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Abstract 

Understanding the drinking quality of groundwater is 
an essential to ensure the human health. Here the spatial 
distribution of groundwater quality in coastal region of 
(Manavalakurichi) Kanyakumari District is derived using the 
WQI and GIS techniques. The study area is a small town which 
is located at 8.13° North latitude, 77.3° East longitude. In the 
present study water samples from 20 wells are obtained for 
physiochemical analysis. The laboratory based experiments are 
carried to determine the physiochemical parameter of 
groundwater samples namely Electric Conductivity, TDS, pHP

 
P, Cl, 

Total Alkalinity, Total Hardness, Ca, Mg, S, Nitrite, Nitrate, and 
K. Based on the founded physiochemical parameters, the water 
quality index has been computed for each well location. The 
derived water quality index of Manavalakurichi area ranged from 
9 to 110.  The concentration of physiochemical parameters for 
the all the point of study area falls within the permissible limits 
of BIS standards.  The spatial variations of physiochemical 
parameters and water quality index are generated from the 
sample wells location point layer by using spatial interpolation 
techniques of GIS environment. The current groundwater quality 
study reveals that groundwater in the Manavalakurichi is good 
quality for drinking and is suitable for domestic usage.  
 
Keywords: GIS, Physicochemical parameters, WQI, IREL. 

1. Introduction 

The groundwater is considered as a primary 
source of all human water demand particularly in coastal 
region due to lack of surface water availability. The 
groundwater demand was considerably increased due to 
development activities of costal economy and urbanization 
in and around the coastal region. Groundwater level is 
gradually decline due to frequent pumping out of 
groundwater. Over exploitation of groundwater can leads 
to decrease in quality and quantity of groundwater. The 
fluctuation in groundwater table will leads migration of 
contamination and saltwater through aquifer media. The 

quality of groundwater is depending upon the climatic, 
landuse pattern and type of pollutant disposal. So that’s 
why, it is essential to analysis the drinking quality 
standards of groundwater to ensure community health. 
Most of the Indian coastal regions are covered with high 
granulated sand and it consists of more infiltration 
capacity which is a key for contamination of pollutants. 
Because the consumption of polluted water will cause 
severe health impact to the peoples. Quality of water is 
determine by consideration of parameters such as 
Electrical Conductivity, TDS, pHP

 
P, Cl, Total Alkalinity, 

Total Hardness, Ca, Mg, S, Nitrite, Nitrate, and K. Many 
factors that control water quality namely rock-water 
interaction, aquifer lithology and dissolution. In much 
coastal region salt water intrusion is constant threat 
groundwater quality. GIS is an essential tool for 
monitoring and management quality. It is used to 
determine the location involve the threat of contamination. 
Various researchers in our country have carried out 
extensive study on groundwater quality assessment using 
GIS techniques (Partha Pratim Adhikary et al 2012, 
Selvam et al 2013, Y.Srinivas et al 2013, 
G.Gnanachandrasamy et al 2014, N.S. Magesh  et al 2011). 
The prime objective of the present work is to make a 
groundwater quality assessment using GIS, based on the 
available physicochemical data of Manavalakurichi which 
is used generate a water quality index map for the study 
region.               

2. Study Area 

Our study area Manavalakurichi is a small 24Ttown 
of K24Tanyakumari district, Tamil Nadu, South India. Based 
on the 2011 census this area comprises 10,720 inhabitants 
with 79% average literacy rate. The study area is situated 
at 8.13° North latitude, 77.3° East longitude. The 
topographic elevation of this area varied from 4 to 32 
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meters above the 24Tsea level24T. The Manavalakurichi area is 
mostly plain and costal region. Based on the analyzed 
physicochemical parameters of the groundwater in the 
study area, an investigation was carried out to evaluate the 
groundwater quality standards using Water Quality Index 
and GIS techniques. 

 
Fig. 1. Sampling Location of Study Area. 

3. Materials and Methodology 

The collected groundwater samples from 20 
different bore wells were analyzed for physicochemical 
parameters based on APHA (2002) standard methods. The 
location of groundwater sampling station and spatial extent 
of the study area are shown in figure-1. The, Temperature, 
Electrical Conductivity (EC), pH, Total Dissolved Solids 
(TDS) were measured by Water Quality Analysis kit. 
(Model No: PC650, Make: EUTECH Instruments) 
Volumetric analysis has been adopted for measuring Total 
alkalinity, Total hardness, Calcium, Magnesium and 
Chlorides. The turbidity value of each samples were 
measured by turbidity meter. Nitrites and Nitrates were 
measured by colorimetric method by using UV 
spectrometer (Model No: 3320UV, Make: Cyber Lab, 
USA) in which 543nm was used to measure the Nitrite 
concentration whereas 275 nm and 220 nm were used to 
determine the Nitrate concentration.  

Water Quality Index (WQI) is the best tool for 
designate the information about the quality behavior of 
water based on the physiochemical analysis result. In this 
study, Water Quality Index was generated on the basis of 
parameters such as calcium, magnesium, chloride, 
electrical conductivity, TDS, pH, total dissolved solids, 
total alkalinity, total hardness, nitrate, nitrate and sulphate.   
Water Quality Index was computed through comparing the 
analyzed parameters with BIS quality specification. There 

were three steps for computing WQI of a groundwater 
sample (Ravikumar et al., 2013) 

The chemical parameter were assigned based on their 
health importance of humans. Parameters Total Dissolved 
Solids, Fluride and NOR3RP

-
P are having high influence on the 

human’s health which are condaminated in groundwater 
due Landuse and Sub surface geology and also the 
parameters such as Ca2+, K+, Mg2+  causes low influence 
.  

Quality rating scale (qi) and the relative weight (Wi) 
and of each parameter were calculated by using the 
formula given below. 
 𝑞𝑖 = 𝐶𝑖

𝑆𝑖
      (1) 

  
𝑊𝑖 = 𝑤𝑖

∑ 𝑊𝑖𝑛
𝑛=1

    (2) 
Where, 

qi =  Quality rating.  
Ci = Concentration of each chemical parameter in 

each water sample in mg/L. 
Wi = The relative weight,  
wi  =  The weight of each parameter. 
n  = The number of parameters. 

Then the Water Quality Index (WQI) was computed on the 
basis of water quality sub-index (SIi) and the formula is 
given below. 

 SIi = Wi qi     (3) 
  
    n 
 WQI =   ∑ SIi    (4) 
   n=1 
The table 2 illustrates the comparison between the 

BIS recommended values (table 3) with a water quality 
standards based on the water quality index level. 
(Yogendra et al., 2008). 

 
Table I Water quality index and its status. 
WQI Index Status of groundwater quality 

0 – 25 Excellent 
26 – 50 Good 
51 – 75 Poor 
76 – 100 Very poor 
> 100 Unsuitable for drinking 

4. Result and Discussion 

The collected samples were analyzed for various 
physicochemical parameters and compared with BIS 
standards for measuring Water Quality Index (WQI). 
Table 3 shows the comparison between the analyzed 
parameters with BIS/IS standards. 

342 
 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 11, November 2015. 

www.ijiset.com 

ISSN 2348 – 7968 

 

4.1 pH  
Figure 2 illustrated that the spatial variability map 

of pH in the Manavalakurichi costal area. From the figure, 
it has been identified that the pH was found to be from 5.9 
to 7.5 for study area. The pH range in this study area was 
within the desirable limit as per the BIS standards. 

4.2 Total Alkalinity  
The standards for the total alkalinity ranges from 

200 to 600 mg/l. Figure 3 described that the spatial 
variability map of Total Alkalinity in the study area. It was 
ranged between 32 and 320 mg/l.  Here neutralization of 
alkalinity is not required because the TA in all the places 
of Manavalakurachi is within the permissible limit of BIS 
standards.  

4.3 Total Hardness  
Figure 3 shows that the spatial variations map of 

Total Hardness in the study region. It has fallen in the 
range of 40-619mg/l in this area. From this range, it was 
revealed that the harness was coming under the category of 
hard water. From the analysis result, the total hardness of 
the sample stations 4 are already exceeded the permissible 
limits as per the BIS standards. In future the concentration 
of Hardness may increase due to migration of saline water 
in to the groundwater system. 

4.4 EC  
             The spatial distribution of Electrical Conductivity 
in Manavalakurichi has been illustrated in Figure 5. It was 
noticed that the EC for the study area varied from 
187μS/cm to 2461μS/cm. It showed that the Electrical 
conductivity was low in station 15 because of lower in 
concentration of Total dissolved salts and most of stations 
are normal range Electrical conductivity. 

4.5 Calcium  
Figure 6 showed that the spatial distribution of 

Calcium in the Manavalakurichi area. The Calcium in this 
area ranged from 13 to 148 mg/l for entire area. In this 
area, it was observed that almost all the sampling points 
have been in the limit except sampling stations 
1,3,7,9,13,14,18 are having lower range of Calcium. 

4.6 Mg  
 

The spatial distribution map of Magnesium has 
been shown in Figure 7. It varied from 1.03 to 70mg/l for 
Manavalakurichi area. According to the BIS standard, the 
desirable limit and permisible limit of magnesium is  
30mg/l. Here most of the places falling  with in the 
standerd limit, If it exceeds the limit, it reduces the soil 
fertility which causes impact on agricultural activity.  

 

4.7 Chlorides  
The desirable limit of chlorides is 250mg/l and 

permissible limit is 1000mg/l (BIS standards). The spatial 
variation of Chlorides has been established in Figure 6.  
The chlorides for the study area ranged from 42 to 
810mg/l for Manavalakurichi area in which out of 20 
sampling points, 11 places were far away the desirable 
limit of Chloride.  

4.8 WQI  
Water Quality Index has been calculated from the 

selected physiochemical parameters with respect BIS 
standards. Figure 11 showed that the spatial variation map 
of WQI in the study area. The calculated water Quality 
Index for this area varied from 9 110. From the designed 
Water Quality Index values, it has been observed that 
almost all the places were coming under the category that 
is suitable for drinking purposes except sample locations 
05, 17, 20.  Based on the Water Quality Index spatial 
distribution, most of the sampling points have fallen under 
good and poor to suitable category. 
 
Table II comparison of BIS/IS standards with Study area.  

Bureau of Indian Standards 
(BIS Standard IS 10500- 2012) 

Parameters AL PL Min Max Mean S.D 
Turbidity 1 5 0 3 1.1 0.97 

pH 6.5-

8.5 

6.5-

8.5 

5.9 7.49 6.8 0.471 

EC ( μS/cm) _ _ 187 2462 1127 700.3 

TDS (mg/l) 500 2000 123 1625 744 462.2 

TH (mg/l) 200 600 40 620 271.3 175 

TA (mg/l) 200 600 32 320 121.8 91.55 

Cl (mg/l) 250 1000 42 810 286 218 

Ca* (mg/l) 75 200 13 148 67.55 43.05 

Mg* (mg/l) 30 100 1 67 24.6 20.9 

S (mg/l) 200 400 9 40 23 9.58 

NOR3 R(mg/l) 45 45 0 11 4.4 3.84 

F (mg/l) 1 1.5 0 0.2 0.1 0.103 

Na (mg/l) _ _ 13 270 116.9 74.69 

K (mg/l) _ _ 5 62 27.3 18.16 

Fe (mg/l) 0.3 _ 0 0.24 0.09 0.098 

Note: *indicates the permissible values from IS 10500 -2012 

AL acceptable limit, PL permissible limit 
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5. Conclusion 

In the present study, the collected water samples 
of wells in Manavalakurichi area are utilized for obtaining 
water quality information of the study area. Each well 
sample was adopted for a detailed laboratory experiments 
to quantify the various physicochemical parameters 
present in that particular sample. The physiochemical 
analysis result of the ground water samples was compared 
with the BIS drinking water specification. The comparison 
result concludes that the most of the samples are within the 
drinking standards of BIS.  From the analysis, the 
groundwater in the study area is alkaline in nature but falls 
within the desirable / permissible limit. There were less in 
concentration of Nitrates and Sulphate which revealed that 
there is less possibility of contamination through 
agricultural practices because of less farming activities in 
that area. Water Quality Index confirms that the most of 
the samples appears to be suitable for drinking excepts 
sample locations 04 and 20 which are present in Kuzhivilai 
and Andar vilai places respectively. Indian Rare Earths 
Limited (IREL) which is located in Manavalakurachi is 
being in operational since 1950. The effect of this plant in 
physiochemical parameters of groundwater is observed to 
be minimal and insignificant. However the influence of 
other trace elements needs to be studied to ensure the 
quality of groundwater in the study area. 
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Fig. 2. Spatial distribution of pH Fig. 3. Spatial distribution of Total Alkalinity. 
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Fig. 4. Spatial distribution of Total Hardness. Fig. 5. Spatial distribution of EC. 

  

Fig. 6. Spatial distribution of Calcium. Fig. 7. Spatial distribution of Mg. 

  

Fig. 8. Spatial distribution of Chloride. Fig. 9. Spatial distribution of Nitrates. 

345 
 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 11, November 2015. 

www.ijiset.com 

ISSN 2348 – 7968 

 

 
Fig. 10. Spatial distribution of Sulphate 

 

 
Fig. 11. Water Quality Index Map 
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Sample 
No 

Well  
Location TDS EC PH TA TH Ca Mg Na K Fe NOR3 Cl F S 

 
WQI 

1 Parappattu 405 614 6.83 56 76 16 9 98 12 0.2 2 152 0.2 19 22 
2 Pammathumoolai 1060 1607 6.77 192 350 76 38 164 37 0 2 360 0.2 27 65 
3 Asari street 158 239 7.39 40 40 14 1 31 8 0.2 3 42 0.2 9 10 
4 Kuzhivilai 1625 2462 7.29 320 620 148 60 228 48 0.1 8 605 0.2 40 110 
5 Thengai kootuvilai 1219 1847 7.49 232 510 96 65 196 28 0 9 460 0.2 30 88 
6 Padarnilam 1164 1764 5.92 40 400 80 48 194 31 0 1 540 0.2 24 73 
7 Chakkapathu 157 238 7.1 40 48 13 4 27 9 0.1 1 44 0.2 13 10 
8 Vadakan pagam 842 1276 7.38 100 460 128 34 78 14 0.1 0 330 0 34 64 
9 Periya kulam 454 688 6.56 40 144 29 17 86 19 0.2 2 184 0.2 27 29 

10 Pallivasal 1215 1841 6.33 40 420 124 26 210 62 0 1 605 0.2 33 76 
11 Ire 999 1513 6.86 236 340 84 31 188 57 0.1 7 365 0.2 26 66 
12 Chinnavilai 650 984 7.2 216 248 82 11 83 27 0 1 162 0 23 43 
13 Pulluvilai 477 723 6.2 44 124 34 10 98 21 0.2 11 186 0 20 30 
14 Pillayar koil 123 187 7.15 32 64 13 8 13 5 0.1 1 42 0 9 10 
15 Periya vilai 711 1078 6.64 152 292 109 5 92 12 0.1 2 232 0 26 47 
16 Tharuvai 615 931 6.27 156 232 64 17 76 37 0 2 192 0 21 41 
17 Babuji street 499 756 6.37 60 168 45 13 92 19 0.1 9 194 0 14 33 
18 Gandhi nagar 224 339 6.2 48 88 14 12 30 8 0.2 6 80 0 9 17 
19 Aran vilai 658 997 7.1 252 312 98 16 85 31 0 9 136 0 16 50 
20 Andar vilai 1625 2462 7.1 140 490 84 67 270 61 0 11 810 0 40 105 
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