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ABSTRACT 
Present work reports about the physico-chemical characteristics of groundwater collected from 
Udupi city, Karnataka, India. In order to evaluate the quality of groundwater in the study area, 
35 open wells were selected from 35 wards of Udupi Municipal area and water samples from 
each open well were collected. Analysis is done for various parameters such as pH, Electrical 
Conductivity, Total Dissolved solids, Total Alkalinity, Total Hardness, Sodium, Ammonium, 
Potassium, Magnesium, Calcium, Fluoride, Chloride, Nitrate, Sulphate, Iron, Cobalt, Nickel, 
Cadmium, Lead, Chromium, Manganese and Copper. The obtained results were compared with 
the standards laid down by Bureau of Indian Standards (BIS). Geochemical nature of water was 
determined using Piper's diagram. Suitability of groundwater for drinking and irrigation purpose 
was interpreted. BIS drinking water quality standards were adopted for calculation of Water 
Quality Index (WQI) to find the suitability of water for drinking purpose. Inverse Distance 
Weighing (IDW) technique has been used to estimate the spatial distribution of Water Quality 
Index. Study reveals that about 22.86% of samples belong to good water quality. However 
2.86% of samples belong to unsuitable for drinking category.   

Key Words : Groundwater quality, Inverse distance weighing method, Open wells, Piper's 
Trilinear diagram, Water Quality Index 

 
INTRODUCTION 

Pollutants found in groundwater cover a wide 
range of physical, bacteriological, chemical and 
radioactive parameters. Many of the pollutants 
which play a role in surface water pollution may 
also be found in polluted groundwater, 
irrespective of their importance. Groundwater 
pollution occurs when pollutants are percolated 
into the ground. Groundwater contains some of 
the impurities, even if it is unaffected by human 
activities and they are known as natural 
impurities. The types and concentration of 
natural impurities depend on the quality of 
recharge water and nature of the geological 
material through which the groundwater moves. 
Groundwater moving through sedimentary rocks 
and soils may pick up compounds such as 
magnesium, calcium and chlorides. Most 
concern over groundwater contamination can be 
related to waste disposal some of which are land 
disposal of solid waste, private sewage disposal 
systems, land spreading of sludge, municipal 
wastewater, mine waters, wastewater impound-

ments, brine disposal from the petroleum 
industry, deep well disposal of liquid wastes, 
radioactive wastes, animal feedlot wastes or not 
directly related to waste disposal which includes 
accidents, mining, certain agricultural activities, 
highway deicing, road salt, acid rain, improper 
well construction and maintenance. A number of 
micro-organisms and thousands of synthetic 
chemicals have the potential to contaminate 
groundwater. 
Drinking water containing pollutants can result in 
Illnesses and other deadly diseases. Every 8 
seconds, a child dies from water related disease 
around the globe, 50 percent of the diseases in 
developing countries are caused due to 
contaminated water1.Therefore, the pollution of 
water resources need a serious and immediate 
attention through periodical study of water qual-
ity. Hence, the analysis of groundwater quality 
before it is used for human need is necessary. 
Study area 
It is located in the South-Western portion of 
Karnataka state and has geographical area of 
3598 sq. km (Fig.1 and Fig. 2). The co-ordinates 
of Udupi city is 13° 20' 18" N and 74° 44' 54" E. *Author for correspondence 
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Udupi district experiences coastal climate. The 
climate is hot in summers that is from March to 
May and the temperature reaches up to 40°C and 
in winters that is from Decembers to February 
and the temperature varies between 32°C and 
20°C. The monsoon season starts from June and 
ends in September with an average rainfall of 

more than 4000 mm per year and heavy winds. 
Humidity of the district varies from 61% and 
91%. Major portion of the district is covered by 
lateritic red soil with the alluvium along the West 
coast region. 35 Municipal wards from Udupi 
were selected for the analysis of the groundwater 
of Udupi city. 

 
Fig. 1 : Location of Udupi, Karnataka, India 

 
Fig. 2 : Udupi municipal area 
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AIMS AND OBJECTIVES 
To analyze the physico-chemical parameters of 
groundwater in open wells of Udupi Municipal 
area. To study the hydrogeo chemical relation-
ship of groundwater, Piper's trilinear diagram has 
been constructed. To assess the suitability of 
groundwater for drinking purposes by computing 
Water Quality Index (WQI) and to construct 
spatial distribution map for the spatial 
distribution of Water Quality Index in the study 
area. To assess the suitability of groundwater for 
irrigation purposes. 

MATERIAL AND METHODS 
In order to assess the groundwater quality, 35 
open well water samples were collected from 35 
wards of Udupi Municipal area, at a count of 1 
open well water sample from each municipal 
ward. The samples were collected in properly 
cleaned polythene bottles of 500 ml capacity. 
These samples were analyzed for pH, Electrical 
Conductivity, Total Dissolved Solids, Total 
Hardness, Total Alkalinity, Fluoride, Chloride, 
Nitrate, Sulphate, Phosphate, Sodium, 
Ammonium, Potassium, Magnesium, Calcium, 
Copper, Chromium, Manganese, Iron, Cobalt, 
Nickel, Cadmium and Lead. All the samples 
were analyzed using standard procedures as per 
Central Pollution Control Board. pH meter was 
used for the analysis of pH, Conductivity meter 
was used for the analysis of Electrical 
Conductivity and Total Dissolved Solids, 
Titration method was used for the analysis of 
Total Hardness and Total Alkalinity 
(Bicarbonates, Carbonates, Hydroxides), Ion 
Chromatography was used method for the 
analysis of cations and anions and Atomic 
Absorption Spectrometer was used for the 
analysis of heavy metals.  
The quality of groundwater was categorized by 
plotting Piper's trilinear diagram. Also, all the 
samples were checked for suitability for drinking 
and irrigation purposes. Finally, spatial distribu-
tion map for WQI were constructed using 
ArcGIS 9.2 software.  

RESULTS AND DISCUSSION 
The physico-chemical analysis results of 
groundwater samples of Udupi Municipal area 
are given in Table 1. Most of the parameters are 
well within the permissible limit except for 
electrical conductivity, sodium, ammonium, 
potassium, calcium, fluoride, phosphate and 
chromium. 
Electrical conductivity was exceeding the 
permissible limit only in 1 sample. Higher the 
salt concentration, higher is the electrical 
conductivity 
Similarly, sodium concentration was exceeding 
the permissible limit only in 1 sample. Higher 
level of sodium in water causes increase in blood 
pressure and is harmful for the persons suffering 
from cardiac, renal and circulatory diseases. 
Ammonium concentration was exceeding the 
permissible limit in the case of 10 samples. 
Excess of ammonium concentration in 
groundwater may lead to nitrification or loss of 
chlorine residuals. 
Potassium concentration was exceeding the 
permissible limit in the case of 5 samples. Excess 
of potassium concentration in drinking water 
leads to Nausea and vomitting, diarrhoea, 
hyperkalaemia and heart failure. 
Calcium concentration was exceeding the 
permissible limit only in 1 sample. High calcium 
concentration in water is not suitable for 
washing, bathing and may cause gastro-intestinal 
diseases and stone formation.  
Similarly, fluoride concentration was exceeding 
the permissible limit only in the 1 sample. High 
fluoride concentration leads to fluorosis.  
Phosphate concentration was exceeding the 
permissible limit in the case of 15 samples. High 
phosphate concentration in drinking water causes 
vomiting and diarrhoea, stimulates secondary 
hyperthyroidism and bone loss. 
Chromium concentration was exceeding the 
permissible limit in the case of 4 samples. 
chromium can be present in water in 2 forms, 
i.e., trivalent chromium and hexavalent 
chromium, where trivalent chromium is not toxic 
and hexavalent chromium is carcinogenic. 
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Table 1 : Analysis results and acceptable limits as per IS:10500-20122 

Hydrogeochemical relationship 
Hydrochemical facies of water can be 
classified on the basis of dominant ions using 
the Piper's trilinear diagram3,4 (Fig. 3). 
Following results were obtained : 
Sodium and potassium were dominant among 
all the cations, suggesting that 37.14% of 
samples were sodium and potassium rich water. 
About 22.86% of samples plotted near the 
central zone have no dominant cation. Also, 
5.72% of samples were magnesium rich and 
34.28% of samples were calcium rich. All the 
samples are categorized as bicarbonate rich 
water, as bicarbonate is the dominant ion in all 
samples. It is observed that, out of 35 samples, 
62.86% of the samples belong to Ca2+ -Mg2+ -
HCO3

- type and 37.14% samples fall under Na+ 
-K+ -HCO3

- category, illustrating the presence  
of   temporary   hardness   in the groundwater of    

Udupi  Municipal  area.  The diagram also 
demonstrates the dominance of alkaline earths 
over alkali ((Ca + Mg) > ((Na + K)) in 62.86% 
of samples and the dominance of alkali over 
alkaline earths ((Na + K) > (Ca + Mg)) in 
37.14% of samples. In all the samples, weak 
acidic anions exceed strong acidic anions ((C03 
+ HCO3) > (SO4 + Cl)). It is also observed that 
45.71% of the samples are in the mixing zone, 
where type of groundwater can neither be 
identified as anion nor cation domination. 
Remaining 54.29% samples belong to the 
temporary hardness class, confirming the 
observation made earlier and exhibited 
Magnesium bicarbonate type having carbonate 
hardness, illustrating reverse ion exchange 
responsible for controlling the chemistry of the 
groundwater. None of the samples fall under the 
types originating from halite dissolution (saline) 
or alkali carbonate enrichment5. 

S/N Parameter Maximum Minimum Average 
(IS 10500 : 2012) 

Permissible 
Limit 

1 pH 7.38 3.87 5.62 6.5-9.2 
2 Electrical Conductivity (µS 

cm-1) 
1124 96.48 413.242 1000 

3 Total Dissolved Solids 
(mg/L) 

526.2 46.58 194.991 2000 

4 Total Hardness (mg/L) 288 25.2 89.794 600 
5 Total Alkalinity (mg/L) 248 20 78.4 600 
6 Sodium (mg/L) 188.723 5.17 30.819 150 
7 Ammonium (mg/L) 3.294 0 0.464 0.5 
8 Potassium (mg/L) 27.37 0.53 7.068 12 
9 Magnesium (mg/L) 48.791 0.518 8.760 100 
10 Calcium (mg/L) 319.2 51.79 44.156 200 
11 Fluoride (mg/L) 2.232 0 0.208 1.5 
12 Chloride (mg/L) 45.51 3.50 14.656 1000 
13 Nitrate (mg/L) 25.24 0 4.191 45 
14 Sulphate (mg/L) 14.93 0 2.370 400 
15 Phosphate (mg/L) 5.25 0 0.565 0.1 
16 Copper (mg/L) 0.050 0.026 0.033 1.5 
17 Chromium (mg/L) 0.06 0 0.036 0.05 
18 Manganese (mg/L) 0.2191 0.024 0.056 0.3 
19 Iron (mg/L) BDL BDL BDL 0.3 
20 Cobalt (mg/L) BDL BDL BDL 0.002 
21 Nickel (mg/L) BDL BDL BDL 0.02 
22 Cadmium (mg/L) BDL BDL BDL 0.003 
23 Lead (mg/L) BDL BDL BDL 0.01 
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Fig. 3 : Piper’s Trilinear diagram 

Suitability of groundwater for drinking 
purposes 
Water Quality Index was computed to 
determine the suitability of groundwater for 
drinking purposes. The procedure adopted is 
confirming to World Health Organization 
(WHO) standards6-8. For the calculation of 
Water Quality Index (WQI), 13 important 
parameters namely pH, Total Dissolved Solids, 
Total Hardness, Total Alkalinity, Bicarbonates, 
Calcium, Magnesium, Sodium, Potassium, 

Chloride, Nitrate, Fluoride and Sulphates were 
chosen. 
As per the results obtained (Table 2), about 
22.86% of samples belong to Good water 
quality category (25% - 50%), 54.28% of 
samples belong to poor water quality category 
(50% - 75%), 20% of samples belong to very 
poor quality (75% - 100%) and 2.86% of 
samples belong to unsuitable for drinking 
category ( > 100%). The spatial distribution of 
WQI in the study area is represented in Fig. 4. 

Table 2 : Analysis results of WQI in Open-well water samples 

Sample 
No. 

WQI 
(%) 

Sample 
No. 

WQI 
(%) 

Sample 
No. 

WQI 
(%) 

Sample 
No. 

WQI 
(%) 

Sample 
No. 

WQI 
(%) 

1 34.44 8 32.71 15 72.75 22 37.26 29 78.54 

2 51.33 9 48.52 16 86.94 23 85.42 30 60.16 

3 66.12 10 77.00 17 60.14 24 50.49 31 93.54 

4 61.59 11 57.15 18 55.40 25 48.61 32 54.95 

5 51.10 12 89.95 19 55.69 26 56.36 33 93.36 

6 60.57 13 55.60 20 56.12 27 64.15 34 51.93 

7 100.69 14 36.21 21 53.75 28 43.72 35 44.03 
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Fig. 4 : Spatial distribution map for WQI

Suitability of groundwater for   irrigation 
purposes 
Water is a very important resource which is 
required for both plant growth and agricultural 
production9. Groundwater is a major source of 
water for irrigation purposes in most parts of 
the world. According to IS:11624-198610, the 
quality of irrigation water must be evaluated in 
terms of degree of harmful effects on soil 
properties with respect to the soluble salts it 
contains in different concentrations and crop 
yield. So, a detailed study of the physico-
chemical parameters of groundwater is 
necessary. For the purpose of this study, the 
following parameters are studied in detail, as 
per IS:11624-1986 and WHO standards11,12. 
The high concentration of sodium leads to the 
development of an alkaline soil.13-16 The sodium 

or alkaline hazard in groundwater for agricultural 
or irrigation purposes is found out with the 
knowledge of absolute and relative concentra-
tions of cations, which is expressed in terms of 
Sodium Absorption Ratio (SAR)17-20. The 
classification of groundwater based on their SAR 
values is mentioned in Table 3.  
The total concentration of soluble salts in 
irrigation water can be expressed in terms of 
Electrical Conductivity (EC). Higher value of 
EC retards plant growth.21-24 The classification 
of groundwater based on EC is mentioned in 
Table 4. 
Kelley's ratio measures sodium concentration 
against calcium and magnesium concentration. 
The classification of groundwater based on 
Kelley's ratio is mentioned in Table 5. 

Table 3 : Classification of groundwater based on Sodium Absorption Ratio (SAR) values 

S/N Quality of water 
Limiting values of 

SAR 
(ඥ/ ) 

Total number of 
samples 

Percentage 
(%) 

1 Excellent Below 10 28 80 
2 Good 10 - 18 5 14.29 
3 Doubtful 18-26 2 5.71 
4 Unsuitable Above 26 0 0 
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Table 4 : Classification of groundwater based on their EC 

S/N Quality of water 
Limiting  values of 

EC (micro 
Siemens/cm) 

Total number of 
samples Percentage (%) 

1 Excellent < 250 11 31.43 
2 Good 250 - 750 19 57.14 
3 Permissible 750 - 2250 5 11.43 
4 Doubtful 2250 - 3000 0 0 
5 Unsuitable > 3000 0 0 

Table 5 : Classification of groundwater based on Kelley's ratio 

S/N Quality of water 

Limiting values of 
Kelley's ratio 

(equivalents per 
million) 

Total number of 
samples Percentage (%) 

1 Safe Below 1 18 51.43 
2 Unsafe Above 1 17 48.57 

The soil permeability is affected by long-term 
irrigation, which is influenced by sodium, 
magnesium, calcium and bicarbonate ion 
concentrations of the water used for irrigation. 
The permeability Index values indicate the 
suitability of groundwater for irrigation. The 
classification of groundwater based on their 
Permeability Index is mentioned in Table 6. 
High level of magnesium ions is usually due to 
the presence of exchangeable Sodium ions in 
irrigated soils. The magnesium ratio or 
magnesium hazard is the excess amount of 
magnesium ions over calcium and magnesium  

ions. Excess of magnesium affects the quality 
of soil, which causes poor yield. A magnesium 
Ratio of more than 50% is considered to be 
harmful and is unsuitable for irrigation or 
agricultural purpose. All the samples have an 
index lesser than 50% and hence suitable for 
irrigation purposes. Residual Sodium Carbonate 
(RSC) can be defined as the excess of carbonate 
and bicarbonate ions over the alkaline earths 
such as calcium and magnesium. It affects the 
suitability of water for irrigation purposes and 
the classification of irrigation water based on 
their RSC is shown in Table 7. 

Table 6 : Classification of groundwater based on Permeability Index 

S/N Quality of water 
Limiting values of 
Permeability Index 

(%) 

Total number of 
samples Percentage (%) 

1 Class I Above 75 2 5.71 
2 Class II 25 - 75 10 28.57 
3 Class III Below 25 23 65.71 

Table 7 : Classification of groundwater based on Residual Sodium Carbonate (RSC) 

S/N Quality of 
water 

Limiting values of 
RSC (milli 

equivalents/l) 

Total number 
of samples Percentage (%) 

1 Safe Below 1.25 35 100 
2 Marginal Above 1.25 and Below 

2.5 
0 0 

3 Unsafe Above 2.5 0 0 
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CONCLUSION 
Physico-chemical analysis of groundwater 
samples of Udupi Municipal area conducted 
using various analytical methods shows that 
the quality of groundwater does not show 
much variation and most of the samples are 
within permissible limit. 
It can be seen from the Piper's trilinear 
diagram that majority of the groundwater 
samples were sodium, potassium, bicarbonate 
and calcium rich in water. The diagram 
demonstrates shows the dominance of alkaline 
earths over alkali in 62.86% of samples and in 
all the samples, weak acidic anions exceed 
strong acidic anions. It can also be observed 
that 62.86% of samples belong to Ca2+-Mg2+-
HCO3 type illustrating the presence of 
temporary hardness. 
As revealed by the Water Quality Index (WQI) 
studies, about 22.86% of samples belong to 
good water quality, 54.28% of samples belong 
to poor water quality, 20% of samples belong 
to very poor water quality and only 2.86% of 
samples belong to unsuitable for drinking 
category. 
As per the obtained results, most of the 
groundwater samples were found suitable for 
irrigation purposes on the basis of Sodium 
Absorption Ratio (SAR), Electrical conduc-
tivity (EC), Kelley's ratio, Magnesium ratio 
and Residual Sodium Carbonate (RSC) values. 
But, Permeability Index value showed that 
65% of groundwater samples were unfit for 
irrigation purpose, where soil permeability was 
affected by long term irrigation water and it is 
influenced by Sodium, Calcium, Magnesium 
and Bicarbonate contents of soil. 
It is important to note that, it is the right of 
every human being and organism to have fresh 
and unpolluted water. Therefore, it is essential 
to monitor the quality of groundwater 
periodically. 
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