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ABSTRACT: 
Groundwater is one of the important sources for drinking water in the world. The demand for 
groundwater has increased over the years due to intensive irrigation practices and population growth 
which in turn caused depletion of resources and deterioration of quality and this has led to water 
scarcity in peri-urban area. In view of this, quality studies have been undertaken on 24 groundwater 
samples collected from peri-urban villages of Chennai region and then tested in the laboratory for 
various physical as well as chemical parameters and using GIS techniques to identify out the 
temporal changes. In the present study the groundwater samples were located from different 
locations during pre-monsoon (2019) and post-monsoon (2020).The calculated water quality index 
results shows that 100% falls in the good water category. The Wilcox and USSL diagrams, SAR, 
Na% and RSC indicate that groundwater falls under the permissible category for irrigation purpose. 
Based on the physico-chemical analysis, the TDS, TH, calcium, magnesium, and chloride ions in 
most of the ground water samples of both pre monsoon and post monsoon are within the permissible 
limit values recommended by BIS. 
Keywords: Physiochemical analysis, WQI, Irrigation water quality, Peri-urban area, Chennai. 
 
INTRODUCTION: 
Water is the essence of life and nearly 165 billion litres of water needed per day in India [1]. Climate 
change plays an important role in affecting groundwater quantity in arid and semi-arid regions 
through variation of groundwater recharge due to time, duration and magnitude [2]. In the present 
situation, in most of the cities in India, the daily water demand is met by groundwater utilization, as 
the surface water is either deficient or polluted. Groundwater is the main source that is commonly 
used for drinking and irrigation purpose in rural, urban and semi-urban areas [3.4]. It is estimated 
that about 45% of the irrigation water requirement is met from groundwater sources [5].Groundwater 
quality is generally assumed to be safe for consumption because it is located beneath the land surface 
and is not typically in contact with the atmosphere [6]. Due to the shortage and contamination of 
surface water, the dependency on groundwater has been increased within a few decades to meet 
water requirement for drinking, irrigation and other uses. The main source of life for many people in 
the world is the groundwater [7].The pollution of groundwater is a major problem due to rapid 
urbanization and industrialization [8].In developing countries like India; about 80% of all diseases 
are mainly associated with poor drinking water quality and unclean conditions [9]. The water 
demand is continuously increasing mainly due to population growth and raising needs in industrial 
uses and domestic purposes. Groundwater has become an essential resource over the past few 
decades due to the increase in its usage for drinking, irrigation and industrial uses etc. The quality of 
groundwater is equally important as that of quantity [10]. Groundwater occurs almost everywhere 
beneath the earth surface not in a single widespread aquifer but in thousands of local aquifer system. 
The rapid growth of urban area has two basic benefits of groundwater resources. Hydro-chemical 
characteristics of groundwater can also be analysed for the groundwater assessment [11]. Water 
quality index (W.Q.I) provides a single number that expresses overall water quality at a certain 
location and time, based on several water quality parameters [12].  A water quality index based on 
some very important parameters provides a single indicator of water quality. In general, water quality 
indices incorporate data from multiple water quality parameters into a mathematical equation that 
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rates the health of a water system with number [13].Water quality is very important for the growth of 
crops. An excess of dissolved ions in irrigation water affects the soil structure, reducing crop 
production capacity of the soil and affecting the quality of agricultural products. Excessive sodium 
levels in the water will result in soil permeability being reduced [14], which adversely affects crop 
quality and yield [15].Geological Information system mapping techniques is the best representative 
tool in the assessment of groundwater quality and its utilization for domestic and irrigation needs 
[`16] .There is a possibility of changes in groundwater quality due to hydrology and geologic 
conditions over a period of time [17]. During last decades, this is observed that groundwater get 
polluted drastically because of increased human activities. Consequently, number of cases of water 
borne diseases has been seen that is a cause of health hazards. To safeguard the groundwater, the 
quality of water must be monitored periodically. The groundwater samples from the study area were 
collected for two seasons viz, Pre-monsoon and Post-monsoon. The main objectives of the study are 
to analyse the groundwater quality and its suitability for drinking and agricultural purposes on the 
study area. Water quality is the measure of concentration of dissolved chemical constituents in water, 
which is due to natural and anthropogenic influences. The present study was carried out in the south 
peri-urban area of Chennai, Tamil Nadu. The major source of drinking and irrigation purposes is the 
availability of groundwater. 

 
STUDY AREA: 
The Southern part of the Chennai metropolitan area is chosen for conducting the study. It comes 
under the administrative boundary of the St. Thomas Mount, Tiruporur and Kattankulathur Blocks of 
Kancheepuram District, Tamil Nadu, and it is located immediately adjacent to the Chennai city 
boundary. The study area chosen as consequent nine villages of these blocks, and lies between the 
east longitudes 80°08′19.1″ to 80°12′11.52″ and the north latitudes lies between 12°49′35.59″ to 
12°54′2.37″. The aerial extent of the study area is 30.9 km2. It comprises nine village panchayats 
namely Madurapakkam, Koilancheri, Moolacheri, Agaramthen, Ottiyambakkam in the St. Thomas 
Mount Block, Moolacheri and Ponmar in the Tiruporur Block, and Vengadamangalam in the 
Kattankulathur Block. Fig.1 shows the location and the boundary map of the study area There are no 
major rivers or system tanks other than some medium and small tanks, and some of the tanks are 
well connected and form a drainage network. Most of the surplus during the heavy monsoon floods 
these areas, and finally goes to the Pallikaranai swamp, stretching from north to south. Almost all the 
drainage flows from west to east, except certain undulations due to topography, and finally end in the 
Bay of Bengal. Most of the precipitation in the Kancheepuram district occurs in the form of cyclonic 
storm caused due to the depressions in Bay of Bengal chiefly during northeast monsoon period.The 
normal annual rainfall over the district varies from 1105 mm to 1214mm.The minimum and 
maximum temperature are 20°C & 42°C. Rocks decide the quality of the ground water, charnockite 
rocks of the archaen age is the most widespread rock type of this area. The exposures of charnockite 
are found along the western and south-western periphery of the study area in the form of low hills 
and hillocks. Isolated outcrops of charnockite are also noted, and several quarries present in the area 
and well cuttings reveal the disposition of this rock type.Groundwater samples were collected in an 
open well from predetermined locations based on the land use practices. A total of 15 water samples 
were collected from different locations in the study area. Pre-cleaned polypropylene bottles were 
used to collect water samples for physical and chemical analysis. Some parameters like pH, TDS, 
EC, Temperature tested in-situ, in the sampling collection point itself. The ground water level in an 
Open Well is measured with the help of premeasured markings in the thread. The GPS coordinates of 
the locations were recorded by using handheld mobile GPS. 
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MATERIAL AND METHODS: 
Groundwater samples were collected in an open well from predetermined locations based on the land 
use practices. A total of 15 water samples (Fig.2) were collected from different locations in the study 
are during pre-monsoon 2019 and post-monsoon 2020. Pre-cleaned polypropylene bottles were used 
to collect water samples for physical and chemical analysis. Some parameters like pH, TDS, EC 
tested in-situ, in the sampling collection point itself. The ground water level in an Open Well is 
measured with the help of premeasured markings in the thread. The GPS coordinates of the locations 
were recorded by using handheld mobile GPS. Water quality parameters (chloride, sulphate, 
hardness, magnesium, calcium etc.,) were analyzed in the laboratory according to the methods given 
in the Standard Methods [18]. 
 
RESULT AND DISCUSSION: 
Field work is conducted and groundwater samples are collected from various locations in pre and post 
monsoon season with the help of the map. The samples are tested using standard procedures in the 
laboratory. The water quality data is linked to the sampling location for preparing spatial maps in the study 
area using Arc GIS software. The seasonal variations of physico-chemical characteristics of the groundwater 
samples in the study area are discussed below and presented. The suitability of groundwater of this area for 
drinking and irrigation purposes was assessed by comparing the measured concentration of ions and other 
parameters with the recommended ranges given by [19]. 
 
HYDROGEN ION CONCENTRATION (PH): 
The pH is considered as an important ecological factor and provides an important factor and 
information in many types of geological equilibrium or solubility calculation [20]. It has no direct 
effect on human health; it controls the quantity and chemical structure of a number of organic and 
inorganic matters which dissolved in the groundwater [21]. The permissible limit of pH a value for 
drinking water is specified a 6.5 to 8.5 [19]. Values of pH were measured a well site, which range 
between 6.9 to 8.2 and 7.3 to 8.1 during pre-monsoon 2019 and post monsoon 2020 respectively. 

Fig.1 Location map of sampling point Fig.2 Location of the groundwater 
sampling sites 
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Groundwater were found mildly acidic and alkaline in nature.  Spatial distribution map of pH all the 
samples are within the permissible limit of drinking water standards (Fig.3).  It has no direct adverse 
effect on health.  If the pH is not within the prescribed, it damages mucous membrane present in 
eyes, nose, mouth, abdomen, anus etc.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TOTAL DISSOLVED SOLIDS (TDS): 
TDS values represent the various types of minerals present in water in terms of the mineral 
contamination, which in turn reflects the nature of salinity water [22]. Higher the ionisable solids, 
greater will be the TDS. The most important among these is effect on taste. TDS generally tells the 
quality of the water. In natural water, TDS is usually less than about 600 mg/l considered to be good, 
whereas the TDS level greater than about 1000 mg/l is not acceptable for drinking [19]. The low 
content of soluble salts in groundwater samples which can be used for drinking without any health 

Fig.3 Spatial distribution map pH 

Fig.4 Spatial distribution map for TDS 
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risk. Weathering or dissolution of soils and rocks generated ions in water [23]. The classification of 
groundwater of the study region based the range of TDS as recommended by [24] falling under fresh 
water (<1000 mg/l) and very few samples are brackish water (1000-10000 mg/l). The desirable limit 
of TDS of drinking water is 500 mg/l and 2000 mg/l as the maximum permissible limit has been 
suggested for drinking water [19]. The TDS of groundwater of the study region were varies from 475 
to 1176 mg/l in pre monsoon 2019 and 460 to 1115 mg/l in post monsoon 2020.Almost all the 
groundwater sample had TDS within maximum permissible limit (<2000 mg/l) of [19]. The spatial 
distribution of TDS is presented in maps (Fig.4) majority of the location are fresh water (TDS<1000 
mg/l). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TOTAL HARDNESS (TH) : 
The hardness is the important characteristic of groundwater because the use of water depends upon 
hardness values. Hardness in groundwater is derived largely from contact with soil and rocks [25]. 
TH can be divided into two type Carbonate hardness is the amount of carbonate and bicarbonate in 
solution that can be removed by boiling, while non-carbonate hardness is presence of sulphates, 
chlorides and nitrates. When Ca and Mg can be removed by boiling water called permanent hardness 
[26]. The major cations that contribute to the hardness are calcium and magnesium ions in 
groundwater. Hard water might lead to the cause’s alkali taste, scales in pipes and in boilers and also 
increases incidence of Urolithiasis and also causes heart diseases and kidney stones in human beings. 
Total hardness in groundwater varies in the pre monsoon (2019) from 220 to 745 mg/l and in the post 
monsoon (2020) varies from 250 to 525 mg/l. The most desirable limit of TH in water use for 
drinking purpose is 300 mg/l and the maximum permissible limit is 600 mg/l based on [19]. Almost 
majority of groundwater samples is below the maximum permissible limit and very few samples 
exceeded the limit. The spatial distribution of total hardness is shown in fig.5. 
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CHLORIDE (CL): 
In natural freshwater high concentration of chlorides is indicator of pollution. Chloride in excess 
imparts a salty taste to water, and people who are allergic to high chloride are subjected to laxative 
effects. Excess of chloride is due to anthropogenic activity like septic tanks effluents, usage of 
bleaching agents by people nearby borewell.The higher concentrations of chloride in the 
groundwater may be attributed to the percolation of domestic sewage and irrigated land water 
[27].Chloride gives salty taste to water and higher consumption of chloride rich drinking water cause 
hypertension, stroke, left ventricular hypertension, renal stones and asthma in human beings. Surface 
water often has low concentration of chlorides as compare to groundwater. The concentration of 
chloride in groundwater in the study area varies from 74.97 mg/L to 499.845 mg/L in the pre 
monsoon (2019) and it varies from 92 to 357 in the post monsoon (2020). Chloride content above 
250 mg/l makes water salty in taste; however, within the maximum permissible limit is 1000 mg/l 
[19]. The spatial variation and distribution of chloride ions in groundwater in the study area is shown 
in Fig.6. 
 
DRINKING WATER QUALITY INDEX : 
 
 
 
 
 
 
 
 
 
 
 
 
 
The WQI is commonly used for the detection and evaluation of water pollution level of water. It is 
one of evaluation techniques of water quality. Based on the WQI, five categories  
of drinking water quality have been established: excellent (<50) acceptable (50-100), bad (100-200), 
extremely poor (200-300) and not appropriate for drinking (>300). WQI is one of the most effective 
tools to communicate information on overall quality status of water to the concerned user community 
and policy makers. The values of selected parameters of groundwater quality data and BIS water 
quality standards were used for calculating water quality indices. WQI was calculated by using the 
Weighted Arithmetic Index method as described by [28, 29]. The water quality standard values, 
corresponding weight, relative weight was presented in the table. WQI values of the year 2010 and 
(2019- 2020) pre-monsoon and post monsoon are calculated. In 2010 both pre and post monsoon are 
found to be good water (Fig.7), but in 2019 pre-monsoon shows excellent to poor categories and in 
2020 post monsoon it shows excellent to good water. Quality status is assigned on the basis of 
calculated values of water quality indices to include the collective role of various physicochemical 
parameters on the overall quality of drinking water is good.  
 
IRRIGATION WATER QUALITY : 
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Irrigation system has a significant role in the quantity and intensity of crop production and largely 
depends on groundwater in India. Good quality of irrigation water is essential for achieving plant 
growth, crop yield, soil quality and human health, it is essential to assess the water quality for 
irrigation utilizes in the agriculture areas. Concentrations of dissolved salts mainly control the quality 
of irrigation water. High salt content in water used for irrigation may affect the soil structure together 
with the permeability rate and aeration. Groundwater suitability for irrigation purpose in this study 
area was assesses using sodium percentage (Na%), Sodium adsorption ratio (SAR), Residual sodium 
carbonate (RSC) and United States Department of Agriculture classification. Groundwater in most of 
the study area was found to be suitable for irrigation. 
 
US SALINITY DIAGRAM : 
A more detail information of the analysis with respect to SAR can be obtained from US salinity 
laboratory diagram [20]. It can be used to identify potential sources of contamination from surface 
runoff, such as urban or agricultural activities. Based on the SAR the quality of groundwater may be 
classified into four types (Fig.8). The SAR value in the study area ranges from 0.56 to 2.67 with an 
average of 1.59 in the pre monsoon and in the post monsoon it varies from 0.84 to 4.59 with an 
average value of 2.09. All the groundwater samples contain SAR less than 10,so they come under the 
excellent water quality types for irrigation[31]. The plot of US salinity diagram [30], in which EC is 
taken as a salinity hazard and SAR as an alkalinity hazard shows that majority of the groundwater 
samples in the study area during both the seasons fall in C3S1 indicating high salinity and low 
sodium water, which can be used for irrigation in almost types of soil with little danger of 
exchangeable sodium.  Even with adequate drainage, special management or salinity control may be 
required and good salt tolerance crops like cotton, sunflower, chilly, cotton etc. may be selected.  
Very few samples fall in C4S1 indicating water suitable for plants having good salt tolerance but 
unsuitable for irrigation in soils with restricted drainage. 
 
 
 
 
 
 
 
 
 
 
 
 
WILCOX DIAGRAM: 
For suitability of irrigation water, classes of relative stability generally express quality of water. 
Sodium concentration is important in classifying the water for irrigation purposes because sodium 
concentration can reduce the soil permeability and soil structure[32,33] and this help little or no plant 
growth. Soil containing a large proportion of sodium with carbonate as the predominant anion is 
termed alkali soils with chloride or sulphate as the predominant anions are saline soils. Both the 
types of soil do not support plant growth. So, sodium is concentrated as a main factor for 
determining groundwater suitability for irrigation purposes. According to wilcox [34] classification 
of irrigation water with respect to sodium percentage (Na%) and Electrical conductivity (EC) a 
shown in diagram. All the samples are suitable for irrigation purposes. 
The %Na in the study area ranges from 11.57% to 43.42% with an average of 26.5% in the pre 
monsoon and in the post monsoon it varies from 17.31% to 59.31 %with an average value of 33%. 
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According to the Indian Standard, maximum of 60% sodium is permissible for irrigation water. From 
the percent sodium calculation, it was observed that 20% samples were excellent, 73.33% samples 
were good, 6.67% samples were permissible in pre monsoon Samples and in the post monsoon it was 
observed that 6.67% samples were excellent, 73.33% samples were good, 20% samples were 
permissible (Fig.9). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
RESIDUAL SODIUM CARBONATE (RSC): 
Residual Sodium Carbonate (RSC) is to identify the alkalinity hazard for soil and to find suitability 
of water for irrigation [35]. The water with high RSC has high pH and land irrigated by such waters 
becomes infertile owing to deposition of sodium carbonate as known from the black colour of the 
soil and affects crop yields[36].The RSC value <2.5 safe for irrigation, a value between (2.5-4.0) is 
marginal and value >4.0 is unsuitable for irrigation. Further the value of RSC is negative indicating 
that there is no complete precipitation of calcium and magnesium.RSC values of groundwater 
encountered in the present study at different locations was always found to be less than 1.25. Hence, 
groundwater at all the surveyed locations is quite safe for irrigation use. It is observed that 100% 
samples were safe for irrigational uses on the basis of RSC value  
 
CONCLUSIONS: 
In the present study, from analysis of pre and post monsoon data, the thematic maps for spatial 
distribution of water quality parameters in the study area are generated by Arc. GIS software 9.3. 
Based on the physic-chemical analysis, the pH, TDS, TH and chloride ions in most of the ground 
water samples of both pre monsoon and post monsoon are within the permissible limit values are 
recommended by BIS (IS10500:2012). Groundwater in the study area is relatively fresh and has not 
been subjected to strong water-rock interactions. The water quality index  varies from excellent to 
poor water categories over the study area .During 2020 the WQI values in the post monsoon varies 
from 52 to 64 with a mean value of  58.2 , and in the pre monsoon varies from 60 to 75 with a mean 
value of  66.8, and in the year (2019-20) pre monsoon  varies from  42 to 105 with a mean value of 
70.67 and in the post monsoon varies from 44 to 87 with a mean value of 62.2.Comparing pre and 
post monsoon samples between the years 2019 and 2020, the WQI which indicate that though recent 
water quality is good for both the seasons and overall the post monsoon samples are good due to 
dilution because of the rainfall. Suitability of ground water for irrigation was evaluated based on 
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USSL diagram and Wilcox diagram and RSC. All these factors reveal that the groundwater quality 
was safe for irrigational uses, good to medium categories. At most of the surveyed locations, 
groundwater has low dissolved chemical load and meets the norms of good quality drinking water 
and is quite safe for irrigation use. 
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