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Abstract: Increase in population and landuse changes near the coastal region have affected the coastal environment. 
Industrialization thrived and population boomed, and groundwater was deemed to be a very important resource for their 
subsequent functioning. The consequent over extracting of groundwater has totally compromised the quality of ground water. 
Sea water intrusion has also grown to be a major issue in the Coastal Taluks of Tiruvallur district which has in turn, affected the 
Agricultural Cultivation and livelihood of many farmers and residents. A total of 37 groundwater samples were collected and the 
water quality assessment had been carried out by evaluating the physicochemical parameters, in order to analyze the degree of 
damage done to the quality of groundwater . The ionic dominance for the major cations and the anions were in the order of EC, 
pH, TDS, Na+ > Ca2+ > Mg2+ > K and Cl - > HCO3- > SO42- > Fl - > CO3, respectively. Most of the samples analyzed were above 
the standard guidelines set by BIS and WHO. Geographical Information System (GIS) was used to analysis the spatial variation 
of chemical content in the ground water. The quality of the water was evaluated using Piper Diagram and also by correlation 
method. The results revealed that most of the samples are not suitable for irrigation. Based on these parameters, groundwater 
had been assessed and was not suitable for drinking and irrigation purpose.  
Keywords: Groundwater Quality, GIS, Anions, Cations, Correlation and Piper Diagram. 

I. INTRODUCTION 
In India, extraction of groundwater has started to increase with the advent of industrialization and population expansions. Hence, the 
quality of groundwater is deteriorating due over extraction. Groundwater, being the major freshwater resource after glaciers and 
polar ice in the world, plays an important role in socio-economic life of the people in Tamil Nadu for domestic and agricultural 
activities. The suitability of groundwater for different purposes depends upon its intrinsic quality which is influenced by inputs from 
the atmosphere, soil and rock weathering, as well as from anthropogenic activities. Due to lack of proper awareness, public 
ignorance of environmental issues, indiscriminate disposal of increasing anthropogenic wastes, unplanned application of 
agrochemicals, and discharges of improperly treated sewage have resulted in the deterioration of surface and subsurface water 
(Singh and Hasnain 1998; Mitra et al. 2007;Kumar et al. 2008; Ishaku 2011; Ewusi et al. 2013; Kalpana and Elango 2013). One has 
almost forgotten that, The value of groundwater lies not only in its widespread occurrence and availability but also in its consistent 
good quality (Rajmohan et al. 2000; UNESCO 2000).  
 
 
 

Parameters Max Min Mean 
WHO 

Guideline value (2004) BIS 2012 
Electrical Conductivity (μS/cm) 8370 400 2584.32 1500 - 
Ph 7.3 5.8 6.8 6.5 - 8.5 6.5 - 8.5 
TDS (mg/l) 4191 212 1417.54 1500 500 - 2000 
Calcium (mg/l) 384 34 129.02 200 75 - 200 
Magnesium (mg/l) 316 19 63.27 150 30 - 100 
Sodium (mg/l) 1051 12 314.45 200 200 - 400 
Potassium (mg/l) 227 0 20.05 12 - 
Carbonate (mg/l) 0 0 0 - - 
Bicarbonate (mg/l) 702 61 366.4 500 - 
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Table: 1 Comparison of analytical results with International (WHO) and National standards (BIS) 

The high population density along the banks of major rivers and coastal areas is attributed to the easy availability of water. The 
search for ground water has also began along the alluvial tracts of rivers and coastal areas. The semi consolidated and 
unconsolidated sediments along the coastline helped mankind to go in for deeper groundwater exploration during the first half of the 
last century. As the exploration advanced towards deeper horizons, problems like salinity hazard, salt water intrusion, land 
subsidence and so on, brought about complications to the situation. The abnormal increase in population and the modern livelihood 
demand more water, which has pressurized the coastal aquifers. 

A. Study Area 
Tiruvallur district is an administrative district in Tamil Nadu. The district has a mixture of urban and rural characteristics. The 
Eastern and Southern part of Tiruvallur district is dominated by urban characteristics. The Northern part of the district is  strongly 
influenced by the Andhra culture due to its position. Tiruvallur District has total of 13 taluks of which only two taluks of coastal 
region has been selected for the research. Ponneri taluk is a taluk of Tiruvallur district of the Indian state of Tamil Nadu. According 
to the 2011 census, the taluk of Ponneri had a population of 385,620 with 193,043 males and 192,577 females. Tiruvottiyur Taluk, is 
located at 13.16°N 80.3°E. It is an esplanade located on the shores of Bay of Bengal. 

B. Material & Methods 
Water samples were collected from bore wells as well as wells that were dug and Handpumps, using clear acid-washed polyethylene 
bottles. Thirty seven groundwater samples were collected for analyzing the chemical parameters. GIS interpretation techniques were 
used to show the spatial variation of ground water. Piper Diagram and Correlation techniques were also used to show the quality of 
ground water.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure: 1 Study Area 

Chloride (mg/l) 2233 46 509.86 600 250 - 1000 
Sulphate (mg/l) 702 14 193.43 250 200 - 400 
Fluoride (mg/l) 1.7 0 0.36 1.5 1.0 - 1.5 
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Figure: 2 Extraction of fresh water near Coastal Area (USGS) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Image: 1 (Samples Collection in field) 

II. RESULT AND DISCUSSION 
Selected physicochemical parameters of groundwater samples were analyzed and the descriptive statistics of the analyzed 
parameters are presented in Table 1. The results are compared with the World Health Organization recommended maximum 
permissible limits and BIS standards. 
The electrical conductivity in the groundwater ranged from 400 to 2370 μS/cm and the mean value is 2584.32 μS/cm. Higher EC 
values are observed in the southern and eastern parts of the coastal region, due to the emergence of the Ennore port and Cement 
factories near the sample area.  Figure 3 shows the spatial distribution of EC values, which keeps increasing as one keeps moving 
from east to west. It is indicating the flow direction and can be considered as a premonition of the sea water Intrusion. The large 
variations in EC are mainly attributed to anthropogenic activities and also to the geochemical processes that occur in this region. EC 
generally increases along a groundwater flow path because of the combined effects of evaporation, ion exchange, and topographic 
conditions (Toth 1999). The data in Table 1 show that pH in groundwater ranges from 5.8 to 7.3 and the average value is 6.8. The 
lowest pH (5.8) is found in the south western part and the highest value (7.3) is found in the sample station 20, which falls within 
the permissible limit. Spatial distribution of pH is shown in Fig. 2. The permissible range of pH for drinking and agricultural 
purposes is 6.5–8.5 (BIS 2012). Majority of the samples fall within the permissible limit. The spatial distribution (Fig. 3) of TDS 
also shows similar variation like EC, and the values range from 212 to 4191 mg/l and mean is 1417.54 mg/l. The TDS concentration 
basically depends on the different ions present in water. The calcium and magnesium ions in waters are generally used to classify 
the suitability of water.  
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Figure: 3 Spatial Variation of Chemical Parameters in Ponneri & Tiruvottiyur Taluks 

A. Cations 
Calcium in the study area varies from 34 to 384 mg/l. High level of Ca is found in central and Southern parts of the study area and 
the lowest level of Ca is in the western parts. Magnesium varies from 19 to 316 mg/l, the region around Ennore port has the highest 
Mg level and remaining regions have extremely low levels of magnesium. Higher concentration of Sodium (Na), is observed near 
port area and near Minjur town. Potassium (K), ranges from 0mg/l to 227 mg/l. 

B. Anions  
Concentration of Carbonate is “0” in the study area. The higher concentration of HCO3 (Bi Carbonate) ranges from 61 to 702 mg/l. 
The chloride (Fig 4) ion is the most predominant natural form of the element chlorine and is extremely stable in water. The chloride 
in groundwater may come from diverse sources such as weathering, leaching of sedimentary rocks and soil, domestic and municipal 
effluents (Sarath Prasanth et al. 2012). Chloride varies from 46 to 2233 mg/l. ICMR and BIS have the prescribed 250 mg/l as the 
maximum permissible value. If the chloride value exceeds 300 mg/l and the major cation is sodium, then the water becomes salty 
(Ravi sankar and Poongothai 2008). Nearly 27% of Cl is found within the Acceptable Limit, 62% falls in the permissible limit and 
10 % of the sample falls above the relaxation limit.  
The data in Table 1 show that Sulphate (SO4) of the groundwater ranges from 14 to 702 and the average value is 193.43 mg/l, the 
distribution of sulfate in aquifers varies throughout the study area. Since it is soluble (easily dissolved) in water, sulfate is found at 
highly concentrated levels in many aquifers and in surface water (MPCA 1999). Sulphate, Nearly 70% of the sample is within the 
acceptable limit, 16 % of the samples are within the permissible limit and 14% of the sample falls above the relaxation limit, which 
are found in the southern parts and in the proximity of the port area.  The content of fluoride is within the permissible limit and 
ranges from 0 to 1.7 mg/l, except for one sample ,which is above the permissible limit and is found in the southern part of the study 
area. As per the standard level of water quality, majority of the samples fall out of the permissible zone. The spatial distribution of 
all the anions and cations is shown in the Figs. 3 & 4. The spatial distribution of major ions of groundwater samples clearly shows 
the flow of ground water from South East to West and North Western directions, which leads to sea water intrusion. In the south of  
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study area, the Chennai Corporation has initiated a plan for city expansion which will eventually hamper the Tiruvottiyur region. As 
per this study, nearly 51% of the ground water is found to be highly hazardous and not fit for drinking.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: 4 Spatial Variation of Chemical Parameters in Ponneri & Tiruvottiyur Taluks 

C. Hydro chemical facies 

 

 

 

 

 

 

 

 

                                                   

Table: 5 Piper Diagram 

The geochemical evolution of groundwater can be easily understood by plotting the concentrations of major cations and anions in 
the Piper trilinear diagram (Piper, 1953). The cations and anion fields are combined to show a single point in a diamond-shaped 
field, from which inference is drawn on the basis of hydrogeochemical facies. The results are plotted on a Piper’s diagram (Fig. 5). 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                                        ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor:6.887 

Volume 5 Issue VIII, August 2017- Available at www.ijraset.com 

 

 261 ©IJRASET (UGC Approved Journal): All Rights are Reserved 

The piper plots shows that most of the water falls into the field of NaCl (sea water), few stations falls into mixed CaMg. This plot 
shows that alkalis (Na and K) exceed the alkaline earth (Ca and Mg) and Cl exceeds other anions. 

D. Statistical analysis 
EC pH TDS CA MG NA K CO3 HCO3 CL SO4 Fl 

EC 1 
Ph 0.34 1 
TDS 0.96 0.3 1 
CA 0.76 0.3 0.8 1 
MG 0.85 0.34 0.73 0.48 1 
NA 0.95 0.28 0.96 0.67 0.75 1 
K 0.41 0.23 0.28 0.28 0.39 0.28 1 
CO3 0 0 0 0 0 0 0 1 
HCO3 0.54 0.5 0.53 0.52 0.35 0.5 0.53 0 1 
CL 0.75 0.17 0.85 0.62 0.56 0.79 -0.12 0 0.19 1 
SO4 0.48 0.9 0.48 0.56 0.2 0.44 0.66 0 0.66 0.07 1 
Fl 0.14 0.16 0.13 0.66 0.1 0.1 0.59 0 0.46 -0.08 0.49 1 

Table: 2 Correlation coefficient of Coastal taluk 

The correlation coefficient is commonly used to measure the relationship between two variables. It is a measure to exhibit how well 
one variable predicts the behavior of the other (Lee et al. 2003). The results show that (Table 2), among the cations, Na has positive 
correlation with Mg, and for the other cations there is no significant correlation but, in the case of anions, SO4 has significant 
correlation with HCO3. HCO3 and K have positive correlation with SO4, and positive correlation exists between Ca and Cl, and F. 

III. CONCLUSION 
This study provides significant information on groundwater quality in the coastal taluks of Tiruvallur district, Tamilnadu, India. 
Based on EC, around 75% of ground water is unsuitable for drinking and irrigation purposes. Some major ions in groundwater are 
within permissible limits for drinking, except in a few places which are nearer to the sea coast. Spatial distribution of chemical 
parameters clearly indicates that, a large amount of water has been extracted by industries and Ennore Port, which has worsened the 
quality of water. Spatial distribution map of EC, TDS, Ca, MG and Na clearly indicates that the sea water, moving toward inland, 
has affected many croplands and is unfit for drinking.  Sea water intrusion has become a serious problem in the study area, mainly 
during the summer. The result of hydro chemical facies reveals that the type of water contains a mixture of  NaCl and CaMg. During 
statistical analysis, the results show that the Na has significant correlation with MG and SO4 has significant correlation with HCO3. 
Majority of agri land have been affected and left barren due to increasing salinity in the ground water. This interpretation will of a 
great help to water resource managers in order to solve environmental problems in the society for developing agriculture in India. 

REFERENCES 
[1] BIS (2000) Drinking water specification. Bureau of Indian Standards, New Delhi 
[2] Central Ground Water Board (2009) Report. South Eastern Coastal Region, Chennai 
[3] Ewusi A and Obiri-yeboah S, Voigt HS (2013) Groundwater quality assessment for drinking and irrigation purposes in Obuasi Municipality of Ghana: a 

preliminary study. J Environ Earth Sci 5(1):6–17 
[4] Kalpana G and A. Shanmugasundharam 2015, Evaluation of total trace metal (TTMs) enrichment from estuarine sediments of Uppanar, southeast coast of 

India, Arab J Geosci. 
[5] Kalpana L and Elango L 2013, Assessment of groundwater quality for drinking and irrigation purposes in Pambar river sub-basin, Tamil Nadu. Indian J 

Environ Protection 33(1):1–8 
[6] Kanagaraj G & SGD Sridhar 2014, Geochemical characteristics of Ground water in parts of Kancheepuram District, Tamil Nadu, India, Enviro Geo Chemica 

Acta. 1(2), Pp 131-139. 
[7] Kumar SK, Rammohan V, Sahayam JD and  Jeevanandam M (2008) Assessment of groundwater quality and hydrogeo-chemistry of Manimuktha River basin, 

Tamil Nadu, India. Environ Monit Assess. 
[8] Lee SM et.al ,2003, “Statistical models for the assessment of nitrate contamination in urban groundwater using GIS. Environ Geol 44:210–221 
[9] Mahamad S, 2015, An assessment of ground water quality of post and pre monsoon in Dharapuram taluk, Tiruppur district 2006 – 12: A GIS based approach, 

International journal of geomatics and geosciences, Volume 5, No 3, 2015. 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                                        ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor:6.887 

Volume 5 Issue VIII, August 2017- Available at www.ijraset.com 

 

 262 ©IJRASET (UGC Approved Journal): All Rights are Reserved 

[10] Mitra B K, Sasaki K, Enari N, Matsuyama and Fujita M 2007, “Suitability assessment of shallow groundwater for agriculture in sand dune area of northwest 
Honshu Island, “Japan; Appl. Ecol. Environ. Res”. 5(1) 177–188. 

[11] Piper AM (1953) A graphic procedure in the chemical interpretation of water analysis, US Geological Survey Groundwater Note 12 
[12] Rajmohan N, et.al 2000. “Major ion correlation in groundwater of Kancheepuram region, south India”. Indian J Environ Protection 20(3):188–193 
[13] Ravisankar N, Poongothai S, 2008. “A study of groundwater quality in Tsunami affected areas of Sirkazhi taluk, Nagapattinam district, Tamil Nadu, India. Sci 

Tsunami Hazards 27(1):47–55 
[14] Shanmugasundharam A and G. Kalpana, 2015, Assessment of Groundwater quality in Krishnagiri and Vellore Districts in Tamil Nadu, India, Appl Water Sci, 

2015. 
[15] Shanmugasundharam A & Saubhagya Ranjan Mahapatra 2015, “High Fluoride concentration in the Groundwater of Uttangarai Taluk, Krishnagiri District, 

Tamil Nadu, Enviro Geo Chemica Acta 2(1): 1- 9 
[16] Sarath Prasanth et.al, 2012, “Evaluation of groundwater quality and its suitability for drinking and agricultural use in the coastal stretch of Alappuzha District, 

Kerala, India. Appl Water Sci 2(3):165–175 
[17] Srinivasamoorthy R et.al, 2014, “Hydrochemical characterization and quality appraisal of groundwater from Pungar sub basin, Tamilnadu, India”, Journal of 

King Saud University – Science, 26, 37–52 
[18] Singh A K and Hasnain S J, 2002, “Aspects of weathering and solute acquisition processes controlling chemistry of sub-alpine proglacial streams of Garhwal 

Himalaya, India”, Hydrol. Processes 16 835–849. 
[19] Toth J (1999) Groundwater as a geologic agent: an overview of the causes, processes and manifestations. Hydrogeol J 7:1–14 
[20] UNESCO (2000) Groundwater pollution. International Hydrological Programme. 



 


