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ABSTRACT
The present study has been carried out to assess the quality of groundwater resources of Ernakulam district, Kerala, India. The sample 
was collected from five target areas, which include Edathala, Nedumbassery, Perumbvoor, Eloor and Paravur points in Ernakulam district and 
analyzed for pH, TDS, alkalinity, total dissolved solids, total hardness, dissolved oxygen, chlorides, iron and presence of Coliforms (based on 
MPN index) as well. On analyzing the MPN of Coliform levels, it was found that Coliform bacteria contaminated all the samples except 
S4 and is not suitable for drinking purposes. A well water sample taken from Perumbavoor was highly contaminated with a Coliform 
content of 2400 CFU/mL. The well waters exhibited TDS (average values from 19–181 mg/L), total hardness (6.2–87 mg/L), alkalinity 
(2.5–80 mg/L), pH (5.1–7.2), turbidity (0.1–7.5 NTU), chloride (8–31 mg/L), dissolved oxygen (6.67–8.27) and total iron as Fe (0.08-0.72 
mg/L). The total iron content and turbidity from sample S5 exceeded the maximum permissible limits and all other parameters were 
within the acceptable limit for drinking purposes.
Keywords: Groundwater quality, Physicochemical parameters, Microbiological quality.

INTRODUCTION
India is rich in water resources, being endowed with a network of 
rivers and blessed with snow cover in the Himalayan range that can 
meet a variety of water requirements of the country.[1] It can be found 
as surface water in lakes, streams, rivers, ponds, shallow aquifers, 
oceans, seas, ice caps, glaciers, etc., and as ground water that can be 
acquired as spring water, well water, and borehole water.[2] Water has 
a remarkable capacity to absorb heat and is crucial to the metabolic 
processes of both plants and animals as well as to their physiology.[3]

Even though groundwater is assumed to be one of the safest 
drinking water sources, it certainly is not safe and impervious to 
microbial contamination.[4] Industrialization, urbanization and 
extensive agricultural activities are the potential causes for the 
degradation of the quality and quantity of groundwater,[5-7] and 
any decline in water quality could have an impact on both human 
and agricultural health. Runoff from informal settlements and 
sewage plant discharges are two major variables impacting the 
microbiological quality of surface waters. Fecal coliforms are the 
most common indicator organisms used to evaluate microbiological 
quality. Total coliform count indicates a degree of pollution in water.[8] 
Reports have shown that the presence of coliform in groundwater can 
be an indicator of fecal contamination.[9-12]

Pathogenic microorganisms contaminating the water is now a 
major global problem. The main causes of bacteria in the aquatic 

environment are the disposal of human waste and municipal waste 
water through sewage and drainage ditches systems. Human 
pathogenic bacteria, particularly members of the coliform, can inhabit 
fishes and aquatic environments.[13] Increased levels of F. coliforms 
provide a warning of

Failure of the water distribution system and possible contamina-
tion with other pathogens such as Escherichia coli, Shigella spp., 
Salmonella spp., cholera, etc.[14] Water becomes unsafe for human 
consumption or usage when it contains pathogenic or disease-causing 
microorganisms. The consumption of unhygienic drinking water and 
the uses of unsafe water for daily purposes lead to the prevalence 
of diseases like diarrhea, typhoid, cholera and bacillary dysentery 
among the population.[15]

In India, roughly 80% of rural water supply for domestic uses is 
met from groundwater.[16] In addition, because of the filtering nature 
of the soil and frequent long residence time underground, groundwater 
is commonly much cleaner than surface sources. The groundwater of 
Kerala is getting contaminated by various effluents and anthropogenic 
activities.[17] Groundwater contamination problems are detected in 
many parts of the state, including groundwater of various river basins 
of Kerala was assessed by CWRDM.[18,19] groundwater of Karakulam 
Grama Panchayat,[20] Kazhakuttam block[21] of Thiruvananthapuram 
district, coast of Ernakulam district by Sreekesh et al.,[22] etc. The 
major ground water quality problems of groundwater of Alappuzha 
were reported to be due to chloride, TDS and fluoride.[23]
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Consumption of water contaminated with hazardous chemicals or 
pathogenic microorganisms poses serious health threats or various 
waterborne diseases. It is estimated that about 80% of all sicknesses 
and diseases in the world are caused by inadequate sanitation, polluted 
water or unavailability of water.[24] Although the Bureau of Indian 
Standards (BIS) has fixed the quality standards for drinking water, 
most of the drinking water sources are below the standards due to 
excess pollution.[25] For the effective maintenance of water quality, 
we need continuous monitoring of the water body. No specific 
work has been done so far to assess the ground water quality status 
of this area. The current study examines the physicochemical and 
biological indicators of water quality collected from five different 
areas in Ernakulam district in the month of December 2022. The 
chemicals parameters used were pH, TDS, alkalinity, chloride, 
turbidity, odor, taste, iron and dissolved oxygen (DO). The study 
also aimed to assess the suitability of the well waters for domestic 
purposes. So an investigation on the existing water bodies and its 
quality is necessary from the point of view of identifying area with 
high pollution and suggesting treatment measures so that water can 
be brought into potable levels.

MATERIAL AND METHODS

Study Area
The state usually receives a tremendous amount of rain water, about 
2,800–3,200 mm of rain every year. There are 44 rivers and 34 
backwaters, mostly in the form of lakes and ocean inlets and others 
are fresh water lakes. Besides this, the state is blessed with numerous 
streams, about 18,600 ponds and over 70 lakhs dug wells. Kerala is 
one of the most dug well density areas in the world.[26]

For this study, water samples were collected from five target 
areas: Edathala, Nedumbassery, Perumbavoor, Eloor, and Paravur. 
Due to the area’s high population density, the research of the water 
quality for these places is seen as being of utmost importance. The 
drinking water source of the people around this place is mainly 
ground water from wells, which are prone to pollution by the leachate 
to canal water in the surrounding areas. The study area and sampling 
locations are given in Fig. 1 and Table 1.

Sample Collection
Water samples were collected from four wells separately on 10th 
December 2022 between 8.00 to 9.00 am for chemical and 
microbiological analysis. Samples were brought to the laboratory 
in pre-cleaned polythene bottles of 1L capacity. Samples were 
kept cool in darkness until the chemical analysis is completed. 
Samples for microbiological analysis were placed in sterilised vials. 
There was 20 mm of empty space in the bottle, which allowed for 
efficient shaking.

Chemical Analysis
The collected samples were analyzed for various parameters like pH, 
TDS, alkalinity, chloride, total hardness, turbidity, odor, taste, iron 
and DO. Analytical-grade chemicals and doubly distilled water were 
used for the analysis. The water quality parameters were analyzed 
in accordance with the American Public Health Association[27] and 
the quality parameters were followed as suggested by the BIS.[25] 

Table 1: Sampling sites

Sample no Sampling point Longitude, latitude

S1 Edathala 10.06979, 76.368657

S2 Perumbavoor 10.095631, 76.440153

S3 Eloor 10.073884, 76.312384

S4 Nedumbassery 10.157698, 76.331672

S5 Paravoor 10.180289, 76.197105

pH of the samples were determined using pH meter. Turbidity was 
measured using turbidity meter. Total dissolved solids were measured 
using a conductivity meter. Total iron was estimated by UV-visible 
spectrophotometer and chloride was analyzed by argentometric 
titration. Total alkalinity was measured by acidimetric titrations and 
dissolved oxygen by a titrimetric method using sodium thiosulphate 
solution. The total hardness of the water samples was estimated using 
complexometric titrations.

Microbiological Analysis
For microbiological examination, five samples of water were gathered 
one at a time from every section. The instances were gathered in 
glasses that had been previously sanitized and carried in ice cases to 
the lab within inside shortest amount of time to prevent mistakes 
because of the growth of microorganisms. The most probable number 
(MPN) technique was used for the determination of total coli forms 
(TC) and fecal coli forms (FC).

Most Probable Number (MPN)
Coliforms were counted using the MPN multiple-tube fermentation 
approach. Three 10 mL, three 1-mL, and three 0.1 mL quantities 
of the proper dilution of water samples were inoculated in the 
corresponding nine fermentation tubes for the presumptive test for 
coliforms. Inverted Durham tubes were also placed in lactose broth to 
detect gas generation. The test tubes were inoculated and incubated 
for 48 hours at 37℃, and those with air bubbles were validated by 
plating on eosin methylene blue agar (EMB) at 37°C for total coliforms. 
The MPN test can be finished in three steps:

Presumptive Test  of MPN
The presumptive test is a coliform bacteria detection method that is 
specific. An inverted gas vial is placed in a lactose fermentation broth, 
and measured aliquots of the water to be analyzed are added. Due 
to the fact that these bacteria can use lactose as a source of carbon 
(other intestinal organisms are not), using this media makes it easier 
to discover them. Bile salt, a surface tension depressant, is also present 
in the lactose fermentation broth, employed in order to inhibit the 
growth of organisms other than coliform bacteria. Water aliquots of 
10 mL, 1-mL, and 0.1 mL are added to the lactose medium tubes for 
inoculation. There are a minimum of three groups in the series, each 
with three tubes of the designated media. The sensitivity increases 
with the number of tubes per group. The color change in the tube 
shows bacteria growth in the water samples (Fig. 1).

Confirmed Test of MPN
The purpose of this test is to verify the existence of coliform bacteria 
in cases where a positive or questionable presumptive test result is 
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obtained. From such an assumed tube, a loopful of growth is placed 
into a tube containing brilliant green lactose bile (BGLB), 25 broth 
(or another lactose broth) and incubated for 48 hours at 35°C. Lactose 
functions as a selective agent in the medium. A Durham tube to 
measure the generation of gas is also included in the broth tube. A 
loopful of growth from a positive tube is streaked into an EMB agar 
plate, which is then incubated at 35°C for 18 to 24 hours. E.Coli and 
Enterobacter aerogenes, two common coliform bacteria, grow well on 
this. Total coliform in brilliant green bile lactose broth is given in Fig. 2.

Completed Test of MPN
This test assists in verifying suspicious and, if desired, confirmed 
positive test results. A lactose broth tube and the surface of a 
nutritional agar slant were infected with a typical coliform colony 
obtained from an EMB agar plate. After that, they were incubated for 
24 hours at 35°C. A gram stain was prepared from the organisms on 
the nutrient agar slant and the broth was examined for the formation 
of gas after a full day. It is certain that there are coliforms in the water 
sample if the organism is a rod that is non-spore forming, gram-
negative and releases gas in the lactose tube. The completed test of 
MPN for all the samples are given in Fig. 3.

RESULTS AND DISCUSSION

Physicochemical Parameters
The well water samples collected from five target areas were analyzed. 
The analysis of ground water samples includes the determination of 
inorganic constituents and bacteriological studies. Results of the 
physicochemical analysis are given in Table 2 and Figs 4 and 5.

Fig. 1: Presumptive MPN test
S1 S2 S3 S4 S5

S1 S2 S3 S4 S5

Fig. 2: Total coliform in brilliant green bile lactose broth

Turbidity in water indicates the presence of pathogens, bacteria and 
other metal contaminants like lead, iron, mercury etc., which are 
harmful to human health. The desirable rate of turbidity is 1 NTU with 
a permissible rate upto 5 NTU for the drinking water. All the water 
samples except 5 are within the permissible range. The turbidity 
of the well water sample from Paravur is 7.5 NTU. The increase 
in turbidity may be due to soil contamination by soil particles.[28] 
Flood water might be a cause for the increase in turbidity of 
the water sample collected from the Paravur region. High 
turbidity can interfere with disinfection and water treatment 
process and that can provide a medium for microbial growth 
and contamination. Iron, algae and other suspended particles 
can increase the turbidity of surface water during the summer 
season. The increase in turbidity of sample 5 can be attributed 
to the presence of iron and other suspended pollutants.[29] 
The pH scale measures how evenly hydrogen and hydroxyl ions are 
distributed throughout water. In many different forms of geochemical 
equilibrium or solubility calculations, the pH of water gives crucial 
information. The ideal pH range required for drinking water is 
between 6.5 and 8.5 as per BIS, 2012, USPH and ICMR.[25,30] The 
pH of the studied water samples ranged from 5.1 to 7.2 as shown in 
Table 2. The pH of all the samples except 1, 2 and 4 are within the 
permissible range. Water samples from sampling stations 1 and 4 are 
slightly acidic. Low pH can cause a sour taste to drinking water. Low 
pH can cause corrosion and acidic water may leach metals like Pb, 
Mn, Cu, Fe etc., present in the soil. In such circumstances, the water 
becomes toxic for human beings depending on the concentration of 
leached metals. Total dissolved solids (TDS) is a measurement of the 
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total amount of all inorganic and organic substances, whether they 
be in the form of molecules, minerals, or microscopic suspended 
grains. TDS up to 500 mg/L is the greatest desired level and up to 
1,000 mg/L is the highest permissible level, according to WHO 
specifications. The study shows that all the well waters have TDS 
values below 500 mg/L and the sample from station 3 shows a 
maximum TDS value of 181 mg/L.

The carbonate alkalinity of all the samples is below the desirable 
limit of 200 mg/L. Lower alkalinity values suggest the absence of 
hardness and contaminants like chloride, calcium and magnesium 
in the well water of Ernakulam district. Alkalinity values for all the 
samples vary from 5 to 80 mg/L. The total hardness studied for all 
the samples ranges from 6.2 to 87 mg/L. Thus all the water samples 
are considered as soft as prescribed by BIS. From the results, it is clear 
that the presence of chloride is also very low, which is in agreement 
with the hardness and alkalinity of water samples. The increase in 
iron concentration can cause an increase in turbidity and also an 
unpalatable metallic taste to drinking water. The iron concentration 
of all the samples is within the desirable limit of 1 mg/L.

Dissolved oxygen determines the organic matter content in water 
bodies. More organic concentration can lead to lesser DO. Lower 
DO gives a bad odor to water due to the anaerobic respiration of 
organic matter.[31] Dissolved oxygen is high for sample 1 and low for 

samples 3 and 5. It can be due to the low organic matter content in 
S1 compared to other water samples.

Statistical Analysis
Correlation analysis of the physico-chemical parameters was 
performed using SPSS software, version 20, Table 3. The result 
shows that there are positive correlations between Fe and turbidity 
(0.965), hardness versus TDS (0.958) and alkalinity versus hardness 
(0.958). In the present study hardness can be considered as a water 
quality indicator parameter to potentially facilitate the rapid and 
cost-effective monitoring of ground water because of their correlation 
with other physicochemical characteristics.

Biological Parameters
Coliform bacteria belong to a broad group that includes numerous 
species. Coliform bacteria are generally not harmful. Numerous coliform 
species can be found in the soil, however they’re not created by nature 
in the subsurface. F. coliform or E. coli is the target of this test. Such 
bacteria are signs that the water in the well has been contaminated 
with animal excrement contact, a serious risk for spreading illness.

Microbial analysis revealed that faecal Coliform contamination 
was observed in all samples except 4 (Table 4).

Sample 1 Sample 2

Sample 3 Sample 4

Sample 5

Fig. 3: The completed test of MPN for the samples S1-S5

Fig. 4: Variation of turbidity, pH,  Fe and DO from various  sources

Fig. 5: Variation of TDS, hardness, chlorides and alkalinity from various sources
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Table 2: Comparison of water quality characteristics results observed in the present study with the scientific standards set by various regulatory agencies

Sample parameters
Water quality standards

S1 S2 S3 S4 S5
BIS USPH WHO ICMR

Turbidity 1 - 5 2.5 1.4 0.1 0.1 0.1 7.5

pH 6.5–8.5 6–8.5 6.5–9.2 6–8.5 5.9 6.2 6.7 5.1 7.2

Total dissolved solids 500 mg/l 500 1000 500 19 30 181 36 115

Total iron as Fe 0.3 mg/l 0.3 0.3 1 0.32 0.24 0.12 0.08 0.72

Total hardness
as CaCO3

200 mg/l - 300 300 7.0 8.0 87 6.2 79

Chloride as Cl 250 mg/l 250 250 200 9.0 9.0 31 13 8.0

Alkanity as CaCO3 200 mg/l - 200–600 200 5.0 5.0 57.5 2.5 80

Dissolved oxygen - 4–6 4–6 - 8.27 7.73 6.67 6.93 6.67

Table 3: Correlation coefficient of physicochemical parameters of ground water

Turbidity pH TDS Fe Hardness Chloride Alkalinity DO

Turbidity 1

pH 0.666 1

TDS 0.237 0.684 1

Fe 0.965** 0.694 0.111 1

hardness 0.5 0.825 .958* 0.389 1

Chloride -0.408 0.165 0.778 -0.521 0.571 1

alkalinity 0.724 0.877 0.84 0.623 .958* 0.316 1

DO -0.326 -0.361 -0.755 -0.106 -0.738 -0.489 -0.71 1

** Correlation is significant at the 0.01 level (2-tailed).

* Correlation is significant at the 0.05 level (2-tailed)

Table 4: Total coliform count of water samples (Source: APHA [37])

Parameters Results Normal range

S1 240 CFU/mL <1 CFU/100 mL

S2 2400 CFU/mL <1 CFU/100 mL

S3 240 CFU/mL <1 CFU/100 mL

S4 NIL <1 CFU/100 mL

S5 21 CFU/mL <1 CFU/100 mL

The highest value for total coliform count was found in sample 2. 
According to the World Health Organization, a zero count of E. coli 
per 100 mL of water is considered safe for drinking. A count of 1 to 
10 MPN/100 mL is regarded as low risk; 11–100 

MPN/100 mL is medium risk. The well water bacterial 
contamination may be due to improper disposal of organic garbage 
from septic tanks or pits.[32] Many studies reported in coastal Kerala 
also recorded the presence of Fecal coliform contamination.[32-37]

Water samples were gathered from various places in order to 
investigate the existence of coliforms and determine the reasons 
behind their presence in the water. By analyzing the report, out of 
5 water samples, 4 of them are non-potable because of the presence 
of coliforms in the well water.

CONCLUSION
The above-mentioned study demonstrated that the varied outcomes 
from five separate groundwater stations were compared with those 
set forth by the WHO, ICMR, and BIS. The total iron content 
and turbidity from sample S5 exceeded the maximum permissible 
limits and all other parameters were within the acceptable limit of 
drinking purposes, indicating that groundwater from all stations 
should be used for drinking according to the physical and chemical 
parameters. According to microbial studies, 4 out of 5 wells, water 
was contaminated with total coliform bacteria and is not potable. The 

present study of well water in Ernakulam district reveals that all the 
water samples except sample 4 are unsuitable for drinking purposes 
and outdoor bathing without proper disinfection and water treatment.
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