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ABSTRACT 
The study’s aim is to assess drinking water quality in the springs of the state of Sikkim. Physico-chemical properties 
and pathogenic bacterial presence (including their drug resistance profile) have been studied across seasons. Important 
findings are (a) the concentration of iron and manganese is above the permissible limit; (b) high contamination with 
pathogenic bacteria exists. These are Escherichia coli (22.4%) followed by Klebsiella spp. (20.6%), Citrobacter spp. 
(7.5%) and Shigella spp. (7.1%). Isolated samples show that these bacteria have high resistance to common antibiotics. 
Keywords:  Antibiotics, Bacterial, Chemical, Physical, Spring water, Seasons. 
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INTRODUCTION 
             In the global context, water pollution is a serious health issue.1 Diarrhea diseases continue to be the second 

leading cause of death in children under the age of five worldwide.2 As the water becomes inadequate, 
residents tend to use local sources without any treatment, which leads to problems with health and 
sanitation. Over the years, population growth3 the aggressive impact of urbanization4, and enormous 
development of industries had a severe impact on the quality of water. About 88% of diarrheal infections 
are due to the consumption of hazardous water and poor sanitation maintenance around the globe.5 
waterborne diseases are known to affect 37.7 million Indians and 90% of diarrheal cases are due to 
contaminated water.6 Pathogens such as Escherichia coli, Shigella spp., Salmonella spp., and others are the 
most commonly encountered pathogens in water sources and are responsible for a variety of water-borne 
diseases such as diarrhea, dysentery, typhoid even enteric fever.7  The properties of water influence the 
category and features of drinking water.8 Sikkim is a hilly region, and inhabitants of rural areas depend on 
spring water as their main source for drinking and other domestic purposes. Almost all the spring water 
sources are contaminated with chemical and bacterial characteristics due to the growth of the population, 
and urbanization. There have been few studies of spring water sources in Sikkim in terms of the physical, 
chemical, and microbial quality of the water consumed by people in rural areas. As a result, this study was 
undertaken with the goal of determining the physicochemical and bacterial water quality of various spring 
sources. 

EXPERIMENTAL 
             Physicochemical Analysis 
             A liter of spring water was collected for physicochemical analysis. The determination of physical 

parameters was performed within 24 hours of sample collection and chemical analysis was done within 6 
months of adding HNO3 as a preservative (APHA, 2005).9 A pocket-sized pH meter (Hanna Instrument) 
and a mercury thermometer were used to measure pH and temperature on the spot, while total dissolved 
solids, conductivity, turbidity, salinity, dissolved oxygen, hardness, and alkalinity were measured using a 
conductivity meter winkler method, nephelometric and titrimetric methods. The concentration level of 
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chemicals such as calcium, magnesium, iron, manganese, lead, nickel, and chromium was determined using 
inductively coupled plasma mass spectrometry (Perkin-Elmer Nexion 300X). All the results were compared 
with the guidelines given by the Bureau of Indian Standards. 

          

Bacteriological Analysis   
             About 500 ml of water samples for bacterial analysis were collected and transported maintaining the cold-

chain condition and the analysis was done within 6 hours of sample collection.  For the detection of bacteria, 
the water sample has been passed through a 47 mm diameter, 0.45 µm pore size cellulose acetate gridded 
membrane filter from Millipore and finally transferred onto the surface of a MacConkey agar (HiMedia, 
Mumbai) plate. All plates were incubated at 37⁰C overnight. Further identification was carried out on the 
basis of their colonial, morphological, and biochemical properties following Mackie and McCartney.10 
Kirby Bauer disc diffusion methods on Muller-Hinton agar were used to determine the antibiotic 
susceptibility of isolated organisms from each sample, as described in Mackie and McCartney.10 The results 
were analyzed and interpreted according to the Clinical Laboratories Standards Institute, (CLSI 2015).11 

 

RESULTS AND DISCUSSION 
             Physico-Chemical Analysis 
             In the study of the 1st phase (May 2018 to April 2019) and in the 2nd phase (May 2019 to March 2020), all 

the physicochemical parameters are within the limits, except the level of pH, iron, and manganese. 
Temperature is recognized as an important factor that can influence the physical, chemical, and biological 
properties of bodies of water.12 The pH is one of the most important operational water quality parameters.  
The present study shows all the pH values are within the limit, while a higher level was found in spring 
water collected from Sikip of West Sikkim during the post-monsoon of phase-I. This may be due to the 
presence of various chemicals, pollutants, soil or rock composition, and any other contaminants. The pH 
determines the corrosivity of water, but its association with several other parameters is multifaceted.13 The 
study also observed TDS levels within the limit. A high concentration of TDS can have a detrimental effect 
on household appliances due to unwarranted scaling14 and a high concentration of TDS can adversely affect 
patients having kidney and heart diseases.15 The maximum value of conductivity was 314.53 µs/cm in west 
Sikkim during the post-monsoon of phase-I. Conductivity is the capacity of the water to conduct an 
electrical current and is directly associated with the TDS.16 The highest turbidity value was measured as 
1.83NTU during monsoon which is found within the limit. Turbidity increases can have a negative impact 
on the natural features of water sources such as lakes, springs, and so on, while also harming the 
environment and posing health risks.17 The study observes the highest salinity range 246.94 mg/L in west 
Sikkim during the pre-monsoon of phase II. The solubility of oxygen levels in water is affected by 
increasing salinity. Another significant feature for evaluating the condition of the water is the dissolved 
oxygen (DO) concentration. Like temperature, the concentration of dissolved oxygen also depends on the 
physical, chemical, and biological characteristics of the water body. The dissolved oxygen in the water 
body decreases as temperature rises.18 In the present study, DO, hardness, and alkalinity was observed to 
be within the limit in all the collected water samples in three seasons as per the standard guidelines of the 
Bureau of Indian Standards.19 During the study, the concentrations of calcium (18.94 mg/L) and magnesium 
(30.01 mg/L) were found to be within the limit, while the concentrations of copper, zinc, lead, cadmium, 
chromium, and nickel were found to be below the detection limit (BDL) in all water samples whereas the 
level of iron in Pipalay (12.3 mg/l) during the monsoon season of phase-I and manganese in Karung (1.95 
mg/l) in the monsoon of phase-II was found beyond to the limit as per the standard guidelines of BIS19 as 
shown in Fig.-1 to 2. As the higher concentration of iron can cause deposition in the water tanks, pipelines, 
and water heaters even their presence can affect the taste and color of the food and water and our results 
are as expected.    

 
Bacterial Analysis 

          In the 1st phase (May 2018 to April 2019, a total of 278 organisms were isolated and in the 2nd phase (May 
2019 to March 2020), 293 organisms were isolated from the selected areas.  Escherichia coli (22.4%) was 
the most common organism isolated from the studies, followed by Klebsiella spp. (20.6%), Citrobacter 
spp. (7.5%), Shigella spp. (7.1%), Salmonella spp. (6.8%), Proteus spp. (6.6%), Pseudomonas spp. (8.7%), 
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Enterobacter spp. (4.7%), Aeromonas spp. (2.8%), Providencia spp. (2.9%), Acinetobacter spp. (2.8%), 
Serratia spp. (4%), Morganella spp. (1.2%), Alcaligenes faecalis (0.35%), Hafnia alvei (0.52%), 
Delftiaacidovorans, Moraxella and Escherichahermanii (0.17%). The isolation of organisms had no 
significance in comparison to the two phases and seasonally. 

 

 

 

 
Fig.-1: Concentration of Iron in spring water in selected areas of Sikkim 

 

 
Fig.-2:  Concentration of Manganese in spring water in selected areas of Sikkim 

 
           The rate of organism isolation varied between districts; south district samples had (phase-I = 54; phase-II = 

59); compared to east district samples (phase-I = 80; phase-II = 86). This is because, in comparison to other 
districts, the southern district has recurrent water scarcity all year, as shown in Fig.-3. The principal 
bacteriological groups recognized in the water samples were Enterobacteriaceae, Pseudomonas spp., and 
Bacillus spp. Likewise, other researchers20 have also reported similar findings. E. coli, Klebsiella spp., 
Citrobacter spp., Shigella spp., and Salmonella spp. were found the most isolated organism in the study. 
Pseudomonas spp. isolation from water has also been reported elsewhere.21 Isolation of Salmonella and 
Shigella is a matter of concern and has been reported from stream waters of Nigeria by Shittu et al.22 
However the present study isolated Salmonella Typhi and Salmonella Paratyphi and also Shigella spp. 
Salmonellae spp. can endure in water and soil for a long period if the surrounding factors like humidity, 
pH, etc. are favourable23 Aeromonas hydrophila has been gaining public health importance over the recent 
years as an opportunistic pathogen. Being ubiquitous in nature, it has recurrently been isolated from various 
sources like food, water, and aquatic environments.24 

 

Antibiotic Sensitivity Result 
In the present study, isolated bacteria from different spring water sources in Sikkim have indicated a 
significant percentage of antibiotic resistance: Ampicillin (100%) followed by Tetracycline (81.2%) 
Ceftazidime (66.7%), Cotrimoxazole (65%), Gentamicin (62%) and Amikacin (58%), 
Piperacillin/tazobactam (60%), Imipenem (60%), Amoxiclave (55%), Chloramphenicol (65%), Ofloxacin 
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(54%), Ciprofloxacin (48%) and Amikacin (2.4%). Antimicrobial resistance in the surface water is 
influenced by human, animal and environmental factors.25 

 

 
Fig.-3: Isolated Organisms in Four Districts of Sikkim in Phase-I and Phase-II 

 

              Many authors said that the high level of antibiotic resistance in water is exhibited where more contact with 
human and animal activities occurs.26 The findings of the present study showed that Escherichia coli and 
Klebsiella spp. are more than 40% resistant to various selected drugs. Other authors have also reported 
similar observations.27 Antibiotic resistance in bacteria is accelerated by uncontrolled antibiotic use.28 
Untreated surface water for drinking and domestic use becomes a threat to public health as it serves as a 
reservoir for the transfer of many antibiotic-resistant bacteria.29 The present study brings to attention the 
fact that the resistance trends between phase-I and phase-II among the antibiotics tested were found to be 
increasing for various organisms isolated in spring water due to various factors such as genetic mutation, 
growth of population, and improper use of antibiotics. This is a serious health issue in the state of Sikkim, 
which relies on surface water. Regulatory authorities need to come up with preventive measures. 
 

CONCLUSION 
Water contamination can cause a variety of health problems. Routine basic analysis for drinking water is 
paramount and cannot be compromised. As the spring water has become more contaminated in recent years, 
the study recommends further investigation, raising awareness, regular monitoring, and maintaining 
hygiene systems in and around the sources. 
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