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Abstract 

This study focused on hydrogeochemical characterisation and groundwater quality deterioration based on drinking, 

irrigation purposes in Pudukottai district. Eighty-seven groundwater samples were collected from the bore and dug 

wells during pre and post monsoon seasons in the year 2019. The order of mean abundance of ions is followed as C l 

> HCO3 > Na > SO4 > Mg > Ca > K (325.5 > 182.2 > 181.4 > 83.2 > 51.1 > 35.8> 9.1 > 8.6 > o.9 > 0.3) and Cl > 

Na > HCO3 > SO4 > Mg > Ca > K (415.7 > 230.3 > 198.2 > 82.9 > 53.8 > 43.4 > 14.9) in both seasons. Analytical 

results are used in Piper, Gibbs, Na% vs. EC, USSL, and PI to evaluate the hydrogeochemical processes. Rock water 

interaction and evaporation processes causing variations in hydrogeochemistry of the study area during pre and 

postmonsoon. Nearly 15 % of the groundwater samples were not permissible for drinking based on the standard, 

which is distributed in south eastern region of the study area. It is revealed from Na%, SAR, RSC, MgC and KR 

results that majority of the groundwater samples are fit for irrigation uses. The higher concentration of EC, TDS, Cl 

and Na values noted in south region due to the sea water intrusion that attributed by excess pumping in the coastal 

regions. The drinking water quality index (DWQI) and irrigation water quality index (IRWQI) are calculated to 

identify the suitability of groundwater for drinking and irrigation purposes. However, this research concludes that 

the groundwater quality of maximum part in the district is appropriate for drinking as well as agriculture which can 

be used for the sustainable growth. It is also recommended implementing the artificial recharge techniques to 

improve the groundwater quality. 
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Use of GIS in hydrogeochemical study and quality status from Pudukkottai District, Tamil Nadu, India 

 

Introduction 

 
Groundwater is a dynamic and replenishing natural resource, which forms the core of the ecological system. The 

emerging global freshwater crisis in terms of water quality and quantity is already felt in India. Quality of 

groundwater has particularly received immense attention since the groundwater is required for domestic and 

irrigation purpose (Prabakaran et al. 2020).Land and water are precious natural resources on which rely the 

sustainability of agriculture, industrialization and the civilization of mankind. Unfortunately, they have been subject 

to severe exploitation and contamination due to anthropogenic activities such as artisanal mining, industrial effluent, 

dumpsites, gas flaring, oil spillage and petroleum refining leading to the release of heavy metals into the aquatic 

environment (Nair et al. 2021). Groundwater is not only the most important resources for drinking purposes and it is 

also used extensively to satisfy agricultural, domestic and industrial water demands (Sivakumar et al. 2021). 

Generally, maximum crop yields management can be obtained based on the water quality and soil. In addition, the 

decrease of drinking water quality has been reported in many cases followed by groundwater contamination 

(Sivakumar et al. 2016; Ramachandran et al. 2020; Roy et al. 2021; Nair et al. 2021). Geochemical studies are 

widely used to understand the probable changes in groundwater quality (Arumugam and Elangovan 2009). Variation 

of groundwater chemistry mainly controlled by the factors of geology, chemical weathering intensity of rocks, 

recharging water quality and other inputs from anthropogenic sources (Adithya et al. 2021). These factors with their 

interactions result in a complex quality of groundwater in various aquifer system (Aghazadeh & Mogaddam, 2010). 

The groundwater salinization is a major issue whichis triggered by seawater intrusion, agrochemical effluents, 

geogenic contamination and salinization induced by irrigation (Selvam et al. 2021). The rapid increase in the 

population of the country has led to large-scale groundwater depletion in some areas. Seasonal and spatial variations 

caused by condensation, dispersion, dissolution, oxidation, precipitation, reductions, sorption and volatilization are 

major geochemical processes (Sarath et al. 2012). To achieve the quality control and improvement, understanding 

these interrelated processes is very important due to their control over the chemistry of groundwater (Subba Rao et 

al. 2011).Modern GIS technology can be used to identify the groundwater potential zone (Agastheeswaran et al. 

2021), portable zone (Prabakaran et al 2020) and to delineate the saline water from fresh water zone (Selvam et al. 

2021). Water Quality index (WQI) approach is another important tool used to convert complex water quality data 

into easily interpretable form. It reports the overall quality of water at an allocation for the specific purposes (Chung 

et al. 2015; Venkatramanan et al. 2016). WQI integrated with GIS gives more precise and reliable results of spatial 

distribution of overall water quality (Venkatramanan et al. 2016; Ramachandran et al. 2020).  For this purpose, we 

have approached the important research tasks such as (1) understanding the complex nature of hydrogeochemical 

process, (2) GIS techniques were used to determine the suitability for groundwater in the purpose of drinking and 

irrigation uses and (3) we investigated both natural and anthropogenic sources of this region. Also it appraised the 

updated scientific basis of groundwater quality deterioration and its sources in this region and may offer a treasured 

insight for future research.   

 



Study area 
 

This region is situated between 78°25′ and 79°15′ east longitudes and between 9°50′ and 10°40′ of north latitudes. It 

is wide spread with an aerial extent of about 4,663sq.kmand a coastal stretch of 35km.The hard rocks are found on 

the western part and sedimentary formation found towards the eastern part. About 45% of the area is under hard 

massive formation of Archean age. Granitic gneiss, hornblende biotite gneiss, charnockites, pegmatite and quartzite 

are the various types of rocks encountered in this region and the rest 55% comprises of the sedimentary formation 

ranging from pre-cambrian to quaternary period. Sedimentary deposits consist of clay, limestone, sand stone and 

clayey sandstone. The coastal alluvial deposits consist of unconsolidated sands, gravels and clay which are the major 

water bearing formations. The annual mean water level is varies between 0.58m and 9.50m below ground level. The 

transmissivity values in crystalline rock is <1 to 50 m2/day whereas in sedimentary Rocks 600 - 4500 m2/day in the 

study area (CGWB, 2008). Topography of the area general flattened; inter spread with small rocky hills which are 

numerous in the south-western parts of the district (Fig.1). Study area is the part of Cauvery basin and parts of sub 

basin in Vellar, Agniyar, Ambuliyar, Koraiyar, Gundar and Pambar. Vellar is the major river, which flows in an 

east-southeasterly direction and confluences with the Bay of Bengal near Manamelkudi. The average annual rainfall 

in the district is around 940mm with temperatures going up to a maximum of 40°C during summer. In winter the 

minimum temperature is 20°C (Sirajudeen et al. 2015; Ponsingh and Maharani, 2015; Adithya et al. 2021). 

Fig 1.The map shows the study area and sample location 

Materials and methods 

Sampling and analysis 

Eighty-seven groundwater samples were collected from both the bore and dug wells in the study area during 

premonsoon and postmonsoon seasons in 2019 (Fig.1). Samples were filtered using 0.22μm membrane after 

transferred to laboratory. APHA (2017) procedures are followed to find out the physical parameters such as 

hydrogen ion activity (pH), electrical conductivity (EC) and total dissolved solids (TDS) and the chemical 

parameters such as, Calcium (Ca), Magnesium (Mg), Sodium (Na), Potassium (K), Chloride (Cl), Carbonate (CO3), 

Bicarbonate (HCO3),Sulphate (SO4),Fluoride (F) and total nitrate (NO2+NO3). The ionic balance error was 

calculated as within ±5%.Standardized EDTA solution was used to measure the Ca and Mg concentrations. 

AgNO3solution was standardized against NaCl of known concentration which was then used to estimate the Cl in 

samples. Hydro Chloric Acid (HCL) solution was used to determine the CO3 and HCO3. Flame Spectrometer of 

SYSTONIC model S-935 was used to determine the Na & K and Sulphate (SO4) was determined by 

spectrophotometric turbidimetry (model-Labtronics LT-290). 

Interpretation 

The coordinates of each sampling site was obtained using a hand held GPS device of GARMIN model-etrex10 and 

loaded to ArcGIS v 10.2 platforms for the preparation of study area map (Fig.1). World Health Organisation (WHO, 

2017) and the Bureau of Indian Standards (BIS, 2012) guideline values for drinking were used to compare the 

physico-chemical parameters for drinking and public health. Kriging interpolator of ArcGIS was used to plot the 

TDS values in a spatial map(Fig.2).Total Hardness (TH) (Eq.1), Sodium Absorption Ratio (SAR) (Eq.2), Sodium 

percentage (Na%) (Eq.3), Residual Sodium Carbonate (RSC) (Eq.4), Permeability Index (PI) (Eq.5), Magnesium 



content (MgC) (Eq.6) and Kelly’s Ratio (KR) (Eq.7) were calculated using excel spread sheet. The same was used to 

plot the PI diagram whereas, Piper, Gibbs, Wilcox USSL, Na% vs. EC plotted using Aquachem software. The water 

quality index formula was followed from Ramachandran et al. (2020) and modified after Prabakaran et al. (2020) 

(Eq.8). 

 TH = (Ca2+ + Mg2+)meq/l × 50………..Eq (1) 

 SAR = Na+√(Ca2++Mg2+)/2……………………..Eq (2) 

 Na% = (Na++K+)×100(Ca2++Mg2++Na++K+)………………Eq (3) 
 RSC = (CO32−+HCO3−)(Ca2++Mg2+) …………………………Eq (4) 
 PI = (Na++√HCO3−)×100(Ca2++Mg2++Na+)…………………Eq (5) 
 MgC = (Mg2+)×100(Ca2++Mg2+)……………….…....Eq (6) 
 KR = Na+(Ca2++Mg2+)………………………Eq (7) 

 WQI =  ∑ [ Wi∑ Wini=1 ] × qi……………..….Eq (8) 

Where ‘wi’ is the assigned weightage for selected parameters and ‘n’ is the number of parameters selected 

for WQI assessment. The ‘qi’ denotes the ranking assigned for class range based on the standards for drinking and 

irrigation. The standard range of values provided by WHO and BIS was taken to derive the drinking water quality 

index (DWQI), whereas for the derivation of irrigation water quality index (IRWQI), the irrigation water quality 

parameters such as EC, TDS, TH, Na%, SAR, MgC, RSC and KR were taken. All the plots are integrated with the 

ArcGIS v10.2 to determine the spatial pattern for the classification of hydrogeochemical plots (Fig. 3 to 8).  

Results and discussion 

The statistical summary of all the groundwater parameters are given in the Table (1) and the spatial distribution of 

the total dissolved solids with the spatial pattern of all the major ions are shown in the Figure (2) as pie charts in the 

map. 

Table 1. Statistics of the water quality parameters in both seasons 

Table 2. Water quality standards for drinking based on WHO and BIS 

Drinking quality  

Physical constituents 

Hydrogen ion activity (pH) 

The pH value is ranging between 7.0 and 8.4 with a mean value of 7.7in premonsoon and the same is ranging 

between 7.0 and 8.8 with a mean value of 8.33 during postmonsoon.  The groundwater quality is good for drinking 

based on the premonsoon pH values when compared with WHO (2017) and BIS (2012) guideline values. However a 

small part in the northern and in the south-western region which shows higher pH values(>8.5) caused by the mining 



leaches mixed with groundwater and addition to the seawater input in south-western coastal region during 

postmonsoon (Venkatramanan et al. 2016).It is found that most of the water plant companies are located around the 

southern part. 

Total Dissolved Solids (TDS) 

TDS levels of above 2000mg/L are unsuitable and not suggested for drinking purpose (Table 2).TDS levels of more 

than 3000mg/L affected the agricultural land (Table 3). Premonsoon TDS values are ranging from78 to 7248 mg/L 

with an average of 822 mg/L, whereas it is varying from145 to 5938 mg/L with an average 982 mg/L during 

postmonsoon. In premonsoon season 45.97% sample, are desirable for drinking and 26.43% samples are permissible 

for drinking, 24.13% samples are useful for irrigation and 3.44% samples are unfit for irrigation. In case of 

premonsoon, southwest part is having high TDS values due to agricultural activities (Sivakumar et al. 2016). While 

postmonsoon season 37.93 and 29.88% of samples are desirable and permissible limit for drinking purpose and 

27.58% samples are useful for irrigation,4.5% samples are unfit for irrigation. North and south-eastern part are 

having high TDS value exhibit the mining activity and saline water intrusion due to the mining dump sites and over 

exploitation(Fig. 2). 

Fig 2. Spatial distribution map shows the TDS with major ions as pie chart 

Electrical Conductivity (EC) 

The total ionized constituent of natural water is generally indicated by the EC values and is directly connected to the 

total cations and anions. In other hand, it is directly proportional to the value of total dissolved solids (Prabakaran et 

al. 2020). The minimum, maximum and average EC values determined is 150, 11340& 1411µS/Cm and 270, 

10170& 1699.1µS/Cm in pre and postmonsoon seasons, respectively. During premonsoon 3.44% sample are 

excellent and 39% samples are good for irrigation purpose respectively,37.8% samples are permissible for irrigation, 

16.09% samples are doubtful and 3.44% sample are unsuitable for irrigation. While,33.33% samples are good for 

irrigation purpose,40.22% samples are permissible for irrigation, 13.79% samples are doubtful for irrigation and 

12.64% samples are unsuitable for irrigation purpose in postmonsoon season (Table 3). This is attributed by 

dissolution of minerals from the aquifer media by intrusion of seawater increases the dissolved solids in 

groundwater which leads to increased EC value (Ramachandran et al. 2020). 

Chemical constituents 

Calcium (Ca) and Magnesium (Mg) 

In premonsoon season, the Ca content is ranging between 10 and 116 mg/L. While in postmonsoon season, it is 

varied from 8 mg/L to 224 mg/L. In case of premonsoon season 90.80% sample, are excellent for drinking and 

9.19% samples are permissible for drinking, most of the sample are good for drinking purpose. 85.05% of samples 

are excellent for drinking and 13.79% samples are permissible for drinking, some of the samples shows high Ca 

values in the area of northern part during the postmonsoon (Fig.2). Mg concentration in groundwater is varied 

between 8.51 mg/L and 359.64 mg/L during premonsoon and the same is between 10.9 mg/Land 233.28mg/Lin 

postmonsoon season. During premonsoon season 45.97%, samples are excellent, 42.52% samples are good and 

9.19% samples are poor for drinking purpose. In postmonsoon season, 39.08% samples are excellent followed by 

45.97% and 14.94% samples are permissible and poor for drinking purpose. High Mg content was found in the 



northern and southwest part in postmonsoon, whereas central part of the study area is affected by Mg in premonsoon 

season. Due to the mineral dissolution from the host rocks (Nair et al. 2021). 

Sodium (Na) and Potassium (K) 

Sodium is the important element for plants and animals though it is required to maintain the metabolic activities 

(ref). During postmonsoon, groundwater samples Na is ranges from 6 to 1916 mg/L and from 1 to 1766 mg/L in 

premonsoon. Na affected in the region of western, southeast and small patches of southwest regions in premonsoon. 

While postmonsoon season, few location affected by Na and distributed in western part of the area. The 

concentration of K is ranging from 0.1to 168mg/L and from 0.1 to 117mg/L in pre and postmonsoon seasons. The 

trend of K concentration is increasing towards east in premonsoon and increasing towards west in postmonsoon. The 

higher concentration of Na and K may be originated from seawater intrusion and fertilizer (Venkatramanan et al. 

2016). 

Chloride (Cl)  

Natural waters contain Cl a major dissolved constituent which is also used as good indicator of water quality (Sarath 

et al. 2012). Cl concentration in groundwater ranges between32 and 2836 mg/L and between 18 and 4013 mg/L in 

pre and postmonsoon seasons, respectively. In case of premonsoon season, 59.10% samples are excellent, 36.78% 

are good and 4.59% samples are poor for drinking. In postmonsoon season 52.87% sample are excellent for 

drinking, 37.93% samples are permissible and 9.19% samples are poor for drinking (WHO, 2008; BIS, 

2012).Groundwater of the southeast part is contaminated by Cl in premonsoon. While postmonsoon season, high Cl 

was found in the northern part and south-eastern part. Higher concentration of Cl ion in groundwater may point out 

the significant influences of seawater intrusion and fertilizer waste. High concentration of Cl may be harmful to 

human health such as heart, kidney, indigestion and palatability (CPCB, 2008). 

Carbonate (CO3) and Bicarbonate (HCO3) 

The CO3 level is ranges from BDL (below detectable limit) to 12 mg/L in premonsoon and it is varies from BDL to 

36 mg/L in postmonsoon. Bicarbonate and carbonate levels of <120 mg/L and <15 mg/L can react with Ca and Mg 

of soil compounds and forms insoluble lime such as CaCO3and MgCO3 (Kuttymani et al. 2017). The HCO3value is 

range between 44.26 and 695.4 mg/L with the mean value of 182.2 mg/L in premonsoon. The postmonsoon 

HCO3value varies from 9.64 to 768.6 mg/L with the mean value of 198.17 mg/L. Bicarbonate values are increased 

due to the presents of carbonate rocks noted in central, south and south-western direction. The high level of HCO3 

north-eastern side in postmonsoon while premonsoon season is shifted to northwest and central (Fig.2). The increase 

in HCO3 concentration may be attributed to dissolution of CO2 gas in the air or soil. This is a common process in 

arid and semi-arid agricultural region (Nazzal et al. 2014). 

Sulphate (SO4) 

SO4 concentration of groundwater samples ranged from 5 to 480 mg/L and varied from 3 to 576 mg/L in both 

season. 87.35% samples are excellent for drinking, 8.04% samples are good and 4.59% samples are poor for 

drinking purpose during premonsoon. During postmonsoon season, 95.40% samples are excellent for drinking, 

3.44% samples are permissible and 1.14% samples are poor condition.SO4 concentration noted in southeast and 

western part of the area in pre and postmonsoon seasons, respectively. SO4 may be originated from multiple ways, 



i.e. dissolution and oxidation of sulphate and sulphide minerals, intrusion of seawater and sources from 

anthropogenic origin (Srinivasamoorthy et al. 2014). 

Fluoride (F) 

Fluoride content is ranges between 0.05 and 1.0 mg/L during premonsoon and the same is ranges between 0.05and 

1.63 mg/L during postmonsoon. In premonsoon season, 97.70% and 2.29% samples are excellent and are good for 

drinking uses. In postmonsoon season 93.10%, 5.74% and 1.14% samples are excellent, permissible and poor for 

drinking purpose. During postmonsoon period, F content is high in the northern part because of dissolution of 

fluoride baring granitic rocks that are present in the study area is the source for the enrichment of the groundwater 

(Kalpana et al. 2019).The excess fluoride in groundwater as being the only source of fresh water in drinking 

purposes may leads to the dental fluorosis condition to the people. 

Total Nitrogen (NO2+NO3) 

The total nitrogen concentration in groundwater samples ranges between 0.05and84 mg/L with a mean of 8.57 

mg/L. Also, it ranges between 0.1and45 mg/L with the mean of6.37 mg/L in pre and postmonsoon season, 

respectively. Atmospheric nitrogen gas is mineralised by soil bacteria and converted into ammonium. Further the 

nitrifying bacteria under aerobic conditions convert it into nitrate hence the origin for the concentration of nitrogen 

in groundwater is biosphere (Tindall et al. 1995; Saleh et al. 1999). 

Total hardness classification 

Even though water hardness was not identified for hostile effects, some specific indication relates it in heart sickness 

(WHO, 2008). Hard water stands inappropriate for general use and it has a degree of the Ca2+ and Mg2+ 

concentration expressed in equivalent of calcium carbonate. The measure of water that react with soap compound 

and precipitate Ca2+ and Mg2+ as carbonates, chlorides and sulphates is defined as hardness of water. The presence 

of CaCO3is released from boiling water is measured as temporary hardness whereas the removal of Ca2+ and Mg2+ 

ions only by means of ion exchange processes is called as permanent hardness (Srinivasamoorthy et al. 2014). 

Scaling on pots, boilers and irrigation pipes are caused by water hardness which limits its usage in industries and 

also causes kidney failure problems to the human health (WHO 2008). Equation (1) was proposed by Todd 1980 to 

determine the total hardness. During premonsoon, TH ranges between 60 and 1740 mg/L with a mean 299.62 mg/L 

and representing 29.87% of the groundwater samples beyond the soft and moderate level. In postmonsoon, TH 

varies between 85 and 1,520 mg/L with mean value of 329.24 mg/L and representing 20.68% of the samples 

exceeding the soft and moderate limit (Table 3). It has inferred that, both the seasons records moderate TH as 

permanent hardness due to the mining and industrial activities in eastern coastal region (Sivakumar at al. 2016). 

Table 3 Groundwater suitability for irrigation as per the quality parameters 

Hydrogeochemical processes 

Different facies of hydrogeochemical process 

Piper diagram (Fig. 3) was developed to understand water chemistry of different hydrogeological facies. The 

difference or dominance of cation and anion in the groundwater is explained by the Piper diagram in both seasons. 

The higher percentage of samples falling under the second broad category of alkali earth (Na+K) exceeds alkaline 

earth (Ca+Mg) was 53.75% during the premonsoon and 54.02% in postmonsoon. The strong acids (SO4+Cl) 



exceeds weak acids is the forth broad and dominant category which holds 90% and 94.25% in both seasons. The 

non-carbonate alkali exceeds 50% (Na+Cl) is the dominant water type in pre and postmonsoon  season of 

groundwater samples which is about 51.25% and 54.04% respectively. This water type causes the primary salinity to 

the groundwater of the study area. No one cation-anion pair exceeds 50% is the second dominant water type with 

37.75% in premonsoon and 34.48% in postmonsoon season. The carbonate hardness exceeds 50% (Ca+Mg+HCO3) 

water type exist about 7.5% followed by 3.75% of non-carbonate hardness exceeds 50% (Ca+Mg+SO4) water type 

during premonsoon. Whereas, same water types exist during postmonsoon as 4.59% and 6.89% respectively. These 

water types are causing the secondary alkalinity and secondary salinity to the groundwater. Carbonate alkali exceeds 

50% (Na+HCO3) water type causes the primary alkalinity to the groundwater. It is lead by the dissolution of 

minerals from the weathered rocks and recharge by precipitation processes. The primary salinity maybe attributed 

by the seawater intrusion or by the formation salt in the coastal regions of the district. The samples has classified 

based on the Piper diagram and spatially shown on the geology map of the study area (Fig.3). It clearly shows the 

correlation between the water type and rock types that present in the study area. 

Fig 3. Piper plot for both seasons with spatial distribution maps of hydrological facies 

Mechanism controlling the groundwater processes 

Three major mechanisms such as evaporation, precipitation and rock water interaction are the processes controlling 

the water quality derived from the Gibbs (1970) diagram. Gibbs diagram shows 73.75% of the groundwater samples 

fall between 100 and 1000 (mg/L) TDS in premonsoon signifying the rock water interaction is the main controlling 

factor in the study area. Whereas in postmonsoon season, evaporation (67.82%) process is followed by rock water 

interaction (32.18%) are the dominant controlling factors. Weathering of host rock silicate minerals are contributing 

towards the enrichment of water variation in aquifers (Venkatramanan et al. 2016). The lower concentration of Ca 

and Mg in groundwater is due to the lower concentration of carbonate minerals in the lithology of the region, though 

Na and K values show that silicate weathering followed by hard rock weathering (Chung et al. 2015). Many samples 

poses carbonate of below detectable limit however, bicarbonate is found present in all the samples during both 

seasons (Fig.4). 

Fig 4. Gibb’s plot for both seasons with spatial distribution map of influencing factors 

Irrigation quality 

Sodium percentage (Na%) 

Sodium reacts with soil and reduces its permeability makes it as a significant ion studied to classify the water quality 

for irrigation. It is generally denoted as soluble sodium percentage or percent sodium (%Na) and is widely used to 

assess the water suitability for irrigation purposes (Wilcox, 1955; Todd, 1980; Islam et al. 2017). The ratio of Na 

and the total cations present in the water is computed as Na% where all values are calculated in meq/L. The sodium 

percentage values shows that only 3.44% of the pre and post monsoon samples are excellent (<20) for irrigation. 

Whereas42.53% and 37.94%in total samples respective to pre and post monsoon are falls under permissible (40-60) 

category for irrigation. In premonsoon 4.59% and in postmonsoon 2.29% samples are unsuitable for irrigation 

purpose (Table 3). Higher Na% is representing the ascendancy of ion exchange and weathering from host rocks. 

Plotting the Na% against the EC gives a better understanding of the water suitability for irrigation (Wilcox 



1955).Land use and land cover map is used as a base layer to overlay the obtained classes from Na% vs. EC plot for 

irrigation purposes (Fig.5). 

Fig 5. Na% vs. EC plot for both seasons with irrigation suitability map 

Sodium Adsorption Ratio (SAR) 

SAR is used to determine the sodium hazard for irrigation waters though it is used to find the suitability of 

groundwater for irrigation, where it measures the alkali or sodium hazard to crops. Increase in SAR value leads to 

increase the sodium hazard and decrease the water quality for irrigation uses. The dispersion and flocculation of 

sodium and specific conductance affects the soil infiltration rates through the irrigation water (Aghazadeh & 

Mogaddam, 2010). Irrigation water with larger SAR values can’t be tolerated by soils. The study area SAR values 

are ranging from18.42 to 27.78 with a mean value of 4.40 and from 0.238 to 8.16 with a mean value of 5.18 in pre 

and postmonsoon seasons, respectively. SAR value classified as 83.9% excellent (>10), 14.94% good for irrigation 

purpose (10-18) and 1.14% doubtful (18-26) for irrigation purpose in premonsoon. While postmonsoon, SAR value 

classified as 87.35% excellent (>10),10.34% good (10-18), and 2.29% doubtful (18-26)for irrigation uses. This 

shows that crops in the study area do not have alkali hazards. US salinity diagram (USSL) illustrates the SAR values 

against the EC values to classify the water quality for irrigation purposes (Fig.6). According to the USSL 

classification plot the sodium and salinity hazard class is followed as 

C2S1>C3S1>C3S2>C4S2=C4S3>C4S1>C1S1=C4S4>C3S3=C3S4 in premonsoon and in postmonsoon it is 

ordered as C2S1>C3S1>C3S2>C4S3>C4S2>C4S1>C4S4=C3S3. The result shows that medium to high saline 

groundwater with low to medium alkali hazard (C2S1+C3S1= 67.5% and 57.47% respectively) in both seasons. The 

sodium hazard and salinity hazard classification result have overlaid on the study area geology map (Fig.6). 

Fig 6. USSL plot for both seasons with spatial distribution map classes 

Residual Sodium Carbonate (RSC) 

The rise of carbonate and bicarbonate values over calcium and magnesium concentration is alarming to the soil 

fertility and plants growth (Brindha et al. 2013) hence it is used to decide the appropriateness of water for irrigation. 

The RSC values during premonsoon are ranging between 0.023 and 1.49(meq/L) with a mean value of 0.7(meq/L). 

While postmonsoon RSC values are varies from 0.025 to 2.99 and the average value is 0.95. Overall96.56% and 

93.12% in pre and postmonsoon seasons, respectively with the groundwater samples fall below1.25 meq/L and are 

suitable for irrigation (Srinivasamoorthy et al. 2014). 

Permeability Index (PI) 

Doneen (1964) plotted PI against total salt concentration and divided into three water quality class. Class I indicate 

the 100-75% soil permeability exhibit suitable for irrigation. Whereas class II indicates 75-25% soil permeability 

which is moderately suitable for irrigation and class III is <25% reveals unsuitable for irrigation uses. Results show 

that81 samples falls in class I and II and all the samples fall in class I to II in pre and postmonsoon seasons, 

respectively. Comparing PI value of both seasons, more than 90% of the samples fall in class I and class II shows 

suitability groundwater for irrigation however 2.2% samples are falls under class III in premonsoon. Five different 

types of soils present in the study area, which are Ap-Plinthic Acrisols, Rc-Calcaric Regosols, Lc-Chromic Luvisols, 



Lo-Orthic Luvisols and Vc-Chromic Vertisols (IUSS Working Group WRB, 2015). The soil type map has used as 

base layer to overlay the class derived from the PI vs. TSC plot (Fig.7). 

Fig 7. Doneen’s PI plot for both seasons with spatial distribution map of classes 

Magnesium Content (MgC) 

Most of the groundwater generally shows equilibrium state between Ca2+ and Mg2+ions (Hem 1985). Since, increase 

in Mg2+ ions collapses this equilibrium and impacts the soil quality by increasing its alkalinity which ultimately 

decreases the crop yield (Kumar et al. 2007). The magnesium hazard is calculated using an index proposed by 

Paliwal (1972). The MgC ranges from 8.51 to 359.64 mg/L and 10.9 to 233.28 for premonsoon and postmonsoon 

season respectively. During premonsoon 57 samples and in postmonsoon 55 samples falls over the allowable value 

of 50 mg/L representing the increased soil alkalinity and leads to adverse effect on crop yield. Those samples would 

adversely affect the crop yield by making the soil more alkaline (Paliwal, 1972). 

Kelly’s Ratio (KR) 

Kelly’s ratio is used to divide the water quality as either suitable or unsuitable for irrigation uses. Sodium measured 

against total calcium and magnesium is considered as Kelly’s ratio (KR). KR of above (KR>1) indicates an excess 

level of sodium in waters (Kelly, 1940). Therefore, waters with a KR of <1 is fit for irrigation, while waters those 

with KR<1 are unfit for irrigation (Sundaray et al. 2009). KI values varied between 0.31 to 14.71 and 0.41 to 6.43 in 

pre and postmonsoon seasons, respectively. According to the KR classification 54.02% samples present in 

premonsoon and 50.57% of samples fall in postmonsoon which indicates the suitable limit for irrigation purpose.  

Combined overlay water quality index 

To precisely find out the overall suitability of groundwater for drinking as well as irrigation purpose, the weighted 

arithmetic Water Quality Index (WQI) method was used. The selected analytical and calculated parameters with its 

weight and relative weight percentage has given in Table 4 for drinking water quality index (DWQI) and in Table 5 

for irrigation water quality index (IRWQI). Inverse distance weighted interpolation technique in ArcGIS was applied 

for each selected parameters and reclassified based on the water quality ranking scale as given table 4&5. All the 

reclassified layers were processed in weighted overlay analysis of ArcGIS module with the relative weight 

percentage of respective parameters to derive the DWQI map and IRWQI map. The derived DWQI and IRWQI 

values are ranges between 1 to 3 and 1 to 5 respectively. 

Table 4. Relative weights for drinking WQI based on WHO & BIS standards 

Table 5. Relative weights for IRWQI based on irrigation water quality parameters 

Quantile classification method was applied for both WQI maps and the area of water quality classification based on 

derived mapsare shown in Table 6 and 7 respectively. The DWQI classification shows that, 56.06% (premonsoon) 

and 56.19% (postmonsoon) in total study area is poses groundwater suitable for drinking uses both seasons. 

Whereas, IRWQI classification exhibits 51.78% (premonsoon) and 45% (postmonsoon) of the samples are suitable 

for irrigation uses in both seasons. Spatial variation of DWQI and IRWQI of shows that south-eastern, north and 

north-western parts of the study area which more affected by pollutants from anthropogenic sources, seawater 

intrusion and anthropogenic runoff. While southern and central part exhibits unpolluted in both monsoons which is 



suitable for drinking as well as irrigation purposes. By implementing artificial recharge structures in thegroundwater 

contaminated area will improve the quality and will make it suitable for both purposes. 

Fig 8. Spatial distribution maps of calculated DWQI & IRWQI for both seasons 

Table 6 Drinking Water Quality Index (DWQI) class for Pudukottai district 

Table 7 Irrigation Water Quality Index (IRWQI) class for Pudukottai district 

Conclusion 

Groundwater quality in both seasons is mostly suitable for drinking uses when comparing the analytical results with 

the proposed drinking water guidelines. The abundance sequence of ions was in the following order: 

Cl>HCO3>Na>SO4>Mg>Ca>K and Cl>Na>HCO3>SO4>Mg>Ca>K in pre and postmonsoon seasons. In case of 

calculated values of irrigation water quality parameters (TH, Na%, SAR, RSC, PI, MgC and KR) show that the 

majority of the groundwater samples are appropriate for irrigation and it also verified by comparing the EC and TDS 

values. Alkali earth exceeds alkaline earth and strong acids exceed weak acids are the dominant hydrogeological 

facies which is followed by non-carbonate alkali exceeds 50% facies water type in both monsoons. Gibbs plot shows 

evaporation and rock water interaction are the major controlling factors of the hydrogeochemistry. The 

comprehensive WQI technique was used to know the groundwater suitability for drinking and irrigation uses. The 

DWQI and IRWQI spatial maps of higher concentration exhibits the south-eastern, north and north-western parts 

which is controlled by seawater intrusion and irrigation inputs. While southern and central part shows unpolluted 

zones. The characteristics of groundwater in this region were primarily due to the natural processes such as mineral 

dissolution, ion exchange, and leaching. Secondarily, the area was affected by seawater intrusion, mining activities, 

fertilizer and pesticide inputs increased the degradation of the groundwater quality. Groundwater quality can be 

improved in this region by implementing the groundwater management scheme of artificial recharge that ensures 

sustainable and non-hazardous groundwater resources for drinking, agriculture, and domestic purposes. 
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Figures

Figure 1

The map shows the study area and sample location Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.



Figure 2

Spatial distribution map shows the TDS with major ions as pie chart Note: The designations employed
and the presentation of the material on this map do not imply the expression of any opinion whatsoever
on the part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.



Figure 3

Piper plot for both seasons with spatial distribution maps of hydrological facies Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.



Figure 4

Gibb’s plot for both seasons with spatial distribution map of in�uencing factors Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.



Figure 5

Na% vs. EC plot for both seasons with irrigation suitability map Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.



Figure 6

USSL plot for both seasons with spatial distribution map classes



Figure 7

Doneen’s PI plot for both seasons with spatial distribution map of classes Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.



Figure 8

Spatial distribution maps of calculated DWQI & IRWQI for both seasons Note: The designations employed
and the presentation of the material on this map do not imply the expression of any opinion whatsoever
on the part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.


