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ABSTRACT 

This study was to evaluate the level of contamination of surface waters by coliform 

bacteria and Escherichia coli, as well as to detect the fecal pollution and the antibiotic 

resistance patterns of E. coli strains from recovered Asi (Orentes) River in the southern 

region of Turkey. Total and fecal coliform results were revealed as ˃1100 MPN/100 mL 

and 1100 MPN/100 mL for two stations, respectively. A total of 10 E. coli isolates were 

screened for antibiotic susceptibility by the Kirby Bauer method. Resistance to cefotaxime, 

tobramycin, streptomycin, trimethoprim, cefepime, cefazolin, and ampicillin was 

determined in 20%, 20%, 40%, 20%, 20%, 20%, and 40%, respectively. These findings 

point out a widespread distribution of E. coli strains produced antibiotic resistance genes 

in the surface waters in the southern region of Turkey, suggesting an aquatic reservoir for 

resistance genes. Multiple antibiotic resistance (MAR) rates of %30 of E. coli isolates 

were greater than 0.200. This high index indicates exceeding the permissible water quality 

limits for human use and consumption and is the primary source of contamination in the 

discharges from domestic, agricultural, and urban. 

 

Introduction  

Surface water bodies, one of the important sources of drinking water, cover nearly half 

of the worldwide need. They are more vulnerable to various contamination sites than 

groundwater protected by the overlying soil parts trapping and attenuating pollutants 

[1]. The increase in the number of waterborne disease outbreaks like intestinal 

infections, dysentery, diarrhea, typhoid fever, cholera, and jaundice by contamination of 

surface freshwater sources constitutes a persistent problem for public health and the 

environment in developing countries [2, 3]. Thus, biological, chemical, and physical 

quality parameters of water sources become a major burden for public and regulatory 

authorities [1, 4]. Biologic diversity in aquatic environments contributes to the 

sustainability of natural water ecosystems by removing pathogenic contamination, 

balancing conditions, and playing key roles in nutrient cycling [5]. However, due to 
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diseases associated with pathogens carried by water bodies, the monitoring of the 

biological quality is the main strategy for controlling microbial pollution in terms of 

public health [6]. The World Health Organization (WHO) guidelines propose checking 

fecal contamination for assessing human health risks in surface water bodies [7]. The 

fecal contamination load in surface waters is changed based on anthropogenic/zoogenic 

origins, discharging of municipal/industrial/domestic wastewater, and agricultural/ 

storm/ urban/ water runoffs [1]. 

According to WHO criteria, fecal contamination representing a risk to the health, and 

environment is investigated by the presence of fecal indicator bacteria (FIB) such as 

Escherichia coli (E. coli), total coliforms, or thermotolerant coliforms [2, 8]. Among 

them, E. coli is the most common indicative parameter of fecal contamination in water 

bodies associated with human health [9]. Although the main source of fecal pollution is 

human and animal wastes, FIB, which may be reported in many environments, are not 

directly identify feces sources [8, 10]. Also, the indiscriminate use of antibiotics in 

agriculture applications and veterinary/human medicine provides the emergence of 

strains showing greater resistance to various antibiotics in water sources [9].  

Beginning in Lebanon and flowing northwards through Syria before entering the 

Mediterranean Sea in Turkey, the Orontes (Asi) River is a length of 571 kilometers in 

Western Asia. Asi River, one of the most important rivers in southern Turkey, passes 

north of Hatay and falls 16 kilometers to the sea south of Samandag.  

There has been an advance in the treatment of human and veterinary diseases, 

increasing feed efficiency, and maintaining good agricultural practices with the 

discovery of antibiotics. The global dissemination threat to the public health of 

antibiotic resistance among bacteria due to the developing strategies-based using 

antibiotics is becoming increasingly common via clinical specimens, foods of animal 

origin, and aquatic environments [11].  

The emergence and dissemination of antibiotic-resistant bacteria (ARB) in water 

sources such as the Orontes River, which fell from other countries to Turkey, are not 

only a local and regional problem. Because river water can carry ARB into the 

Mediterranean basin by crossing borders. This can be caused the variation in the 

antibiotic resistance profile of bacteria in water and other environments in Turkey. For 
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this reason, the water quality of this kind of river should be continuously monitored for 

global water safety.  

This study aimed to assess the rates of fecal contamination of surface water, and 

antibiotic resistance profiles among E. coli isolated from Orontes River in Hatay, 

Turkey, and to identify the possible sources of the pollution. It also researched antibiotic 

resistance profiles of E. coli strains isolated from this region when evaluating the risk of 

potential fecal pollution associated with the Orontes River. Our findings will contribute 

to a better understanding of how fecal contamination in natural water environments 

influences environmental and public health. 

Material and Methods 

Study site description  

Asi (Orentes) River which originates from Labweh and Lebanon, locates in the south of 

Turkey. It pours finally into the Mediterranean Sea in Hatay province by flowing 

through for about 380 km within three countries (Lebanon, Syria, and Turkey). Due to 

the discharge of domestic, agricultural, and industrial wastewater in the province 

directly into the Orontes River without disinfection treatment, the river has been 

egregiously polluted. Also, it is the main source of fishing and agricultural irrigation. 

The contamination of enteric pathogens based on household and agricultural wastewater 

pouring into the river was previously reported [11]. Water samples were collected from 

two locations (St1; 36°11'23"N, 36°09'05"E) and St2; 36°11'48"N, 36°09'29"E) in 

which upstream of the Hatay city center and after the passing center. A map of study 

locations is shown in Fig 1. According to APHA (1998) and WHO (2006) [12, 13], they 

were collected using a sterile bacteriological sample vial (250 mL) in June (2021). The 

sample was immediately brought to the lab in an icebox within 2 hours of collection and 

stored at +4°C in a light-sensitive container until microbiological analyses. 

Microbiological analysis 

Enumeration of total mesophilic bacteria in surface water, 100 µL of the sample was 

spread on Plate Count Agar medium, and plates were incubated at 22°C for 72 h and 

37°C for 48 h (TS EN ISO 6222-ISO Standards). After incubation, the colony count on 

agar was noted as colony-forming units per mL (CFU/mL).  

The presence of total and fecal coliforms was tested using the most probable number 

method (MPN) illustrated by Prescott et al. (1996) [14]. The results were expressed as 
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the most probable number/mL comparing them with standard statistical tables. Typical 

growth of total coliforms (turbidity and bubbles in Durham tube) were monitored in 

Lauryl Sulfate Tryptose Broth (LST, Merck) at 37°C for 24-48 h. After that, 100 µL 

from each positive LST broth tube was transferred to an EC (Escherichia coli) medium 

and incubated at 44.5°C for 24-48 h for screening fecal coliform. 

EndoC agar differentiated based on lactose fermentation was used for the isolation of E. 

coli strains from the water sample. Typical colonies with metallic green sheen were 

identified by applying morphological (Gram staining and cell morphology) and standard 

microbiological (indole, methyl red, Voges Proskauer, citrate, and MUG (4-

Methylumbelliferyl β-D-Glucuronide) agar test systems) procedures.  
 

 

 
 

Fig 1 Sampling stations (Google Earth) 

 

 

Antibiotic susceptibility profile 

The susceptibility of E.coli isolates was exhibited against the 12 standard antibiotics by 

disk diffusion method (Bauer et al. 1966) [15] on Mueller-Hinton agar (Oxoid, UK) 

plate according to the guidelines and recommendations of Clinical & Laboratory 

Standards Institute (CLSI). The following 12 antibiotics that are important for the 

human healthcare system were Ampicillin (AMP; 10 µg), Tobramycin (TOB, 10 µg), 

Cefotetan (CTT; 30 µg), Cefepime (FEP; 30 µg), Cefotaxime (CTX; 30 µg), 

Chloramphenicol (C; 30 µg), Cefazolin (CZ; 30 μg), Streptomycin (S; 10 µg), 

https://en.wikipedia.org/wiki/Lactose
https://en.wikipedia.org/wiki/Industrial_fermentation
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Ertapenem (ETP; 10 µg), Tetracycline (TE; 30 µg), Gentamycin (GEN; 30 μg), and 

Trimetropim (TR; 5 µg) (Bioanalyse). The results were interpreted by the CLSI 

standard. E. coli ATCC 25922 was used for quality control. The multiple antibiotic 

resistance (MAR) indexes of strains were evaluated based on the formula declared by 

Krumperman (1983) [16]. Resistance results were analyzed by using the software SPSS 

22.0 for Windows (SPSS Inc., Chicago, IL, USA). 

Results and Discussion 

In the water samples, the concentrations of culturable mesophilic bacteria were 

enumerated on plate count agar. As summarized in Table 1, the average (n=3) bacteria 

counts in surface waters were 118x103 and 186x103 CFU/mL at 37°C. These values 

were numbered 375x101 and 142x101 at 22°C, respectively.  

Table 1 Indicator organism measurements in Orontes River water sample  

 St1 St2 

Total bacteria 
118x103 CFU/mL at 37°C 

375x101 CFU/mL at 22°C 

186x104 CFU/mL at 37°C 

142x101 CFU/mL at 22°C 

Total coliform 1100+MPN/100 mL 1100+MPN/100 mL 

E. coli 1100 MPN/100 mL 1100 MPN/100 mL 

 

Concentrations of total coliforms in surface waters were >1100 MPN/100 mL, thus this 

situation indicating bacteriological pollution. Both stations were calculated rather higher 

values of fecal coliforms, 1100 MPN/100 mL. WHO (2017) [17] and TS 266 (2005) 

[18] guidelines indicate that total and fecal coliform bacteria (0/100 mL) should not 

contain in surface water sources that are overused for drinking water and intended for 

human consumption. Enteric pathogens (Salmonella spp., Shigella spp., Vibrio cholera, 

and E. coli) going into the surface water supply lead to infectious waterborne diseases 

such as diarrhea, cholera, typhoid fever, and dysentery. These indicator bacteria are 

usually present in animal and human feces, so our findings are clearly emphasized that 

fecal coliforms reach the Orontes River through improperly treated sewage and leakage. 

This might show that the main source of contamination in the Orontes River is domestic 

sewage and solid residues from surrounding densely populated areas. There are many 

reports on the existence of fecal coliforms in various aquatic environments in Turkey 

[19-21]. The highest total coliform and fecal coliform levels were reported to be 13x107 

and 14x106 CFU/100 mL for Cırpıcı River; higher than that of our bacterial and fecal 

pollution results [1]. The detected pollution levels (1100+MPN/100 mL) of Asi River 
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are similar to the results of Avsar (2019) who declared that high coliform contamination 

in the Karasu River (Sinop, Turkey) was 2400 MPN/100 mL for September [22]. Our 

coliform results are as high as those determined by Karabas et al. (2017) who 

highlighted that indicated the uncontrolled discharges with 940x103 CFU/100 mL total 

coliform value at Alibeykoy Creek [23]. Total coliform levels in Karacaoren I Dam 

Lake were detected to range from 500 to 100.000 CFU/100 mL and the presence of 

fecal coliform was also noted [24]. Akkan et al. (2019) reported high fecal coliform 

pollution (71.66)% in surface water bodies collected from Yaglıdere Stream [25]. 

Although our coliform contamination rates were lower than those shown by Yalım et al. 

(2020) and Akkan et al. (2022), our study clearly emphasized the discharge of 

household and industrial wastewater systems into the surface water without control. 

The difference in results between previous studies based on fecal contamination and 

bacterial load may be explained by changes in water quality, originating from 

biogeochemical cyclings such as the storage and release of nutrients and 

physicochemical characteristics in aquatic ecosystems. The sanitary status of the 

different water bodies such as lakes, rivers, and dams showing different hydraulic 

characteristics may be changed by seasonal changes, proximity to mineral extraction 

sites and settlements, and agricultural and industrial activities.  

E. coli strains recovered on EndoC plates from the stations were included for further 

antibiotic susceptible study. A total of 10 bacteria were isolated in equal numbers from 

the water samples taken from 2 different regions. 5 of them were evaluated as E. coli. 

St1 (3 strains) and St2 (2 strains), respectively. Strains showing Gram-negative bacilli 

morphological character were identified by biochemical tests (indole, methyl red, Voges 

Proskauer, citrate; (IMVIC) and MUG test systems). Endo C reactions and results of 

biochemical tests of E. coli strains are shown in Fig. 2. 

In addition to bacteriological load, the antibiotic resistance profiles of E.coli in water 

bodies were screened. While the low frequency of resistance to cefotaxime, tobramycin, 

streptomycin, cefepime, and cefazolin (20%) was determined, E. coli strains showed 

relatively high levels of resistance to Trimetropim and Ampicillin (40%) (Table 2).  
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Fig 2 Mug test, IMVIC, and Endo C reactions for distinguishing E. coli strains; (a: Mug; b: 

indole; c: citrate; d: methyl red and Voges Proskauer; e: Endo C) 

 

For non-beta-lactam antibiotics, there was a high sensitivity of isolates to tetracycline, 

gentamycin, and chloramphenicol (100%). None of the E. coli strains recovered from 

river water samples were ESBL producers according to the recommended CLSI 

standards. By contrast, the obvious spatial homogeneity was exhibited in resistance with 

20% cefotaxime, tobramycin, cefepime, and cefazolin. This study indicates that there is 

no widespread distribution of antibiotic-resistance genes among E. coli strains in the 

water samples of the Asi River.  

Table 2 Percentage of total E.coli isolates with antibiotic resistance 

 Pattern Resistance (%) 

Ampicillin  R 40.0±0.5* 

Tobramycin R 20±0.25* 

Cefotetan S 0±0.0* 

Cefepime R 20±0.40* 

Cefotaxime R 20±0.30* 

Chloramphenicol S 0±0.0* 

Cefazolin R 20±0.25* 

Streptomycin R 20±0.15* 

Ertapenem S 0±0.0* 

Tetracycline S 0±0.0* 

Gentamycin S 0±0.0* 

Trimethoprim R 40.0±0.25* 

*P<0.05 compared with the results.  
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The profile of antibiotic resistance of E. coli strains in many freshwater sources of 

Turkey has been previously reported. Kurekci et al., (2017) showed resistance against 

extended-spectrum β-lactam antibiotics of E. coli strains isolated from the Asi River 

(Turkey) [11]. For E. coli strains recovered from ten rivers in the northern-east coastal 

region of Turkey, Ozgumus et al. (2009) found resistance to ampicillin, streptomycin, 

and trimethoprim similar to our susceptibility results [26]. Buyukkaya Kayıs (2022) 

noted that E. coli isolated from 5 different stations in Ataturk Dam in Adıyaman was 

resistant to chloramphenicol, tetracycline, cefepime, and cefazolin antibiotics contrary 

to our findings [27]. Mercimek Takcı et al. (2023) pointed to the high-frequency 

resistance against cefotaxime (62.5%) and streptomycin (50%) antibiotics for E. coli 

strains obtained from Alleben pond (Gaziantep) by contrast with our results [28]. 

Similarly, Altug et al. (2020) reported the dissemination of high antibiotic resistance in 

surface water samples, Gulluk Bay [29]. 

The MAR index ranged from 0.083-0.5 for E.coli strains from Asi River water bodies. 

%30 of E. coli isolates showed a MAR index greater than 0.200. A MAR index of 0.200 

is represented the difference between low- and high-risk degrees. Those multidrug-

resistant bacteria having MAR indices >0.200 indicates the exposure of sewage 

effluents to high-risk contamination for water bodies with the increased distribution of 

possibly fecal microorganisms harmful to humans.  

Conclusion 

This research study provides insights into the abundance of FIB and the antibiotic 

resistance profile of E. coli strains in the surface water sources throughout the Asi 

River. The high prevalence of fecal indicator bacteria in these surface water sources 

highlights the risk of fecal contamination from both human and animal origins in built-

up and agricultural areas. To prevent surface water contamination, it is necessary to 

focus more on the projects and public policies that ensured the treatment of wastewater, 

assuring higher environmental preservation, and reduced risks to public health. 

Abbreviations 

APHA: American Public Health Association; CFU: Colony Forming Unit; WHO: World Health 

Organization; LST: Lauryl Sulfate Tryptose Broth; MUG: 4-Methylumbelliferyl β-D-Glucuronide; CLSI: 

Clinical & Laboratory Standards Institute; MPN: Most Probable Number; E. coli: Escherichia coli; 

ESBL: Extended Spectrum Beta-Lactamase; IMVIC: Indole; Methyl Red; Voges Proskauer; Citrate; 

MAR: Multiple antibiotic resistance.  
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