
Introduction

Water is essential for life and plays a vital role in the

Earth’s ecosystem. It is one of the most critical, scarce, pre-

cious, and replenishable natural resource that cannot be cre-

ated [1]. The utilizable water resources in India are estimat-

ed to be 1,123 BCM, out of which 690 BCM are surface

water resources and 433 BCM are groundwater resources

[2]. Groundwater serves as the main source of water in

urban areas. It is used for drinking, industrial, and domestic

purposes, and is often over exploited. Due to the rapid

growth of industries, the disposal of liquid and solid wastes

is increasing, thereby polluting soil and groundwater. If the

waste is not disposed of properly, then it percolates into the

ground and causes problems like groundwater contamina-

tion, degradation of vegetation, soil contamination and

modification of soil properties, etc. Growing use of pesti-

cides, fertilizer, and numerous point sources of contamina-

tion constitute a threat to the quality of groundwater. 

The quality of water is generally defined in terms of its

physical, chemical, and biological parameters [3] and mea-

sured as water quality index (WQI) to assess whether or not

water is potable. WQI is a single numeral that expresses the

overall water quality at a certain location, based on several

water quality parameters [4]. Hence, for any city, the

groundwater quality map is a valuable parameter for evalu-

ating potability and it is also an indication of potential envi-

ronmental health problems [5]. 
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Abstract

Groundwater is an essential natural resource for securing drinking water and plays a significant role in

human wellbeing. However, in recent times the pressure on groundwater has increased both quantitatively and

qualitatively. The drinking water sources are threatened by contamination through human exploitation. The

objective of this study is to assess and map the spatial distribution of groundwater quality in the St. Thomas

Mount Block of Kancheepuram District, Tamilnadu, using geographical information systems (GIS) and

remote sensing (RS). This block has been experiencing rapid industrialization and urbanization, and this has

made people in the area depend on groundwater resources. The suitability of water for drinking purposes in

the study area is calculated using water quality index (WQI), considering land use changes. WQI is calculat-

ed by using standards of drinking water quality recommended by the Bureau of Indian Standards 10500:1993

(BIS) and the Indian Council for Medical Research (ICMR). In the present study, nine water-quality parame-

ters were considered for computing WQI. The inverse distance-weighted (IDW) spatial interpolation tech-

nique was used to estimate the spatial distribution of groundwater parameters and WQI. It was observed from

the WQI map that around 76.5% of the total area is unfit for drinking.
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Geographical information systems (GIS) and remote

sensing (RS) have been used extensively to assess the water

quality all over the world [3, 6, 7]. The advancement of GIS

and spatial analysis helps us to integrate laboratory data

with geographic data, and to model the spatial distributions

of water quality parameters robustly and accurately. 

The objective of this study is to assess and map ground-

water quality in the St. Thomas Mount Block of

Kancheepuram District, Tamilnadu, India, which is affect-

ed by the rapid growth of different kinds of industries,

namely rubber, tannerries, chemicals, pharmatueticals, fer-

tilizers, etc. In India, tanneries play a major role in eco-

nomic development; however, its effluents are ranked as

high pollutants among all other industrial wastes. India

annually produces about 1.6 billion square feet of finished

leather from ruminants alone. The earnings from export

have been of the order of RS 6,000 crores annually [8].

There are over 3,000 operational tanneries in India and over

60% of them are in Tamilnadu. These tanneries generate

effluents of about 1.5 billion litres per day containing sev-

eral thousand PPM of organic and inorganic impurities.

These effluents are disposed on land and water bodies with-

out proper treatment.

Study Area

The study area is the St. Thomas Mount block (Fig. 1)

which lies in the eastern part of the Kancheepuram district.

The block is surrounded by Chennai city in the north,

Kundrathur block in the west, and Tiruporur and

Kattankulathur in the south. To the eastern side of the block

is the Bay of Bengal. The study area is chiefly underlined

by Charnockites of Archaean age and marine sediments of

Quaternary age along the coastal tracts. The predominant

landforms observed in the central and western parts of the

block are buried pediments, shallow and deep, pediment

and residual hills. Backwaters, beach, and coastal plains are

found on the eastern part of the block adjoining the coastal

areas. It includes agricultural areas, built-up areas, forest,

wastelands, water bodies, and wetlands. The rainfall station

considered for this block is located at Tambaram. A maxi-

mum average annual rainfall of 1,702.2 mm and a mini-

mum average annual rainfall of 806.7 mm were recorded in

2005 and 2012, respectively. The groundwater table of the

study area varies from 4 to 6 m. The population of this

block as per 2011 census is around 10 lakhs with total water

demand of 135 lakhs liters. 

Methodology

Land Use and Land Cover Map

Level 1 classification of the land use and land cover

(LULC) map was done with the help of ERDAS 9.1 soft-

ware using LISS III (2000) and LISS IV (2012) satellite

imagery of resolutions 23.5 and 5.8 m, respectively.

Toposheet no 66D/1, 2 and 5 was used to prepare the

boundary map of the study area. To validate the LULC

map, accuracy assessment – an important step in the

process of analyzing RS data – was performed. Twelve sites

were selected based on random sampling, and the ground

truth verification was done for the same sites with the help

of mobile GPS. 

Water Quality Index

The WQI concept is based on the comparison of the

water quality parameters with the regulatory standards, and

provides a single numeral that expresses the overall water

quality at a certain location based on several water quality

parameters. WQI improves the understanding of water

quality issues by integrating complex data and generating a

score that describes the water quality status and evaluates

the water quality trends. In the present study, the WQI was

calculated using the standards of drinking water quality rec-
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Fig. 1. Study area.
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ommended by the Bureau of Indian Standards 10500:1993

(BIS) and the Indian Council for Medical Research

(ICMR). A weighted index method is developed to deter-

mine the suitability of groundwater for drinking purposes.

Fig. 2 shows the location of sampling wells. In the present

study, nine water-quality parameters such as pH, electrical

conductivity (EC), total dissolved solids (TDS), total hard-

ness (TH), calcium, magnesium, bicarbonate, chloride, and

sulphate were considered for computing WQI using Eq. (1).

(1)

…where W is the weightage factor computed using Eq. (2). 

(2)

…where K is the proportionality constant derived from Eq.

(3).

(3)

…where Sn and Si are the BIS/ICMR standards for water

quality parameters.

Quality rating (q) is calculated using 

(4)

…where qni is the quality rating of the ith parameter for a

total of n water quality parameters, Vactual is the value of the

water quality parameter obtained from laboratory analysis,

Videal is the value of the water quality parameter according

to the BIS standards, Videal for pH=7 and for other parame-

ters it is equal to zero, and Vstandard = BIS/ICMR standard of

the water quality parameter.

Results and Discussion 

Land Use and land Cover Map

Figs. 3 and 4 show the LULC map of the study area for

2000 and 2012, respectively. It is classified into six classes:

agricultural area, built-up area, forest, wastelands, water

bodies, and wetlands. The accuracy of the map was

checked by selecting 12 sites using random sampling

method. Out of the 12 randomly selected sites, 10 were

accurately placed on the same co-ordinates as in the LULC

map. This shows that the map has an accuracy of 83%.

From Table 1 it is observed that agricultural lands, waste-

lands, water bodies, and wetlands were converted into

built-up areas, with the forest area remaining the same for

both the years considered.

Spatial Distribution of Water Quality Parameters

Electrical Conductivity 

The importance of Electrical Conductivity (EC) is due

to its measure of cautions, which greatly affects the taste

and thus has significant impact on the user acceptance of

the water as potable [9, 10]. It is an indirect measure of total

dissolved salts. High conductivity may arise through natur-

WQI Anti log 1log10n
nW n q

/n nW K S

1/ 11/n
nK n S

actual ideal standard ideal/ 100niq V V V V
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Fig. 2. Sampling wells.

Fig. 3. Land use map for 2000.
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al weathering of certain sedimentary rocks or may have an

anthropogenic source, e.g. industrial and sewage effluent

[9]. Fig. 5(a) shows the spatial distribution of EC in the

study area. It is observed that the EC varies from 400 to

2,820 mg/l, with a higher concentration of 2,820 mg/l

observed in Madurapakkam, whereas a lower concentration

of 400 mg/l was observed in Injambakkam and Selaiyur.

EC is the capacity of electric current that passes through

water. It is directly related to the concentration of ionized

substances in water and is also related to hardness.

According to Table 1 data, the built-up area increased

around 16% from 2000 to 2012. Electrical conductivity is

the manifestation of the dissolved salts and is an indicator

of water pollution, which has been found to be pretty high

in the present study, indicating a high degree of water pol-

lution due to effluent discharge [11].

Calcium

Calcium is a major constituent of various types of rock.

Calcium is a cause for hardness in water and encrustation of

boilers. Calcium is an essential constituent of human

beings. The low content of calcium in drinking water may

cause rickets and defective teeth. It is essential for the ner-

vous system, cardiac function, and the coagulation of blood

[12]. Spatial distribution of calcium is shown in Fig. 5(b).

The concentration of calcium in the groundwater ranges

from 12 to 100 mg/l. Due to weathering action and organic

matter degradation, a higher concentration of calcium (100

mg/l) was observed in Pallavaram, whereas a lower con-

centration of calcium (12 mg/l) was observed in

Pallikaranai and Sholinganallur. 

Magnesium

Magnesium is the fourth most abundant cation in the

body and the second most abundant cation in intracellu-

lar fluid [13]. It is a cofactor for some 350 cellular

enzymes, many of which are involved in energy metabo-

lism. It is also involved in protein and nucleic acid syn-

thesis and is needed for normal vascular tone and insulin

sensitivity. Low magnesium levels are associated with

endothelial dysfunction, increased vascular reactions,

elevated circulating levels of C-reactive protein, and

decreased insulin sensitivity. Low magnesium status has

been implicated in hypertension, coronary heart disease,

type 2 diabetes mellitus, and metabolic syndrome. Risk

of magnesium toxicity is usually related to severe renal

insufficiency (when the kidney loses the ability to

remove excess magnesium) [14]. Spatial distribution of

calcium is shown in Fig. 5(c). The concentration of calci-

um in the groundwater ranges from 23 to 225.96 mg/l.

Due to anthropogenic pollution, a higher concentration of

magnesium (225.96 mg/l) was observed in Madurapakkam,

whereas a lower concentration was observed in

Injambakkam and Sholinganallur.

Chloride

Chloride in the form of (Cl¯) ion is one of the major

inorganic anions in water and wastewater. The salty taste

produced by chloride concentrations is variable and depen-

dent on the chemical composition of water [15]. Some

water containing 250 mg/L may have a detectable salty

taste if the cation is sodium. On the other hand, the typical

salty taste may be absent in water containing as much as

1,000 mg/L when the predominant cations are calcium and

magnesium [16]. A high chloride content may harm metal-

lic pipes and structures, as well as growing plants [17].

Spatial distribution of chloride in the study area varies

between 71 and 537 mg/l (Fig. 5 (d)). Due to mineral dis-

solution from industries, higher chloride concentration of

537 mg/l was observed in Madurapakkam, whereas a lower

concentration of 71 mg/l was observed in Injambakkam

and Sholinganallur. High chloride content in drinking water

may lead to laxative effects.pH

Table 1. Changes of LULC categories in 2000 and 2012.

No. Categories
Area in

2000 (%)

Area in

2012 (%)

Change in

Area (%)

1. Agriculture 21.533 14.522 -7.011

2. Built-up 48.633 64.560 15.927

3. Forest 3.086 3.086 0.000

4. Wastelands 10.395 6.750 -3.645

5. Water bodies 14.526 10.452 -4.073

6. Wetlands 1.827 0.629 -1.198

Total 100.000 100.000 0.000

Fig. 4. Land use map for 2012.
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Fig. 5. Spatial distribution of water quality parameters: a) Electrical conductivity; b) Calcium; c) Magnesium; d) Chloride; e) pH; 

f) Total dissolved solids; g) Sulphate; h) Total hardness; i) Bicarbonate. 

a)

c) d)

b)SPATIAL VARIATION MAP FOR EC

SPATIAL VARIATION MAP FOR MAGNESIUM SPATIAL VARIATION MAP FOR CHLORIDE

SPATIAL VARIATION MAP FOR CALCIUM

Legend

STUDY AREA BOUNDARY

WELL LOCATIONS

Legend

STUDY AREA BOUNDARY

WELL LOCATIONS

Legend

STUDY AREA BOUNDARY

WELL LOCATIONS

Legend

STUDY AREA BOUNDARY

WELL LOCATIONS

KILOMETERS

KILOMETERS KILOMETERS

KILOMETERS

0    0.75   1.5              3             4.5             6

0    0.75   1.5       3             4.5             6 0    0.75   1.5       3             4.5             6

0    0.75   1.5              3             4.5              6

SPATIAL VARIATION VALUE

SPATIAL VARIATION VALUE SPATIAL VARIATION VALUE

SPATIAL VARIATION VALUE

DESIRABLE – 300 mg/l

PERMISSABLE – 2,250 mg/l

DESIRABLE – 30 mg/l

PERMISSABLE – 100 mg/l

DESIRABLE – 250 mg/l

PERMISSABLE – 1000 mg/l

DESIRABLE – 75 mg/l

PERMISSABLE – 200 mg/l400.206-669.043

669.043-937.880

937.880-1,206.717

1,206.717-1,475.553

1,475.553-1,744.390

1,744.390-2,013.227

2,013.227-2,282.064

2,282.064-2,550.901

2,550.901-2,819.738

23.101-45.641

45.641-68.182

68.182-90.722

90.722-113.262

113.262-135.803

135.803-158.343

158.343-180.883

180.883-203.424

203.424-225.964

71.032-122.819

122.819-174.605

174.605-226.392

226.392-278.179

278.179-329.965

329.965-381.752

381.752-433.583

433.583-485.325

485.325-537.111

12.013-21.751

21.751-31.489

31.489-41.227

41.227-50.965

50.965-60.703

60.703-70.441

70.441-80.178

80.178-89.916

89.916-99.654



1616 Jayalakshmi S., Velappan E.

Fig. 5. Continued.
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pH, one of the most important and frequently used

tests in water chemistry, ranged between 7.03 to 8.16,

which were within the IS and WHO acceptable limits

(7.03-8.16). Practically every phase of water supply and

wastewater treatment, e.g., acid-base neutralization, water

softening, precipitation, coagulation, disinfection, and

corrosion control, is pH dependent [18, 19]. In the study

area considered, pH level of water varies from 7.7 to 9.4

and is not in the desirable limit, which is 6.5-8.5 as spec-

ified by the BIS/ICMR standards. Fig. 5(e) shows higher

pH concentration of 9.4 in Pallavaram due to the mixing

of saline and fresh groundwater and mineral precipitation,

whereas a lower concentration of 7.7 was observed in

Uthandi. 

Total Dissolved Solids

The spatial distribution of TDS ranges between 250 and

1,898 mg/l. According to BIS and ICMR, the desirable

limit of TDS is 500 mg/l. Fig. 5(f) shows that in most of the

places in the study area the TDS exceeds the desirable limit.

If the TDS value is more than 500 mg/l, it may cause gas-

trointestinal irritation. Due to mineral dissolution, a higher

TDS concentration of 1,898 mg/l was observed in

Madurapakkam, whereas a lower concentration of 250 mg/l

was observed in Injambakkam. This is evidenced by the

results of EC. High values of TDS in groundwater are gen-

erally not harmful to human beings, but high concentrations

of these may affect people who are suffering from kidney

and heart diseases [17]. Water containing high solids may

cause laxative or constipative effects [20].

Sulphate

Spatial distribution of sulphate in the groundwater of

the study area shows that the sulphate concentration varies

between 40 and 114 mg/l (Fig. 5(g)). Higher sulphate con-

centrations of 114 mg/l were observed in areas like

Injambakkam, Sholinganallur and Uthandi, whereas

lower concentration were observed in Pallavaram and

Selaiyur. Weathering of rocks due to rapid urbanization

and industrialization, mixing of saline and fresh water,

and the effluents from tanneries located in these regions

may be reasons for the higher concentrations. From Fig. 4

it is evidenced that most of the study area is under the

classification of settlements. Electrical conductivity of

water is a direct function of its total dissolved salts [21].

Hence it is an index to represent the total concentration of

soluble salts in water.

Total Hardness

Hardness is the important parameter for determining the

usability of groundwater [22]. It is a measure of the capac-

ity of water to the concentration of calcium and magnesium

in water and is usually expressed as the equivalent of

CaCO3 [23]. Total hardness is one of the most important

properties of drinking water. Hardness may cause urolithi-

asis [24]. As per standards, the desirable value of TH for

drinking water has to be within 300 mg/l. In the study area

it varies from 170 to 1,000 mg/l. A higher TH concentration

of 1,000 mg/l was observed in Madurapakkam due to

cation exchange, whereas a lower concentration of 170

mg/l was observed in Injambakkam and Sholinganallur

(Fig. 5(h)). This is evidenced from the results of calcium

and magnesium. Dissolved calcium and magnesium in

water are the two most common minerals that make water

hard.

Bicarbonate

Bicarbonate is a major element in our body. The most

important effect of bicarbonate ingestion is the change in

acid-base balance as well as blood pH and bicarbonate con-

centration in biological fluids. Bicarbonate also reduces the

acidity of dietary components such as proteins. Bicarbonate

has been shown to decrease dental plaque acidity induced

by sucrose, and its buffering capacity is important to pre-

vent dental cavities. Fig. 5(i) shows the spatial distribution

of bicarbonate in the study area that varies from 110 to 668

mg/l. A higher concentration of 668 mg/l was observed in

Pallavaram, whereas a lower concentration of 110 mg/l was

observed in Injambakkam and Selaiyur. 
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Fig. 5. Continued.
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Water Quality Index 

Table 2 shows the WQI and status of water quality as

per Indian drinking water standards and ICMR standards.

The weights of individual water quality parameters were

calculated using Eq. (2) and the results are tabulated in

Table 3. The WQI map with the weights shown in Table 3

is shown in Fig. 6. 

The WQI of the study area varies from 81.096 to

142.561. From Fig. 6 it can be observed that water in areas

like Pallikaranai, Madurapakkam, and Selaiyur are unfit for

drinking, while water in areas like Sholinganallur, Uthandi,

Pallavaram, Injambakkam, and Thiruneermalai have very

poor WQI. This is due to the higher rate of pumping for the

industrial and domestic needs. From the LULC map it is

observed that the study area is experiencing fast urbaniza-

tion due to the increase of industrial activities. Deposition

of unauthorized wastes on the ground that leads to seepage

of minerals into the ground and mixing of effluents with the

surface water bodies is also one of the main reasons for

very poor WQI.  

Conclusion 

The LULC maps of the study area for 2000 and 2012

were prepared and it was found that the agricultural land is

reduced to 7.011%, while the built-up area increased to

15.927%, with the forest area remaining the same for both

years, wasteland reduced to 3.645%, water bodies

decreased to 4.073%, and wetlands reduced to 1.198%. The

spatial distribution maps for the drinking water quality

parameters, such as pH, EC, TDS, TH, calcium, magne-

sium, bicarbonate, chloride, and sulphate were prepared. 

It was found that all the parameters exceed their limits due

to rapid urbanization and industrialization and the unautho-

rized deposition of industrial wastes. WQI was calculated

to determine the suitability of water for drinking purposes.

Lack of rainfall, increase in pumping rate, lack of good

water recharge structure, and encroachment of water catch-

ment areas by built-up areas and industries were found to be

the major causes for poor WQI. In areas like Pallikaranai,

Madurapakkam, and Selaiyur water was found to be unfit

for drinking while in areas like, Sholinganallur, Uthandi,

Pallavaram, Injambakkam, and Thiruneermalai the WQI

was very poor. Though the WQI in the study area improves

during rainy season from poor to moderate, the water is not

fit for drinking. To overcome this problem water recharge

structures must be built in this block and the extraction of

ground water has to be restricted.  
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