (Kumarasamy et al., 2010).

In conclusion, this study shows that isolates taken
from Gelevera Creek (Giresun) have high resistance to
commercially used antibiotics and heavy metals, and this
suggests that there is antibiotic and heavy metal pollution
on drinking water sources. When compared to the studies
in the literature, it is concluded that the antibiotic and
heavy metal resistance levels of the bacteria isolated from
the Gelevera Course are at a considerable level and the
current situation must be checked with a regular
monitoring program.
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