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Abstract : The hydro-chemical study of 

groundwater samples was carried out from the 

Sembattu and Gudur area of Tiruchirapalli 

District, Tamil Nadu (latitudes                – 

                and longitudes                 - 

                ) with an objective of 

understanding the suitability of local 

groundwater quality for irrigation and 

domestic purposes. For this study groundwater 

samples were collected from 20 (twenty) 

locations during the time spanning over 2018 

and 2019. Groundwater samples were analyzed 

for their physical and chemical properties 

using standard laboratory methods. From the 

analyzed data, some parameters like SAR, 

TDS, etc., have been calculated for each water 

sample to identify the irrigational suitability. 

Based on TDS range, majority of the samples 

from the study area are found to be Fresh 

water; and few are found to be slightly saline. 

The electrical conductivity and the pH values 

in most of the samples are found to be alkaline. 

The sodium absorption ratio varies between 

3.86 and 379.32. The ratio of CI to 

[CO3+HCO3], is ranging between 1.05 and 

14.85. Carbonate value is nil for all the 

samples. Potassium is within the permissible 

limits of WHO and BIS in all the locations. In 

most of the samples, the bicarbonates are 

within the permissible limits. The USSL 

diagram (USSL 1954) reveals that only two 

samples fall under the C1S1 field. Plants with 

moderate salt tolerance can be grown in most 

instances without special practices of salinity 

control. The groundwater quality in the study 

area may be suitable for agricultural purposes. 

If treated properly the groundwater in the 

study area can be utilized for domestic and 

even drinking purposes. 

Keywords: groundwater quality, irrigation and 

domestic suitability, USSL diagram, Sempattu area, 

Tiruchirapalli District, Tamil Nadu. 

I. INTRODUCTION 

 Water is an important element of our environment. 

Without water life cannot sustain itself on Earth. It 

is a vital input in diverse human activities, like 

drinking, food, production, hydropower generation 

and a wide range of industries. It is to be noted that 

the groundwater forms a part of hydrologic cycle.  

It has been a more complex problem for water 

quality assessment. And its aim is to truly evaluate 

its degree of pollution for bodies of water, which 

will be easy to provide some principled projects 

and criterions for water resource's protection and 

their integration application. So, it has been widely 

applied into water quality assessment. Water is 

indispensable and one of the precious natural 

resource of our planet. Groundwater is an important 

natural source of water supply all over the world. It 

is used in irrigation, industries and domestic 

purpose. Groundwater quality depends on the 

quality of recharged water, atmospheric 

precipitation, in- land surface water, and on 

subsurface geochemical processes. Temporal 

changes in the origin and constitution of the 

recharged water, hydrologic and human factors, 

may cause periodic changes in groundwater 

quality. The population of groundwater is of major 

concern, firstly because of increasing utilization for 

human needs and secondly because of the ill effect 

of the increased industrial activity. The importance 

of water quality in human health has recently 
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attracted a great deal of interest. In the developing 

world, 80% of all diseases are directly related to 

poor drinking water and unsanitary conditions 

(Chatterjee R, 2010). Assessment of groundwater 

quality is essential for particularly water from those 

sources which serve as drinking water sources. 

Groundwater quality has been deteriorating over 

the last few decades due to massive rise in rate of 

industrialization and population (Milovanovic. M, 

2007). 

In the first step, water samples were collected from 

twenty locations from tube wells in and around 

Sempattu and Gundur, Tiruchirappalli district. The 

samples were subjected to various physio­chemical 

analyses in Department of Agriculture 

(Government of Tamil Nadu), Tiruchirapalli - 

620020. Each of the eleven parameters:  Total 

Dissolved solids (TDS), pH, Electrical 

Conductivity (EC), Carbonate (CO3), Bicarbonate 

(HCO3), Chloride (CI), Sulfate (SO4), Calcium 

(Ca), Magnesium (Mg), Sodium (Na), and 

Potassium (K) has been analyzed for overall quality 

of water for various purposes. It serves as the 

understanding of water quality for the possible uses 

by comparing the analyzed parameters of the 

collected water samples with BIS standards. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1. Image showing India Map, Tamil Nadu Map, Tiruchirapalli District and the sampling locations in the study area 

(Sempattu and Gundur area, Tiruchirapalli District) 

II. STUDY AREA: 

Tiruchirappalli is one of the most important 

industrial cities in Tamil Nadu. Sempattu and 

Gundur area are located in different parts of 

Tiruchirappalli city in Tamil Nadu, India. 

Tiruchirappalli is located at 10.8050⁰N 78.6856⁰E. 

The city is at a distance of 325 kms (202 miles) 

south-west of Chennai and 402 kms north of 

Kanyakumari on the National Highway NH 45 and 

200 kms and 128 kms west from the Bay of Bengal 

coast. The city of Madurai is situated 161 kms 

south of Tiruchirappalli. 

The topology of Tiruchirappalli is almost 

flat with a few isolated hillocks rising above the 

surface, the highest of which is the Rock fort. The 

average elevation is 289 feet. The city spread over 

an area of 146.7 square kilometers. Situated on the 

plains between the Shevaroy Hills to the North of 

the Palani hills to the south and south west.  

The entire Tiruchchirappalli district 

constitutes a peneplain. The master slope of the 

district is towards east. The prominent geomorphic 

units identified in the district through interpretation 

of Satellite Imagery are 1) Alluvial Plains, 2) 

Valley Fills, 3) Buried Pediments, 4) shallow 
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Pediments, 5) Pediments and 6) Structural Hills. 

The alluvial plains are confined to the northern 

bank of Cauvery River in the district. Valley fill 

deposits are seen mainly in the northern part 

adjoining the hillocks in Uppiliapuram and 

Thuraiyur blocks. Buried Pediments have been 

identified in almost all blocks in the district except 

Marungapuri, Manapparai, Vaiyampatti and 

Manikandam. Pediments, both shallow and deep, 

constitute the most prominent geomorphic unit in 

the district and are evenly distributed in the entire 

district. Structural hills, on the other hand, are 

confined to the northern and southwestern borders 

of the district. 

 The major part of the district is 

underlained by Archaean crystalline metamorphic 

complex. The important aquifer systems 

encountered in the district are classified into           

i) Fissured, fractured and weathered crystalline 

formations consisting of charnockites, Granite 

Gneisses and ii) Unconsolidated and semi-

consolidated formations. The unconsolidated and 

semi consolidated formations in the district include 

shales, sandstones and clays of Jurassic age (Upper 

Gondwana), marine sediment of Cretaceous age, 

sandstones of Tertiary age and Recent alluvial 

formations. As the Gondwana formations are well 

compacted and poorly jointed, the movement of 

groundwater in these formations is mostly 

restricted to shallow levels. Groundwater occurs 

under phreatic to semi confined conditions in the 

inter-granular pore spaces in sands and sandstones 

and the bedding planes and thin fractures in shales. 

In the area underlain by Cretaceous sediments, 

groundwater development is rather poor due to the 

rugged nature of the terrain and the poor quality of 

the formation water. Quaternary formations 

comprising mainly sands, clays and gravels are 

confined to major drainage courses in the district. 

The maximum thickness of alluvium is 30 m 

whereas the average thickness is about 15 m. 

Groundwater in these formations is being 

developed by means of dug wells and filter points. 

 

3.1.  OBJECTIVES 
The main objective of this study is assessment of 

quality of the groundwater used for irrigational and 

drinking purposes. Water in the area is generally 

drawn from bore wells and dug wells, though the 

use of submersible pumps has seen a rise over the 

last few years for agricultural purposes. 

 

 

III. MATERIALS AND METHODS 

 

The water samples were collected from various 

tube wells in the study area. One liter of water 

samples were collected in polythene bottles which 

were cleaned with acid water, followed by rinsing 

twice with distilled water to avoid unpredictable 

changes in characteristic as per standard procedures 

APHA (1998) from various wells during a time 

between August 2018 and March 2019. Totally 

twenty samples were collected from twenty 

different locations of the study area and are 

subjected to various physio­chemical analyses in 

Department of Agriculture (Government of Tamil 

Nadu), Tiruchirappalli - 620020.  Details of 

sampling locations along with their latitude and 

longitude are presented in Table 1.1. The standards 

for drinking purposes as recommended by BIS 

(2012) and IS-10500 (Indian Standard, 1992) have 

been considered for the different purposes of utility 

with the water quality. 

 

TABLE 1.1: SAMPLE LOCATION FOR SEMPATTU AND GUNDUR 

SAMPLE NO. LATITUDE LONGITUDE LOCAL IDENTITY 

1                                 Industrial Area, Sempattu, Tiruchirapalli. 

2                                 Agriculture Area, Near Sempattu, Tiruchirapalli. 

3                                Anganwadi Centre, Sempattu, Tiruchirapalli. 

4                                 Agricuture Area, Tiruvalarchipatti, Tiruchirapalli. 

5                                 Individual House, Gundur, Tiruchirapalli. 

6                                Individual House,Mullai Nagar, Tiruchirapalli. 

7                            97"E Individual House, Iyyanar Nagar, Tiruchirapalli. 

8                                 Individual House, East Street, Gundur, Tiruchirapalli. 

9                                Individual House, West Street, Gundur, Tiruchirapalli. 

10                 78            E Individual House, Pasumai Nagar, Near Morais City, Tiruchirapalli. 

11                                 1 st Cross, Morais City,Tiruchirapalli. 

12                                 3 rd cross, Morais City,Tiruchirapalli. 

13                     43'0.13"E 5 th Sector,Morais City,Tiruchirapalli. 

14                               6 th Sector, Morais City,Tiruchirapalli. 
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15                                Residency, Morais City,Tiruchirapalli. 

16                                Green house apartment,Morais City,Tiruchirapalli. 

17                                South 1st Cross, Morais City, Tiruchirapalli. 

18                                 8 th Sector, Morais City, Tiruchirapalli. 

19                                 Coconunt Garden. Morais City, Tiruchirapalli. 

20                                Gloden Wood House, Morais City, Tiruchirapalli. 

 

Water samples in all representing the area 

of investigation were collected from selected points 

in and around Sempattu and Gundur, 

Tiruchirappalli district in polythene containers.   As 

many as fifty constituents can be determined in a 

water analysis. But usually all are not determined. 

Only such constituents, the determination of which 

is essential and useful for the particular study in 

view are carried out. It is also to be noted that a 

complete water analysis for all constituents is very 

expensive.

 

IV. RESULTS AND DISCUSSIONS 

 

4.1 HYDRO-GEOCHEMICAL INTERPRETATION     

       Water samples have been collected from 20 tube wells and analyzed. The results are tabulated in ppm 

are depicted in Table 4.1.  and the graphical representation of the same is also given as Figure 4.1.   

Sample 

No. 
p

H 
EC 

TDS 

(mg/L) 

CO3 

(mg/L) 

HCO3 

(mg/L) 

SO4 

(mg/L) 

Cl 

(mg/L) 

Ca
2+

 

(mg/L) 

Mg
2+ 

(mg/L) 

Na
2+ 

(mg/L)
 

K
2+ 

(mg/L) 

1 7.17 4.17 2670 NIL 235 162 1163 452 259 1126 0.32 

2 7.09 3.98 2550 NIL 243 153 1269 386 241 1123 0.23 

3 7.75 1.45 928 NIL 116 83 246 258 146 216 0.32 

4 7.26 4.03 2580 NIL 369 112 1548 478 249 1124 0.36 

5 6.52 0.24 154 NIL 29 12 96 62 43 28 0.25 

6 7.08 1.05 675 NIL 129 36 189 124 89 189 0.34 

7 7.39 0.77 493 NIL 118 54 124 152 114 172 0.25 

8 6.99 1.88 1203 NIL 249 92 684 452 246 589 0.23 

9 7.24 0.96 614 NIL 116 124 289 206 116 259 0.21 

10 6.99 7.14 4570 NIL 658 245 2635 458 259 1258 0.33 

11 7.84 0.92 584 NIL 119 104 254 129 79 326 0.24 

12 7.40 1.60 1024 NIL 248 125 785 189 142 569 0.37 

13 7.36 1.83 1168 NIL 236 132 825 258 196 746 0.23 

14 7.76 1.07 685 NIL 158 147 369 189 125 368 0.21 

15 7.32 2.01 1286 NIL 282 135 989 348 216 857 0.25 

16 6.51 11.19 7630 NIL 369 321 5478 354 248 6581 0.36 

17 6.92 10.1 6460 NIL 458 258 5356 365 285 5789 0.23 

18 7.25 1.16 742 NIL 156 114 359 289 126 485 0.21 

19 7.20 1.19 760 NIL 182 127 369 275 138 578 0.25 

20 7.10 0.99 637 NIL 121 94 232 242 126 116 0.36 

mg/L = milligrams per liter, ppm = parts per million, dS/m = deci Siemens per meter 

TABLE 4.1. CONCENTRATION OF CHEMICAL PARAMETERS 
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A typical classification of hydrogeochemical facies for groundwater is shown in Figure 4.2., which clearly 

explains the variations of cation and anion concentration in the study area. The diamond shaped field of piper 

diagram is further divided into further six classes, namely Ca-HCO3, Na-Cl, mixed Ca-Na-HCO3, mixed Ca-Mg-

Cl, Ca-Cl and Na-HCO3.  In the study area 40% of the samples belong to the mixed Ca-MG-Cl type and 

followed by Na-Cl type (35%), Ca-Cl type (25%). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

FIGURE 4.1. COMPARISON OF CHEMICAL PARAMETERS OF GROUNDWATER SAMPLES 
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4.3.  USSL PLOT 

 

The U.S. Regional Salinity Laboratory has 

constructed a diagram for the classification of 

irrigation waters (Wilcox 1955) describing sixteen 

classes with reference to Sodium Adsorption Ratio 

(SAR) as an index for sodium hazard and electrical  

conductivity (EC) as an index for salinity hazard 

(Figure 4.3.).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 4.3. USSL PLOT 

 

 

The USSL diagram (USSL 1954) 

highlights that seven samples fall under the field of 

C3S1, which indicates water having high salinity 

and low sodium alkali hazard Whereas, 6 samples 

fall under C3S2 category indicating high salinity 

hazard and medium sodium hazard and 5 samples 

are having very high salinity and high alkali hazard 

(C4S3), while remaining two samples fall under the 

C1S1 field. Medium-salinity water (C2) can be 

used if a moderate amount of leaching occurs. 

Plants with moderate salt tolerance can be grown in 

most instances without special practices of salinity 

control. High salinity water (C3) with low sodium 

water (S1) is satisfactory for plants having 

moderate salt tolerance, on soils of moderate 

permeability with leaching. Very high salinity 

water (C4) and high sodium water (S3) cannot be 

used for irrigation purpose under ordinary 

conditions but may be used occasionally, under 

unavoidable circumstances. 

 

 

 

 

V. CONCLUSION 

      

Water samples were collected from 20 tube wells in 

and around Sempattu and Gundur, Tiruchirappalli 

district for hydrogeochemical studies. Water 

samples have been analyzed for cation and anion in 

ppm at Department of Agriculture (Government of 

Tamilnadu), Tiruchirappalli – 620 020. 

The following conclusions are drawn from this 

study. 

1) Based on TDS range, samples numbers 1, 4, 8, 

9, 10, 13, 15, 16, 17, 19 from the study area are 

found to be Fresh water; sample numbers 2, 3, 

5, 11, 12, 14, 18 from the study area are found 

to be Slightly saline and sample numbers 6, 7, 

20 from the study area are found to be 

Moderately saline. 

2) The electrical conductivity and the pH values 

from the locations 1, 2, 3, 4, 6, 7, 9, 11, 12, 13, 

14, 15, 18, 19 and 20 are found to be alkaline.  

3) The sodium absorption ratio varies between 

3.86 and 379.32. 

4) The ratio of CI to [CO3+HCO3], is ranging 

between 1.05 and 14.85.  
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5) Carbonate value is nil for all the samples, and, 

as the groundwater has no concentrations of 

sea water, however, experiencing chloride 

contamination and found that the water is not 

affected by the use of fertilizers. 

6) The calcium values range between 62 and 478. 

The sample numbers 5, 6, 7, 11, 12 and 14 are 

found to be within the permissible limits of 

WHO as well as BIS. 

7) According to WHO and BIS, the magnesium 

values of sample numbers 5, 6 and 11 are 

found to be within the permissible limits.  

8) The sodium values of sample numbers 5 and 

20 are found to be within the permissible limits 

of WHO as well as BIS. 

9) Potassium is within the permissible limits of 

WHO and BIS in all the locations. 

10) Except for samples 11 and 18, the bicarbonates 

are within the permissible limits. 

11) The USSL diagram (USSL 1954) reveals that 7 

samples fall under the field of C3S1, which 

indicates water having high salinity and low 

sodium alkali hazard Whereas, 6 samples fall 

under C3S2 category indicating high salinity 

hazard and medium sodium hazard and 5 

samples are having very high salinity and high 

alkali hazard (C4S3), while remaining two 

samples fall under the C1S1 field. Medium-

salinity water (C2) can be used if a moderate 

amount of leaching occurs. Plants with 

moderate salt tolerance can be grown in most 

instances without special practices of salinity 

control. High salinity water (C3) with low 

sodium water (S1) is satisfactory for plants 

having moderate salt tolerance, on soils of 

moderate permeability with leaching. Very 

high salinity water (C4) and high sodium water 

(S3) cannot be used for irrigation purpose 

under ordinary conditions but may be used 

occasionally, under unavoidable 

circumstances. 

An attempt has been made to understand the hydro-

geochemical characters in and around Sempattu 

and Gundur area at Tirchirappalli. It can be 

concluded the groundwater quality in the study area 

may be suitable for agricultural purposes. If treated 

properly the groundwater in the study area can be 

utilized for domestic and even drinking purposes. 
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