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Abstract: An experiment was designed to examine microbiology of water samples of Gölbasi lake and to assess the occurence of multiple

antibiotic resistances in Escherichia coli from them. Total aerobic bacteria number in the lake was determined as 20x103 cfu ml-1and fecal

coliforms were determined >1100 MPN/100ml. Collected water samples from four geographically dispersed stations were screened for the

E.coli and assessed for their resistance to twelve different antibiotics, which are commonly encountered in the lake. Of the total 13 E.coli

isolates, 0% were susceptible to all antibiotics. All of isolates were found resistant to Penicillin (P) (100%). Among the twelve antibiotics

tested, four patterns of antibiotic resistance were obtained and all of them were multiple antibiotic resistance with the number of antibiotics

ranging from 2 to 5. Three isolates had beta-lactamase detected by iodometric slide test. The results indicated that persistent use of

antibiotics against human diseases and other life forms may pollute the lake water and their impact on developing antibiotic resistant E.coli

may be a serious threat in both health and environment.
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Introduction

In all known forms of life continuation, water is an essential

substance of the natural sources. The spoilages of the  water

quality and water’s natural balance in its environment are known

as water pollution (Akman et al., 2000). The aquatic ecosystem

consists of several components which are directly or indirectly

affected by pollution (Kosygin et al., 2007). The pollution of a

particular water body can always be linked to an industry,

sewage or agricultural run off (Subramanyam and Sambamurty,

2006; Sathware et al., 2007). Before operating the water

refinement facilities in some developed or developing countries,

many rivers are being used as a place to discharge urban

wastewater. Wastewater is a source of serious public health

problems because it contains pathogenic bacteria and toxic

substances (Toroglu et al., 2006).

Antibiotic resistance among bacteria is a worldwide

problem. The emergence of bacteria resistant to most of the

commonly used antibiotics/drugs is of considerable medical

significance (Khan and Malik, 2001; Leeja and Thoppil, 2007)

because of the public health implications (Lateef et al., 2005).

Industrialization and man’s activities have partially or totally turned

our environment to dumping sites for waste materials. As a result,

many water resources have been rendered unwholesome and

hazardous to man and other living systems (Bakare et al., 2003

Achudume and Olawale, 2007).

In developing countries, pollution of the surface and

underground water by liquid and solid wastes is widespread, thereby

rendering them unsuitable for man’s use (Dincer et al., 2001; Toroglu

et al., 2005). With the development of the urban, the necessity of the

water usage and obtaining the clean water showed up as a major

problem in Gölbasi from Turkey.

Lake’s water and natural sources due to rapid ascending

population, developing technology, the domestic and agricultural

pollutions are under considerable threat. The aim of the present

study is (1) to investigate the microbiological levels due to the domestic

and agricultural pollutions in Gölbasi lake, (2) to examine the

occurence of multiple antibiotic resistances in Esherichia coli from

Golbasi lake in south-east Turkey. It is important to know whether the

exposure of the isolates to antibiotics has any effect on their sensitivity

to drugs/antibiotics and the public health implications, (3) to research

β-lactamase-producing Esherichia coli strains. They can reduce the

efficiency of β-lactam antibiotics in eradicating infection at various

body sites.

Materials and Methods

Gölbasi city, located in Adiyaman province, is growing rapidly

in south-east Turkey. As the population of the city is increasing rapidly,

the area of the city is spreading. The water demand has increased

in and around the city. Consequently, clean water and wastewater

are showing up as essential problems.

Geography of Golbasi: Golbasi lake is in Adiyaman province in

south-east Turkey. The lake is situated on the tectonic depression on

a major fault zone of Turkey. The old Eocen limestone cover the field

around the lake. Even though the lake forms a natural closed-basin,

canals (channels) connecting to Azapli lake were built by now. Besides,

water was pumped from Goksu river into the lake when its water

level was low. The altitude of lake is 885m, the lake covers a field of

approximately 3 km2 (Biricik, 1994).
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Photo - 1:General image of Golbasi district and Golbasi lake

Fig. 1: Map showing the location of Gölbasi (Adiyaman) and Golbasi lake
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Population of golbasi city: Gölbasi, district of Adiyaman province

in southern part of the lake, is located along the railroad station,

which was builth in 1930 (Fig. 1). Starting out as a small village with

a population of 754 in 1955, Golbasi grew rapidly due to being

strategically located on the railroad. Now the population of Golbasi

district is 30,000 (Biricik, 1994).

While the population was growing rapidly and the urban

area are expanding, some bad factors such as the wastewater,

insecticides, and fertilizers appeared near the lake causing health

problems to people in Golbasi simultaneously. As a major bad factor,

the lake was thought of as a place to pump the waste water of the

urban area, therefore drainage pumps were laid to the lake. Moreover

use of insecticides and fertilizers and other agricultural activities are being

performed in the limited fields around the lake (Photo 1).

Sample collection:

Station 1: Middle of Gölbasi Lake surface –

(Altitude above sea level: 885 m).

Station 2: Middle of Gölbasi lake - 7 m. depth line

Station 3: Middle of Gölbasi lake -14 m. depth line

Station 4: Canal- Bridge of Karaburun

Water sample collection: Water samples (100 ml) were collected

at four sites and sterile screw-capped glass bottles stored at 4 oC until

analysis in the laboratory within 2 hr after collection (Toroglu et al.,

2005).
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Total colony count and isolation of microorganisms: The

total colony count of bacteria was performed using the pour plate

method using nutrient agar (Oxoid). Water samples were serially

diluted and an appropriate dilution was used to inoculate the plate in

duplicate. The total colony count was determined as described

(Nwachukwu, 2000). At the end of incubation, the colonies were

screened and identified based on the taxonomic schemes and

descriptions by Holt et al. (1994).

Fecal coliform test and Isolation and identification of E.

coli: The three-tube procedure using lactose broth (Collins and

Lyne, 1976; Bakare et al., 2003) was used to detect the coliform and

determine the most probable number (MPN) of coliform bacilli (Collins

and Lyne, 1976). Fecal (thermotolerant) coliforms constitute a subset

of total coliforms. These bacteria conform to all the criteria used to

define total coliforms, but in addition they grow and ferment lactose

with production of gas and acid at 44.5 ± 0.2 oC within the first 48 hr

of incubation in Brilliant Green Bile Broth (Coyne and Howell, 1994).

These tubes were plated on eosin methylene blue (EMB) agar and

incubated as before. Colonies grown on EMB plates were selected

and finally identified on the basis of morphological, cultural and

biochemical characteristics for the isolation of E. coli (Collins and

Lyne, 1976; APHA, 1985; APHA, 1992 and Holt et al., 1994).

Antibiotic sensitivity test: All the bacterial isolates were tested for

their sensitivity to antibiotics by means of a disc diffusion method

(Bauer et al., 1966) according to NCCLS (1997) recommendations.

The isolates were tested for sensitivity to twelve (12) antibiotics applied

as discs (Oxoid). The twelve antibiotics used were (µg/disc) as

follows: Meropenem (MER), 10 µg; Amoxicillin (AMX), 25 µg;

Penicillin (P), 10U; Nitrofrantoin (NF), 300 µg; Cefazolin (CZ), 30µg;

Cefoxitin (FOX), 30 µg; Ceftriaxone (CRO), 30 µg; Gentamicin

(GEN), 10 µg; Tetracycline (TET), 30 µg; Streptomycin (ST), 10µg;

Chloramphenicol (CHL), 30 µg; Ofloxacin (OXC), 5 µg. Earlier, the

potencies of all the antibiotics used in the study were confirmed using

susceptible E. coli strains.

Analysis of data: The percentage resistance (%r) to 1,2,3..... n

antibiotics as exclusive classes was calculated. Based on the

occurrence of resistance to two and more than two antibiotics the

isolates were categorized as multiple antibiotic resistant isolates (Lateef

et al., 2005).

Iodometric slide method: The production of β-lactamase was

determined with the iodometric slide test (MacFaddin, 2000).

Firstly, iodine solution was added to penicillin solution. A heavy

suspension of the organism to be tested emulsified in a drop of

freshly prepared pericillin - iodine solution as flamed side of a

glass side followed by addition of starch solution. Initially, solution

of all samples will turn purple. An indication of β-lactamase

production is clearing of solution, clearing of purple color to white

within 5 min. But the entire mixture does not have to be clear;

Table - 2: Antibiotic resistances levels of E.coli isolates in the stations from Golbasi lake

Sation Isolates
MER AMX P NF CZ FOX CRO GEN TET ST CHL OXC B-Lac. %s %i %r

No. (No.)

1 1 s s r s s s r i s s s s + 75.0 8..3 16.7

2 s i r s r i r s s s s s + 58.3 16.7 25.0

3 s i r s r s r s s s s s - 66.7 25.0 8.3

4 s s r s s s r s s s s s - 83.3 0.0 16.7

2 5 s r r s r r r s s s s s - 58.3 0.0 41.7

6 s i r s i i r s s s s s - 58.3 25.0 16.7

7 s i r s r r r s s r i s - 41.7 16.6 41.7

3 8 s r r s r r r s s s s s - 58.3 0.0 41.7

9 s i r s r r r r s s s s - 50.0 8..3 41.7

10 s s r s s s r s s s s s - 83.3 0.0 16.7

4 11 i s r s s s s i s r i s - 58.3 25.0 16.7

12 s r r s r r r s s s s s - 58.3 0.0 41.7

13 s i r s r i r s s r s s + 50.0 16.7 33.3

Cumula- %  s 92.3 30.8 0.0 100 30.8 38.5 7.7 76.9 100 76.9 84.6 100

tive resi- % i 7.7 46.2 0.0 0 7.7 23.0 0.0 15.4 0.0 0.0 15.4 0.0

stance % r 0.0 23.0 100 0 61.5 38,5 92.3 7.7 0.0 23.1 0.0 0.0

s = susceptible, i = Intermediate, r = Resistant, B-Lac.= Beta-Lactamase, MER = Meropenem, AMX = Amoxicillin, P = Penicillin, NF = Nitrofrantoin, CZ =

Cefazolin, FOX = Cefoxitin, CRO = Ceftriaxone, GEN = Gentamicin, TET = Tetracycline, ST = Streptomycin, CHL = Chloramphenicol, OXC = Ofloxacin

Table - 1: Microbiologic results of the lake water samples

Sampling Total aerobic Total coliform Fecal coliform Water Water

station (No.) bacteria (cfu ml-1) (cfu 100 ml-1) (cfu 100 ml-1) pH temperature (oC)

      1 13x102 460-1100 >1100 8.35 14.3

      2 32x102 >1100 >1100 8.29 14.0

      3 68x102 >1100 - 7.58 10.0

      4 20x103 >1100 >1100 7.60 13.2
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clearing of definite clumps or areas is sufficient to denote a positive

result. Starch and iodine react in solution to produce a purple

color. β-lactamase causes the β-lactam ring to open with

production of penicilloic acid, which reacts with iodine, making it

unavailable to react with starch. The presence of β-lactamase is

indicated by decolorization of (or failure to form) the starch-iodine

complex. Intact (active) penicillin does not bind iodine, whereas

penicilloic acid does. Penicilloic acid acts as a reducing agent to

reduce iodine in the complex. All the bacterial isolates were tested

for the production of β-lactamases.

Results and Discussion

The bacterial contamination level was high in all the waters

of sampling stations. The waters contained large numbers of bacteria

that ranged between 13x102 to 20x103 cfu ml-1. The value obtained

in this study is similar to those earlier reported for microbial populations

in some polluted rivers that are exposed to human, agricultural and

industrial wastes (Bakare et al., 2003; Lateef, 2004; Toroglu et al.,

2005; Toroglu et al., 2006). Microbial index 103 is high, indicating

dense bacterial population in the Golbasi lake. It also contained

coliform bacilli with high MPN (>1100). The isolation of E.coli and

production of gas and acid in all the tubes used for the fecal coliform

test at 44.5 ± 0.2 oC is an indication of fecal contamination of the lake.

The pH value in the water samples ranged from 7.58 to 8.35. It was

observed that these values did not affect increase or decrease in

number of bacteria. However, Coyne and Howell (1994) have

shown that pH values between 4 and 9 cause an increase in fecal

contamination (Table 1).

E.coli causes diarrhoea, urinary tract and kidney infections,

and peritonitis septicaemia. The isolation of this pathogen from the

lake is worrisome because the lake water is collected. It is not

impossible to assume that this pathogen or fecal contamination of the

lake’s water was introduced into the production process by healthy

human carriers through handling. This is because the lake’s water

was collected prior to contact with the external environment. The

continuous contamination of the process may be enhanced through

the processing equipment (Hatcher et al., 1992). The toxic

substances discharged into water bodies are not only accumulated

through the food chain (Odiete, 1999), but may also either limit the

number of species or produce dense populations of microorganisms

(Okafor, 1985).

High levels of resistance were obtained among the bacterial

isolates (8.3-41.7%) and the cumulative resistance of the bacterial

isolates to the antibiotics ranged from 0% - 100% as shown in Table

2. These isolates showed very high rates of susceptible to all

evaluated antibiotics: 100% Nitrofrantoin (NF), 100% Tetracycline

(TET), 100% Ofloxacin (OXC), 92.3% Meropenem (MER), 84.6%

Chloramphenicol (CHL), 76.9% Gentamicin (GEN), 76.9%

Streptomycin (ST), 38.5% Cefoxitin (FOX), 30.8% Amoxicillin (AMX),

30.8% Cefazolin (CZ), respectively. Furthermore, we detected all of

isolates resistant to Penicillin (P) (100%). Later, high frequency of

isolates resistant to Ceftriaxone (CRO) has been found (92.3%).

The cumulative effectiveness of the antibiotics as obtained in this

study is Nitrofrantoin = Tetracycline = Ofloxacin > Meropenem >

Chloramphenicol > Gentamicin = Streptomycin > Cefoxitin > Amoxicillin

= Cefazolin > Ceftriaxone > Penicillin. Incidence of antibiotic resistance

in 5. and 7. isolate at Station 2, in 8. and 9. isolate at Station 3, in

12.isolate at Station 4 was comparatively higher than the other isolates

in lake’s water (Table 2).

Among the bacterial isolates from lake, four patterns of

multiple-drug resistance were encountered and the number of

antibiotics ranged from two to five (Table 3). Of the total 13 E.coli

isolates, 0% were susceptible to all antibiotics. Of the resistant E.coli

isolates, 38.5% were resistant against two antibiotics, 15.3% were

resistant against three antibiotics, 7.7% were resistant against four

antibiotics, 38.5% were resistant against five antibiotics. 0% were

resistant against more than five antibiotics. Eight isolates showed

intermediate resistance to tested antimicrobial agents. Intermediate

resistance to Gentamicin, Amoxicillin, Cefoxitin, Chloramphenicol,

Cefazolin, Meropenem was detected as well. Of the resistant E.coli

isolates, 23.0% were intermediate resistant against one antibiotics,

Emin Toroglu and Sevil Toroglu

Table - 3: Antibiotic resistance pattern among the E.coli isolates

No. of Resistance No. of Resistance ββββ-lactamase ββββ-lactamase

antibiotics pattern  E.coli (%) producer producer (%)

Sensitive - 0 0

2 Antibiotics P, CRO 4 30.8 1 7.7

P, ST 1 7.7

3 Antibiotics P, CZ, CRO 2 15.3 1 7.7

4 Antibiotics P, CZ, CRO, ST 1 7.7 1 7.7

5 Antibiotics AMX, P, CZ, FOX, CRO 3 23.1

P, CZ, FOX, CRO, ST 1 7.7

P, CZ, FOX, CRO, GEN 1 7.7

Total 13 3 23.1

The antimicrobial agents tested were: P = Penicillin, CRO = Ceftriaxone, ST = Streptomycin, CZ = Cefazolin, AMX = Amoxicillin, FOX = Cefoxitin,

GEN = Gentamicin
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23.0% were intermediate resistant against two antibiotics, 15.4%

were intermediate resistant against three antibiotics (Table 4).  In

several earlier works on similar studies, researches have been

focused mainly on the strains of E.coli (Lateef, 2004; Lateef et al.,

2005; Toroglu et al., 2005).

The number of antibiotics involved in the multiple drug

resistance as obtained in this study, falls within the range obtained by

earlier worker (Khan and Malik, 2001; Lateef, 2004; Paramasivam

et al., 2007; Thavasi et al., 2007). Multiple drug-resistance is an

extremely serious public health problem (Prescott et al., 1999). The

relatively high level of resistance to antimicrobial agents is a reflection

of misuse or abuse of these agents in the environment (Malik and

Ahmad, 1994; Lateef, 2004). Antibiotic prescriptions in hospitals are

given without clear evidence of infection or adequate medical

indication. Broad-spectrum antibiotics are sometimes given in place

of narrow-spectrum drugs as substitute for culture and sensitivity

testing, with the consequent risk of dangerous side effects, super

infections, and the selection of drug-resistant mutants (Prescott et al.,

1999). In developing countries, drugs are available to the public

and thus people may practise self-administration of antibiotics and

further increase the prevalence of drug-resistant strains (Lateef,

2004).

Beta lactamase production was also detected in three isolates.

These isolates for Penicillin, Cefazolin, Ceftriaxone and Streptomycin

showed evidence for the production of beta-lactamase (Table 3).

This indicates that resistance against the beta-lactam antibiotics may

relate to the production of beta-lactamases. However, one isolate

was determined to be beta-lactamase positive in spite of their

resistance to some of the used antibiotics. From this point of view,

there was no correlation between beta-lactamase production and

resistance to the used antibiotics. Generally, resistance depends

either completely or partially on beta-lactamase (MacFaddin, 2000).

There have also been reports of the spread of beta-lactamase genes

into species that previously were not known to possess them

(Kawakami et al., 2000; Silva et al., 2000).

The results of this study showed that water, polluted with

industrial, domestic and agricultural waste, caused bacterial resistance

and led to reservoirs for spreading these kinds of resistances.

Resistance in microbial pathogens like E. coli to two or more

classes of antibiotics is now commonplace in both veterinary (Gonzales

and Blanco, 1989, Irwin et al., 1989) and human medicine (Dennesen

et al., 1998). Although antibiotic susceptibility may return with the

discontinuance of antibiotic usage, antibiotic-resistant bacteria can

still persist long after the removal of the selection pressure (Chaslus-

Dancla et al., 1987; Bass et al., 1999).

In such circumstances, transformation may work well; infact,

the race to develop agents to overcome the resistance mechanism is

one that man may never win, but the resistance trends should be

kept under check through intensive research leading to novel and

alternative drugs therapies (Rasool et al., 2003).

This work is designed to explicate the source of the antibiotic

resistance phenomenon frequently encountered among bacterial

isolates in Gölbasi lake in Turkey. Gölbasi lake can contaminate

streams, agricultural crops and inadvertently reaches man. A study

has been initiated to evaluate the microbiological features of some

of the products to ascertain the level of contamination. The worldwide

surveillance of antibacterial resistance is needed (Singleton, 1997)

to appreciate and understand the magnitude of the bacterial

resistance to antibiotics and to establish baselines for taking action

(Caprioli et al., 2000).
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