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ABSTRACT   Water quality assessment is very significant and is useful for the utilization and consumption of water 
for various purposes such as drinking, domestic, agriculture, industrial, etc. Ground water is the major source of fresh 
water in Lakshadweep islands and there is no surface water available except few brackish water Pond in Minicoy and 
Bangaram islands. Water quality index (WQI) provides useful representative information about overall water quality in 
terms of an index number. It helps an easy interpretation and gives a general status of a water body and useful to the 
public and policy makers in water quality management. No globally accepted common method for calculating water 
quality indices. There are different methods formulated by different national and international organizations and 
researchers  for calculating WQI specially for a specific region or a particular area. Weighted Arithmetic Water Quality 
Index Method (Brown et.al.) is used for calculating WQI in this study. Evaluation of water quality using a single method 
is not justifiable but in this study the authors selected this method to provide a general status of ground water more 
easily to the public and policy makers. The WQI  calculated based on 10 important physicochemical parameters such as 
pH, Electrical Conductivity(EC), Total Dissolved Solids(TDS),Total alkalinity(TA), Total Hardness(TH), Calcium(Ca 2+), 
Magnesium(Mg2+), Sodium(Na), Potassium(K),Chloride(Cl). The result shows that 50% of total ground water samples 
are excellent, 14.29% are good and the remaining 35.71% are very poor and unfit for drinking and also for irrigation 
purpose. 
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Introduction 
A group of coral reef island (atoll type) situated in Arabian Sea, Indian Ocean , around 300-400km away  
from the south west coast of Kerala, India, known as   Lakshadweep archipelagos. There are 11 inhabited 
and 16 uninhabited islands and six submerged sand banks and 3 reefs  in this archipelago. Kavaratti  is the 
administrative capital of this group of islands. Geographical isolation of island from mainland, scare natural 
resources, increase in population density and limited land availability, limited transportation and other 
infrastructural facilities and other natural and ecological limitation make great pressure on the inhabitants 
of the islands. Ground water is the major source of fresh water in these island, there is no surface water 
except few brackish water pond occur at Bangaram and Minicoy island. Kavaratti is the second most densely 
populated island in lakshadweep as per the 2011 census data. The per capita land availability(PCLA) is also 
much less( 0.036) compared to the national average ( 0.4ha). PCLA also shows a decreasing trend from 
1981-2001. Ground water occur in these islands as a thin lens floating above and in hydraulic continuity 
with sea water ( Report of Central ground water board 2016).In this study the important various  
physicochemical parameters  analyzed  and determined water quality index. Ground water is the most 
important source of water used for drinking, domestic, agriculture and other purposes. The quality of 
ground water depends various chemical constituent and their concentration is mostly derived from the 
geological data of the particular region ( S.Selvakumar et.al 2014). Generally the quality of ground water 
depends on the composition of recharge water, the interaction between the water and the soil, the soil-gas 
interaction, the rock with which it comes into contact in the unsaturated zone, the residence time, and 
reactions that takes place within the aquifer( freeze and cherry 1979; Hem 1989). There has been 
tremendous increase in the demand for fresh water due to over exploitation and growth in population. 
Pumping of ground water from well using powerful motors has badly affected the quantum and quality of 
water in this island. The population density of Kavaratti island score eight rank in1951(682/km2) and 
second rank in 2011(2656/km2) among the inhabited islands of Lakshadweep, which shows a considerable 
increase of population over years and unscientific development and management of ground water resource  
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naturally increased water consumption  many fold and it results deterioration of ground water and salt 
water intrusion  in many areas of this island especially southern side. 
The presence of fresh water above saline water in the island condition had studied by Badon W Ghyben in  
1888 in Netherland and by Mike in the year 1901 in the islands of North Sea of German Coast(Ghassemi. Et 
al.1990).These two workers established the relation between the fresh water head above mean sea level(h f) 
and the depth to fresh water-salt water interface(hs) to form fresh water lens floating over saline water. This 
is properly known as the Ghyben-Herzberg(GH) approximation. In the simplified form of the GH 
approximation, the ratio of thickness of fresh water lens below and above mean sea level can be represented 
as   

    h =
σ f

σ s− σ f
 

Where  h= ratio of thickness of the fresh water lens below msl to that above msl, 
σ s = density of sea water (normally 1.025) and  σ f = density of fresh water ( normally 1.000) 
From the above, it is implied that under normal conditions, h =40, which means that each meter thickness of 
fresh water lense above mean sea level is supported by a 40 m thick lens below mean sea level. However 
studies in small islands indicate that the ratio of thickness of fresh water above and below msl is highly 
variable. In the Cayman Island it is 1:20 while it is 1:30 in Tarawa and 1:20 in Christmas Island (Falkland, 
1984)  
 

Water quality index (WQI) 
WQI is nothing but an index number represent the overall quality of water. Calculation of WQI is not used 
the whole water quality parameters. It is used only some important water quality parameters. It is useful for 
getting a general quality status of a water body. It is  very effective economic and easy way to assess the 
general water quality status of an area  and the information is useful for communicating the water quality 
trend to the general public and to the policy makers in water quality management. This method of 
assessment is not suitable in all case but it can used in certain case depending on our requirement.    
 

Study area  
Kavaratti is the capital island of U T. of  Lakshadweep, India. It is the most developed island and located in 
the central part of Lakshadweep archipelago. This island is a distance of 404km from Kochi(Kerala) and is 
located between Agatti island on the west and Androth island on the east. The maximum length of the island 
is about 5.5km and maximum of 1.4km width and it is oriented in a NE-SW direction. The total area of the 
island is 4.22 Sq.km and has 3rd rank in size  

 
among the inhabited islands in Lakshadweep. The islands lies between 100 32’N  and 100 35’N latitude and 
720 35’ and 720 40’E longitude. The island has a vast lagoon in its west side and in the eastern part the 
fringing reef is seen without a lagoon in between. This is the second most densely populated island in 
Lakshadweep and consequently the demand for water is quite high. The land area under open space fall 
only 13.05% of total land which is quit less when comparing the overall average of approximately 37.96% . 
The island ranked with second lowest percentage of land under open space among the eleven inhabited 
islands in Lakshadweep. 

“A decreasing water table trend from south to north and also from east to west , resulting in the 
convergence of ground water flow at the low lying portion located near the fisheries office, south west of the 
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northern tip of the island. The water table sloped more steeply towards lagoon than towards the open sea. All 
the wells are influenced by tides. The static storage potential of ground water in kavaratti island is low hence 
the fresh ground water extaction from the island lens required to limit to the sustainable yield” ( Source; 
Master plan of Lakshadweep Island 2025 (2007), Administarion UT of Lakshadweep, Volume 1 ) 
 

Materials and methods 
The water sample collected from 14 randomly chosen well in a polythene container. Collected water 
samples were well labeled and sealed properly. All the samples were brought into the laboratory for further 
analysis. In this study for the calculation of  Water Quality Index, ten  important parameters were choose. 
The Parameters pH, Electrical Conductivity(EC), Total Dissolved Solids(TDS),Total alkalinity(TA), Total 
Hardness(TH), Calcium(Ca2+), Magnesium(Mg2+), Sodium(Na), Potassium(K),Chloride(Cl) were analyzed in 
the laboratory as per the standard procedure of APHA(1998). Important parameters selected for this study 
based on the island geological and hydrological condition and based on various literature review of similar 
nature study. Microbiological parameter couldn’t incorporated in this study due to the limited laboratory 
facilities in the study area and transportation difficulties to mainland. South west monsoon period is the 
chief rainy season in the study area (May-October), hence the sampling for physicochemical water quality 
analysis carried out during the post monsoon period on 24 th November 2016 to assess the highest quality of 
ground water after the maximum  
 

Table.1    Classification of Water Quality based on weighted arithmetic WQI method 

S.No WQI Status Possible usages Grading 

1 0-25 Excellent Drinking, Irrigation and Industrial A 

2 26-50 Good Domestic, Irrigation and Industrial B 

3 51-75 Poor Irrigation and Industrial C 

4 76-100 Very Poor Irrigation D 

5 Above 100 Very poor Unsuitable for drinking and irrigation E 
 

Table 2. Drinking water quality standards, recommending agencies, Unit weight, and Proportionality 
constant value(K).All values except pH and Electrical conductivity are in mg/l 

Sl. 
No. 

Parameters Standards 
Sn 

Recommending  
agency for  Sn 

Ideal value 
(Vid) 

K 
value 

Unit 
weight(Wn) 

1 pH 8.5 IS 7 4.415 0.5194 

2 
Electrical 
Conductivity 

1500 WHO(2004) 0 4.415 0.00294 

3 
Total Dissolved 
Solids 

2000 BIS(1991) 0 4.415 0.00221 

4 Total Alkalinity 600 BIS(2012) 0 4.415 0.00736 

5 Total Hardness 600 BIS(2012) 0 4.415 0.00736 

6 Calcium 200 BIS(2012) 0 4.415 0.0221 

7 Megnesium 100 BIS(2012) 0 4.415 0.0442 

8 Sodium 200 WHO(2004) 0 4.415 0.0221 

9 Pottassium 12 WHO(2004) 0 4.415 0.368 

10 Chloride 1000 BIS(2012) 0 4.415 0.004415 

 
∑Wn 
=1.00 

 

recharging of ground water by the last rainy season. The study area is only having 3.63sq,km land area, even 
though selected 14 well water in the different part of the island for sampling to get more reliable and 
representative data of the entire area.   WQI calculated  by using the drinking water quality standards 
recommended by the World Health Organization(WHO) and Bureau of Indian Standard (BIS) . The 
calculation of WQI  has been done by using weighed arithmetic index method(Brown et.al, 1972) in the 
following expression. 
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Let there be n water quality parameters and quality rating (qn) corresponding to nth parameter is a number 
reflecting relative value of this parameter in the polluted water with respect to its standard permissible 
value. 
 qn values are given by the relationship. 
 

qn=100 (vn-vi) / (sn-vi)  
 
sn = Standard  permissible value of nth parameter            
vn = observed value (estimated value of nth parameter at a given sampling station) vi = ideal value  
In most cases vi=0 except in certain parameters like pH, dissolved oxygen etc.,  
Calculation of quality rating for pH & DO   
 

q pH = 100 (v pH – 7.0) / (8.5 – 1.0)           and  
 

q DO = 100 (vDO – 14.6) / (15.0-14.6).  
 
Calculation of unit weight : The Unit weight (Wn) to various water Quality parameters are inversely 
proportional to the recommended standards for the corresponding parameters.  
 

Wn = k/sn.  
Where Wn = unit weight for nth parameter  
Sn = standard permissible value for nth parameter  
k = proportionality constant.  

K=1/∑ (1/Sn) 
The unit weight (Wn) values in the present study are taken from Krishnan et al., 1995  
 Water Quality Index calculated based on the following equation 
                   WQI= ∑qn wn /∑wn 
 

Result and Discussion 
Evaluation of water quality using a single method is not justifiable but in this study the authors selected this 
method to provide a general status of ground water more easily to the public and policy makers. The result 
obtained from the  study can be concluded that the groundwater of Kavaratti Island occurs under phreatic 
conditions as a thin lens floating over the sea water and is  
 

Table 3. Observed value of various physic chemical parameters of ground water samples from the study 
area 

Sample 
No. 

pH 
EC in 
µ s/cm 

Concentration in mg/l 

TDS TA TH Ca Mg Na K Cl 

S1 7.66 680 329 165.76 229.18 51.67 24.3 51.25 3.75 109.59 

S2 7.53 10340 5670 310.8 2083.5 250.02 354.4 2517 119 4688.09 

S3 7.69 42800 23112 120.17 11250.9 433.37 2470.7 11956 400 46968 

S4 7.48 5680 3000 414.4 1376.11 120 261.48 954 26 1663.49 

S5 7.49 3940 2020 290.08 1125.09 123.34 198.46 576 7 1272.05 

S6 7.88 1210 584 290.08 441.7 48.33 77.96 134.5 2 330.73 

S7 7.85 820 398 215.49 291.69 43.34 44.55 72.2 6.6 109.59 

S8 7.66 7260 3900 455.84 1625.13 123.34 319.9 1212.5 36 2739.8 

S9 7.8 980 473 252.78 458.37 56.67 76.96 36.35 1.75 70.45 

S10 7.79 750 361 281.79 412.53 51.67 68.86 28.34 1.38 43.05 

S11 7.73 1020 491 194.77 391.69 45 67.84 63.05 4.8 101.76 

S12 7.48 1660 818 236.2 562.54 66.64 95.21 152.8 1.05 313.36 
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S13 7.66 1620 794 294.22 550.04 53.34 101.26 164 3.05 313.36 

S14 7.74 1880 926 281.79 666.72 45 134.67 189.1 32.2 356.26 

 

Table  4. Water Quality Index (WQI) of samples from the study area 

Samples 
 
Distance of well from nearest sea coast 

∑Wn ∑qn wn 
WQI= 
 ∑qn wn /∑wn 

S1 120M from east coast 1.00 18.977 18.977 

S2 85M from west coast 1.00 422.38 422.46 

S3 30M east coast 1.00 417.934 418.01 

S4 100M from east coast 1.00 110.81 110.832 

S5 65M from west coast 1.00 44.44 44.45 

S6 290M from east coast 1.00 19.03 19.07 

S7 390M from east coast 1.00 30.245 30.25 

S8 40M from east coast 1.00 149.06 149.08 

S9 590M from east coast 1.00 17.037 17.04 

S10 120M from west coast 1.00 14.634 14.636 

S11 660M from east coast 1.00 24.98 24.985 

S12 330M from west coast 1.00 14.702 14.704 

S13 20M from east coast 1.00 22.373 22.377 

S14 16M from west coast 1.00 114.19 114.21 

 
   Table 5.  WQI of samples and their quality status  

Sl. 
No 

WQI Status Representing  
samples 

No.of Samples in 
each category 

% of samples in 
each category 

1 0-25 Excellent S1,S6,S9,S10,S11,S12,S13, 7 50 
2 26-50 Good S5, S7, 2 14.29 
3 51-75 Fair 0 0 0 
4 76-100 Poor 0 0 0 
5 >100 Very poor, 

Unsuitable/unfit   
for drinking 

S2,S3,S4,S8, S14, 5 35.71 

 

significantly influenced by the rainfall, tidal fluctuation, coral limestone and proximity to sea. These factors 
have considerable role in determining the groundwater quality of the Island. The pH in the study area is 
slightly alkaline in nature. The higher value of conductivity , TDS, Sodium, Chloride, Calcium and Magnesium 
are mainly due to the mixing of sea water by over exploitation and subsequent tidal recharge and with other 
natural factors. In this study, Water quality Index (WQI) state  that 50% of total ground water samples are 
excellent, 14.29% are good and the remaining 35.71%  are very poor and unfit for drinking  and also for 
irrigation purpose. WQI result of the study area shows strong relation with proximity to sea coast. Most of 
the WQI value of samples increases while increasing the proximity of sampling station to the sea coast, but 
the same time in sample S2 does not effect the proximity to sea coast where they use artificial recharging of 
rain water. Above 90% of sample show higher  Mg:Ca ratio. In sea water Mg:Ca ratio is high, hence it may be 
due to the influence  of sea water with ground water. Regular monitoring of these parameters in 
groundwater is necessary. 

Rain water recharging is the best practice for maintaining the thickness of fresh ground water lens 
in Lakshadweep islands. Thickness of fresh water lens is highly depended on the rainfall pattern of the 
island. Unscientific developmental practices, urbanization, mixed land use pattern and very limited land 
availability and free space, decreases the natural rain water recharge day by day. A large number of 
government buildings are available in Kavartti island as the island is the capital of UTL. Therefore need to be 
ensured rain water harvesting from all government buildings and schools for storage and direct recharging 
to ground water. A portion of the land area in southern end is used for solar power plant, due to the 
proximity to sea coast ,rainwater receiving in solar plate are washed off  to sea by surface runoff and causes 
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a great loss of rain water for ground water recharging.  Rain water collection and recharging of ground 
water from solar panel in solar plant need to be explored. Use of high horse power pumping motors should 
strictly be controlled. Pumping of huge quantity of fresh ground water for the construction of government 
and private building should strictly monitor and ensure protection of ground water lens from deterioration 
through various management practices. 
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