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Abstract 
Antibiotic-resistant microbes find their way into aquatic ecosystems from human and animal sources. These 
microbes have potential to spread their genes into water-indigenous microbes, which also contain resistance genes. 
Resistance to several different antibiotics at the same time is even more significant problem. It is because of the 
acquired resistance that microbe’s particularly bacterial isolates must be subjected to antibiotic susceptibility 
testing. Awareness of antibiotic resistant microbes in aquatic ecosystems is growing. In the present study bacteria 
cultured from the river waters were tested for resistance against eight antibiotics [Cephalothin (Ch), Clindamycin 
(Cd), Trimaxozole (Co), Erythromycin (E), Gentamycin (G), Ofloxacin (Of), Penicillin (G), Vancomycin (Va)] 
and Amphotericin-B was used for fungi. The results reveal that, all the strains showed high resistance to almost all 
the drugs tested against except Gentamycin and Ofloxacin that showed 100% susceptibility. For fungal species it 
was found that Asperigillus spp. and Candida spp. were susceptible while Pencillium spp. was found to be 
resistant. Our findings from this preliminary research have indicated that microbes in our aquatic systems are 
resistant to the antibiotics and hence pose a potential threat to ecosystem function and potentially human health. 
Keywords: Aquatic ecosystem, bacteria, antibiotics, pathogens. 
 
 
Introduction 
The microbial quality of aquatic ecosystems particularly of those which are important for drinking purposes, have 
focused on the occurrence of pathogens in drinking water distribution systems (Berry et al., 2006; Szewzyk et al., 
2000). Environmental contamination affects microbial communities in a myriad of ways. Source and amount of 
pollutants together with ecosystem dynamics modulate the responses of microorganisms to anthropogenic impacts 
(Cardoso et al., 2012). Microbe communities react with drastic changes in ecosystem functioning, species 
composition and abundance (Nogales et al., 2011; Vieira et al., 2008). Several consequences may arise from 
aquatic pollution. The connection between these impacts and potentially pathogenic bacteria is of particular 
relevance for human welfare (Nogales et al., 2011). There are various ways to estimate the anthropogenic load on 
an ecosystem, including chemical analysis, bioindication, bioassays, etc. (Doust et al., 1994; Ostroumov, 2000, 
Lindstron-Seppa et al., 2001; Samecka-Cymerman and Kempers, 2001). Bacteria are often used to monitor the 
state of the environment (Jacobs et al., 1995; Schwedt et al., 1997; Backhaus and Grimme, 1999), as their 
evolution rate is very high, and under the effect of environmental factors they can acquire various specific features, 
and thus, serve as good indicators for the presence of pollutants. One of the properties of bacteria used to assess 
the anthropogenic load is their antibiotic resistance (Hagedorn et al., 1999; Goni-Urriza et al., 2000; Mary et al., 
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2000; McArthur and Tuckfield, 2000). Thus, the presence of antibiotic resistant microbes in aquatic ecosystems 
can greatly affect public health and hence is an emerging issue for the public in general and the drinking water 
industry in particular (Armstrong et al., 1981; Schwartz et al., 2003). Although several studies have detected 
antibiotic resistant bacteria in drinking water systems (Armstrong, 1982; Armstrong et al., 1981; Pavlov et al., 
2004; Schwartz, 2003; Zhang et al., 2009), most previous studies focused on cultivable bacteria and/or indicator 
organisms. The aim of this work was to investigate the dynamics of antibiotic resistance of microbes in aquatic 
system against the selected antibiotics.  
 
Materials and Methods 
Sampling site 
Sonamarg – the Meadow of Gold is situated at an altitude of 2730m. The Sindh River that meanders through the 
valley is locally known as “SENDH” originates from the Panjtarni glacial fields at an altitude of 4,250 m (a.s.l) at 
the base of Saskut, a peak (4,693 m a.s.l) in the Ogput Range running parallel to the North-West to South-East. On 
its descend, the Sindh receives glacial melt waters from the glaciers like Nicchang, Mashram Bal and Kolhai (The 
largest  glacier of Kashmir) in addition to the glaciers of the Nilgrar region, Thajwas glaciers and Harmukh 
glaciers. From Saskut, River Sindh drops steeply north-westward to reach the main strike valley. Gathering 
momentum, the river runs towards Sonamarg between steeply towering mountain areas, over a boulder streambed, 
emerging into the pleasant upland serenity of the Sonamarg, as if to rest before it plunges roaring headlong torrent 
sharply to the Southwest through the Gangagir gorge, 4000 ft (1,230 m) deep. The climate of Sonamarg is very 
bracing, with average temperature around 14oC. Winters (November to April) are chilly with temperature goes 
down to subzero levels. Two sites selected for the present study were Yousmarg (Site I) renowned for its green 
pastures, pines and fir with geographical co-ordinates lying between 340 17′ 0″N and 750 19′ 0″E and an elevation 
of 2,712 m (a.s.l) and Thajwas Grar (Site II) known for the glaciers, the miniature plateaus, snowfields, pines and 
islets with geographical co-ordinates between 340 17′ 50″N and 750 12′ 52″ E and an elevation of 2,617 m (a.s.l). 
 
Sample collection 
Samples of water were collected from the selected sites for six months from July 2010 to December 2010 in 
suitable plastic bottles, which were previously carefully cleaned, rinsed three to four times with distilled water 
(A.P.H.A, 1998). During collection of samples, extreme care was exercised to avoid contamination. The collected 
samples were later processed for microbial analysis. Water samples obtained from different sites were serially 
diluted five folds and then spread plate technique was followed for isolation of bacteria and fungi, spreading 0.1ml 
inoculum from the serial dilution tubes on the Petri dishes containing nutrient agar and Rose- Bengal, 
Streptomycin, Agar medium for bacteria and fungi respectively. In case of bacterial isolation inoculum from the 
serial dilution tubes was spread onto the Petri dishes containing Nutrient agar medium by two different techniques 
which are Serial dilution (Clesceri et al., 1998) and Spread plate (Sharp and Lyles, 1969) and were incubated at a 
temperature of 37 °C for 24-48 hours. For provisional identification of bacteria important Gram staining were 
performed and then Antibiotic sensitivity tests were done. 
Antibiotic sensitivity test of the isolated strains was carried out using Kirby-Bauer Method (Bauer et al., 1966) 
using antibiotic octa-combi discs from Hi-media. The media used for test are Sabouraud dextrose agar and Mueller 
Hinton Hi-Veg Broth. In this method the standardized bacterial isolate is spread on an agar plate and then paper 
disc containing specific concentration of antibiotics are placed and incubated at 37oC overnight. The bacterial 
strains were tested for sensitivity against eight antibiotics namely Cephalothin (Ch), Clindamycin (Cd), 
Trimaxozole (Co), Erythromycin (E), Gentamycin (G), Ofloxacin (Of), Penicillin (G), Vancomycin (Va). Fungal 
strains were tested against amphotericin-B Isolates susceptible to the antibiotic, does not grow around the disk thus 
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forming a zone of inhibition. Strains resistant to an antibiotic grow up to the margin of disk. The diameter of zone 
of inhibition was measured and results were compared from the Kirby Bauer chart as sensitive, intermediate or 
resistant.  
  
Results and Discussion 
During the study period four strains of bacteria were isolated from Site I and six strains were from Site II and were 
identified on the basis of macro-morphological characters and Gram staining. The strains isolated were given 
codes ranking from B1 to B7. Most of the colonies were circular, entire and flat in appearance, margin, and 
elevation respectively and the majority of the strains isolated were Gram negative. About 60% of strains isolated 
were observed as Gram-negative cocci. Presences of gram negative cocci are of much concern because of their 
pathogencity resulting in diseases in humans. Wernar et al., 1969 has reported that outbreak of gastro enteritis is 
because of sewage-polluted water containing E. coli Pathogenic bacteria has also been isolated from River Tawi in 
Jammu (Gandotra et al., 2009). Similarly Asperigillus spp., Candida spp. and Pencillium spp.  were found at Site I 
while at Site II only two Asperigillus spp. and Pencillium spp. were found. The relevance of fungi and their 
activities in water is emphasized by increasing knowledge of their pathogenicity for humans, animals and plants, 
their role as food for energy, their activity in natural purification processes, their exploitation for science and 
technological use (Cooke,1954; Castellani, 1963; Curtis,1972; Kishimoto and Baker, 1969; Suzuki, 1962). The 
comparative study of observation of investigators indicates that some species of fungi especially water moulds 
show variation in their ecological requirements (Mer et al., 1980). 
The isolated strains were then tested for sensitivity against eight antibiotics namely Cephalothin (Ch), 
Clindamycin (Cd), Trimaxozole (Co), Erythromycin (E), Gentamycin (G), Ofloxacin (Of), Penicillin (P), 
Vancomycin (Va). The results of antibiotic sensitivity test for bacteria (Table 1) reveal that, in general 46.42% of 
strains were resistant, 35.7% of strains were susceptible, and 17.8% of strains showed intermediate sensitivity. In 
addition, all the strains showed high resistance to almost all the drugs tested against except Gentamycin and 
Ofloxacin that showed 100% susceptibility. Resistance of a single bacterial isolates to more than one antimicrobial 
drug has also been reported (Norelli et al., 1991; Sayah et al., 2005). The increasing spread of antibiotic resistance 
among environmental bacteria has led some authors to consider antibiotic resistant bacteria and antibiotic 
resistance genes (ARG) as emerging pollutants (Kümmerer, 2009; Wright, 2010: Pruden et al., 2006). The high 
level of drug resistance in tested bacterial strains could be related to the production of antimicrobial compounds 
found in some fish-farm isolates belonging to the genus Bacillus (Sarker et al., 2010). Further, the antibiotic 
sensitivity was also carried out for fungi. The antibiotic used was Amphotericin-B. The results (Table 2) reveal 
that Asperigillus spp. and Candida spp. were susceptible while Pencillium spp. was found to be resistance.  
In conclusion, significant levels of antibiotic re sistance were found among isolated species. The development of 
new antibiotics as well as their increasing and, occasionally, indiscriminate and irrational use provokes the release 
of antibiotic and antibiotic-resistant bacteria via sewage or treated wastewater to the environment. The 
anthropogenic impact on the aquatic system is likely to have been associated with the higher levels of resistance. 
Unless preventive measures are taken to combat the spread of antibiotic resistance, by reducing pollution and 
making conscious use of these drugs, humanity may be faced with the end of the antibiotic era. 
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Table 1. Antibiotic sensitivity behaviour of 

bacterial  isolates.   B
acterial Strain 

Antibiotic agent 

  C
lindam

ycin 

  Trim
axozole 

  Erythrom
ycin 

  G
entam

icin 

  O
flaxacin 

  Pencillin 

  V
ancom

ycin 

  C
ephalothin 

I3 R R I S S R R R 
I4 S S R S S S I R 
I2 S S I S S S R R 
I6 R R R S S R I I 
I1 R R I S S I R R 
I5 R R R S S I R R 
I7 R I R S S I R R 

R-Resistant; I-Intermediate; S- Susceptible. (46.42% 
resistant, 35.7% susceptible, and 17.8% 
intermediate). 

 

 
 
 
 
 
 
 
 
Table 2. Antibiotic sensitivity behaviour of 

isolates for fungi. 

Fungal strain Antibiotic Agent 
(AmphotericinB) 

Asperigillus spp. Susceptible 

Candida spp. Susceptible 

Pencillum spp. Resistant 
 
 
 
 
 

 
 

 

 
 
 
 
Fig. 1. Antibiotic test (octacombi-discs) for bacteria 

 
 
 
 
 
 

Fig.  2.  Antibiotc test (ampicillin-A) for fungi 
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