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ABstrACt

 A water quality index (WQI) is a tool which numerically summarizes the information from 
multiple water quality parameters into a single value and this information can be used to assess 
spatial and temporal variations in overall water quality. However, these indices are time and region 
specific and may be influenced by local factors. In the present study, water quality index has been 
worked out to assess the spatial and temporal variation of groundwater quality status for future 
planning and management of North Goa. Data of 19 groundwater samples were collected in the year 
2005 during January, March and April, are used for the analysis. The Water Quality Index has been 
computed using four parameters viz. pH, Total Dissolved Solids, Total Hardness and Chloride. The 
WQI results show that the overall water quality class is ‘good’ and water is acceptable for domestic 
use. 
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INtroduCtIoN

 Rapidly growing population and poor water 
supply facilities have encouraged people to dig 
their own wells in many areas which have resulted 
in large scale withdrawals of groundwater in Goa. 
Generally, water samples are analysed for a number 
of water quality parameters to assess its suitability 
for drinking and irrigation purposes.  A water quality 
index (WQI) numerically summarizes the information 
easily from multiple water quality parameters into 
a single value that can be used to assess spatial 
and temporal variations in overall water quality. The 
WQI has been developed for surface water by many 
researchers1-5 but the efforts are being made to work 
out these indices for groundwater also in various 

geographical parts of India like in Indo-Gangetic 
plains where these indices have been computed for 
Haridwar district of Uttarakhand, Muzaffarnagar and 
Shamli districts of Uttar Pradesh6-7.  

 Though water quality evaluations have 
been done by many researchers in various areas 
but Water Quality Index (WQI) has not developed for 
most of the areas. Keeping this in view, the present 
work has been carried with the overall objectives (i) 
to assess the suitability of groundwater for drinking 
purpose, as per guidelines reported by Singh et al.8, 
in North Goa, India computing Water Quality Index 
(WQI) tool, (ii) to categorize the groundwater quality 
samples for drinking purpose.
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study area
 The study area lies in Bardez taluk of 
North Goa within the watersheds of Baga River 
and Nerul creek (around 74 km2) and covered by 
Survey of India toposheets number 48E/10, 48E/14 
and 48E/15 on 1:50,000 scale. It is bound by rivers 
Chapora and Mandovi in north and south directions 
respectively, besides Arabian Sea in the west and 
encompasses coastal tract from Fort Aguada in the 
south to Fort Chapora in the north (15 km) and given 
in Figure 1. Around 30 km2 area close to the coast 
(15 km along the coast and 2 km wide) is more prone 
to seawater intrusion. The topography in the area 
consist of isolated hills of laterites ranging in height 
from 40 to 80 m above mean sea level surrounded 
by very gently sloping low elevation areas. The land 
elevation in the plain varies from 0 to 20 m above 
msl.

 The general climate of the area is mainly 
tropical and is influenced to a large extent by 
the conditions in the Arabian Sea. The climate is 
characterized by high humidity and less extremes of 
temperature. The temperature varies between 20oC 
to 33oC and the average relative humidity is between 
70 to 90%. The bulk of the rainfall is received during 

the south-west monsoon (June to October). The 
approximate numbers of rainy days are 110. The 
annual rainfall varies from 1700 mm to 3600 mm.

 The rocks in the study area consist 
of crystalline and metamorphic rocks of the 
Precambrian age. The metagraywacke is a hard, 
compact, dark gray to green coloured rock. This rock 
is more prone to laterisation with the result that there 
are some outcrops in the area.

 Groundwater in the study area generally 
occurs under unconfined conditions in the sandy 
aquifers of the plains and under semi-confined 
conditions in the aquifers constituted of laterite and 
graywackes. The area occupied by phyllites and 
laterites may contain water in joints and weathered 
zones under semi-confined conditions. In the sandy 
formation, it is the primary porosity which controls 
the movement of groundwater whereas in laterites 
and phyllites, the secondary porosity including joints, 
fractures and shear zones play an important role in 
groundwater movement.

 The water table is very shallow and mostly 
less than 10 m from ground. The main source of 

Fig. 1: location map of study area
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recharge to the aquifers is rainfall. Major part of the 
rainfall flows to the sea as direct surface runoff.

methodoloGy

 A part of the coastal area in Bardez taluk 
of North Goa was identified for the present study. 
Twenty observation wells were identified in the study 
area (Figure 2). Monthly groundwater level data were 
measured in observation wells during September 
2004 to August 2005. Groundwater samples were 
collected from 19 observation wells in January, 
March and April, 2005. Groundwater samples were 
analysed using the standard methods9. 

 For computing the Water Quality Index 
(WQI), the groundwater quality data of 19 sampling 
points (Figure 2) are used.  For calculating the Water 
Quality Index (WQI), the methods followed by Singh 

et al.8 have been employed. In the present study, four 
parameters have been considered to compute the 
WQI. However, large numbers of parameters yields 
more reliable prediction of WQI but in the present 
work limited numbers of parameters were available 
viz. as pH, Total Dissolved Solids, Total Hardness 
and Chloride. The water quality index was calculated 
using quality rating scale and accordingly assigning 
the weight values to the selected parameters. 
The standards of the water quality parameter are 
governed as per BIS: 10500-2012 and Central 
Pollution Control Board (CPCB) standards and their 
respective weight used in the present study are 
highlighted in Table 1.
 
 Methodology for overall Water Quality Index 
(OWQI) has been developed for surface water by 
Singh et al.8 which can be used for groundwater 
also10.  

Fig. 2: map showing sampling locations in North Goa

table 1: Assignment of significance weight 
to the water quality parameter8

sl.  parameter Weight  standards
No.  Factor (Is-10500)(1991)

1 pH 1 6.5-8.5
2 Total Dissolved Solids (mg/l) 3 500-2000
3 Total Hardness (mg/l) 1 300-600
4 Chloride (mg/l) 1 250-1000
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table 2: WQI and corresponding class and status of water quality8 

Class WQI Value status of Water

Heavily Polluted 0 – 24 Unsuitable for All Purposes
Poor 25 – 49 Special Treatment needed
Fair 50 – 74 Needs Treatment (Filtration & Disinfection)
Good 75 – 94 Acceptable Quality
Excellent 95-100 Pristine Quality

Fig. 3: depth to water level variation in North Goa during sep., 2004-Aug., 2005

 As reported by Singh et al.8, to gauge 
the influence of each individual parameter on a 
common single scale, the score generated by each 
parameter was averaged-out. The following weighted 
average aggregation function has been used for this 
purpose.

   ...(1)

 Where, wi = weight of the ith water quality 
parameter and Yi = sub-index value of the ith 
parameter (as reported by Singh et al.8). Sub-indices 
functions are basically the equations that transform 
the concentration ranges into the index score through 
mathematical equations. These scores are then 
converted to a common scale based on their relative 
importance to impact the quality of water. These 
sub-indices functions were developed based on the 
water quality standards and their concentrations in 
particular ranges. Mathematical expressions were 
fitted for each parameter to obtain the sub-index 
equations.

 Based on the status of water quality data, 
the index value ranges from 0 to 100 and is classified 
into five categories: heavily polluted (0-24), poor 
(25-49), fair (50-74), good (75-94) and excellent (95-
100). The status of water corresponding to different 
WQI values is presented in Table 2. If the index is 
low, then it indicates that some of the water quality 
parameters are beyond permissible ranges due to 
some particular reason and suitable measures are 
needed to improve the quality of water. Thus this 
index may be used as a guiding rule in management 
of quality of water resources. Various sub-indices 
functions and descriptive details are given by Singh 
et al.8 and have not reported here.

results ANd dIsCussIoN

 Depth to water level (DTW) observations 
in the study area from September, 2004 to August, 
2005 showed that the maximum DTW was found 
during the period March, 2005 to May, 2005 while 
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Fig. 4: depth to water level variation in North Goa during Nov., 2004 and Aug., 2005

table 3: statistical summary of physico-chemical 
parameters of groundwater samples (n =19)

parameters ph  mg/l  Water Quality 
  tds Cl- total hardness Index 

January, 2005
Minimum  5.63 70.00 15.95 40.00 81.30
Maximum 7.54 440.00 65.58 94.00 100.00
Average 6.47 220.53 35.54 62.00 92.44
Std. Deviation 0.45 112.67 16.57 17.93 7.66
March, 2005
Minimum  5.51 80.00 17.72 32.00 81.30
Maximum 7.39 500.00 76.21 108.00 100.00
Average 6.36 243.68 42.91 59.89 89.82
Std. Deviation 0.47 122.39 20.40 20.81 7.56
April, 2005
Minimum  5.46 90.00 19.49 14.00 69.60
Maximum 7.20 1150.00 373.99 106.00 100.00
Average 6.29 307.37 67.91 50.63 89.53
Std. Deviation 0.46 242.44 79.86 26.12 9.45

the minimum depth to water level was observed in 
the month of July, 2005 in all the wells (Figures 3, 
4). As evident from Figure 4 that there was a rise in 
water level in July, 2005 as compared to November 
2004, this may be due to monsoon rains.

 The statistical summary of measured 
parameters and WQI variation of 19 samples are 
given in Table-3 and Figure 5, respectively. The pH 
values ranged between 5.63 to 7.54 in January, 2005 
while, in March and April, 2005 these were between 
5.51-7.39 and 5.46-7.20, respectively, indicating 

samples were acidic to slightly alkaline. The TDS 
increased from 70-440 mg/l in January, 2005 to 
80-500 mg/l and 90-1150 mg/l in March, 2005 and 
April, 2005, respectively. Compared to BIS standard 
limit of 600mg/l very high TDS in April, 2005 may be 
due to increase in chloride concentrations from 35.54 
mg/l in January, 2005 to 67.91 mg/l in April, 2005. 
Average total hardness decreased from 62 mg/l in 
January, 2005 to 50.63 mg/l in April, 2005. 

 The maximum and minimum value of WQI 
has been found to be 100 and 69 which falls under 
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Fig. 5: spatial variation of water quality index in groundwater samples of North Goa

‘Excellent’ and ‘Fair’ category, respectively as per the 
Table 2. In the present study, in January, 2005 it is 
observed that 47% samples qualify in the ‘Excellent’ 
category and are of pristine quality, 53% samples fall 
in ‘Good’ category and are acceptable for domestic 
use. In March, 2005, 32% samples qualify in the 
‘Excellent’ category and are of pristine quality, 68% 
samples fall in ‘Good’ category and are acceptable 
for domestic use. In April, 2005 it is observed that 
37% samples qualify in the ‘Excellent’ category and 
are of pristine quality, 58% samples fall in ‘Good’ 
category and are acceptable for domestic use while 
5% samples qualify in ‘Fair’ category which needs 
‘Filtration and disinfection’ treatment.  In overall, the 
groundwater quality is good (Figure 5).

 Similarly, in Haridwar district of Uttarakhand, 
India, WQI was computed using seven different 

quality parameters to assess the suitability of 
groundwater for drinking purposes and 95% 
groundwater samples qualified in the category of 
‘good to excellent’6.

 Krishan et al.7 computed WQI in groundwater 
of Muzaffarnagar and Shamli districts using WQI 
using data of 104 groundwater samples for five 
parameters viz. pH, Total Dissolved Solids, Total 
Hardness, Chloride and Sulphate. The WQI indicated 
that the overall water quality class is ‘good’ and water 
is acceptable for domestic use.   

 Tiwari et al.11 reported in a study conducted 
for developing WQI for groundwater resources in 
West Bokaro coalfield, India that despite the coal 
mining and industry, an analysis of the chemistry 
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of 33 dug wells samples indicated that 79% of 
groundwater samples found under excellent to good 
category and suitable for drinking purposes.

 For the present study in North Goa, 
samples were collected in pre-monsoon season 
of 2005, so continuous monitoring of groundwater 
well is required in the study area to assess the 
recent groundwater status for drinking purpose 
using water quality index. For this, a groundwater 
monitoring network should be designed and 
planned scientifically in the study area12.  The water 
level should be analysed quantitatively for proper 
planning13-19. 

CoNClusIoNs

 The WQI has been computed based on four 
different quality parameters to assess the suitability 

of groundwater for drinking purposes in Goa. The 
results show that in overall the groundwater quality 
is good.

 Though the present WQI is based on four 
parameters, as per the available data, there is a 
need to include more water quality parameters 
for the assessment. The continuous monitoring of 
groundwater is required in Goa to get the recent 
groundwater quality status for better human health 
and economic development and also to check any 
possible contamination in future due to sea water 
intrusion. A re-assessment of the WQI based on the 
recent data will be useful for the proper management 
of the groundwater resources. 
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