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ABSTRACT: Groundwater quality in the Suryaganga River Basin, Amravati District, Maharashtra, was assessed using 

ionic ratio analysis to understand the controlling hydrogeochemical processes. A total of 80 groundwater samples were 

collected during 2023, evenly distributed across the pre-monsoon and post-monsoon seasons, to study seasonal variations 

and provide a comprehensive understanding of groundwater conditions in the basin. Scatter plot relationships such as 

(Ca²⁺ + Mg²⁺) vs. (SO₄²⁻ + HCO₃⁻), Na⁺ vs. Cl⁻, and Na⁺ vs. HCO₃⁻ were employed to evaluate ion interactions and 

geochemical behaviour. The Ca/ (Ca + SO₄) ratio was further applied to determine the source of calcium in groundwater. 

Results indicate that cation exchange and silicate weathering are the major processes influencing groundwater chemistry. 

This study provides valuable insights into the geochemical controls on groundwater quality and contributes to sustainable 

water resource management in the Suryaganga river basin. 
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I. INTRODUCTION 

 

Water quality analysis has become a crucial aspect of groundwater studies, as changes in groundwater quality can result 

from rock-water interactions or various anthropogenic influences [1-2]. Groundwater quality changes as it moves from 

recharge to discharge areas, influenced by various processes, including evaporation, transpiration, selective uptake by 

vegetation, oxidation, reduction, cation exchange, mineral dissociation, precipitation of secondary minerals, mixing with 

other water sources, and the leaching of fertilizers, manure, and biological materials [3]. In India, the rapid growth of 

population, urbanization, industrialization, and increased agricultural activities have adversely affected groundwater 

resources in recent years [4]. Ionic ratios and scatter plots help identify the sources of dissolved ions and reveal 

geochemical processes like silicate weathering, carbonate dissolution, and salinization. 

 

II. STUDY AREA 

 

The Suryaganga River Basin, situated in the Amravati and Teosa Talukas of Amravati District, Maharashtra, is a tributary 

of the Wardha River. It is geographically situated between 21°3'24.30"N and 78°2'27.42"E and experiences a tropical 

monsoonal climate, where water availability is largely controlled by seasonal rainfall. The basin covers an area of 391.22 

km² with a perimeter of 107.92 km and is delineated on Survey of India Toposheet Nos. 55G/16, 55H/13, 55L/1, and 

55K/4 at a scale of 1:50,000. The climate is characterized by hot summers (March–June) with temperatures ranging from 

40°C to 44°C, and moderately cold winters (November–February) with temperatures between 10°C and 15°C. The basin 

receives an annual rainfall of 825.8 - 1250 mm, leading to pronounced seasonal variations in water availability, which 

significantly influence the hydrological and groundwater conditions within the basin.  
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Figure 1. Location map of Suryaganga river basin 

 
III. GEOLOGY 

 

The Suryaganga River Basin is predominantly underlain by basaltic lava flows of the Deccan Trap Supergroup, 

specifically belonging to the Sahyadri Group, which comprises the Chikhli, Karanja, and Ritpur Formations [5]. The 

basalts exhibit a range of textures, from massive and compact types to weathered, vesicular, and amygdaloidal varieties. 

Quaternary alluvial deposits are largely restricted to the eastern part of the basin, near the confluence with the Wardha 

River. Additionally, a minor occurrence of cherty limestone from the Ritpur Formation is present in a very small portion 

of the basin. This geological framework plays a significant role in controlling the hydrogeological characteristics and 

groundwater potential of the region. 

 

IV. IONIC RELATIONS AND SOURCES OF MAJOR COMPONENTS 

 

The weathering processes in the aquifer were studied using scatter plots of major ions and their combinations [6]. These 

plots help identify the geochemical reactions and mineral weathering that influence the quality and composition of 

groundwater. 

 

V. MATERIALS AND METHODS 

 

Eighty groundwater samples were collected from bore and dug wells in 2023, comprising 40 pre-monsoon and 40 post-

monsoon samples to capture seasonal variations. Samples were taken in clean polyethylene bottles after flushing wells 

for 5 - 10 minutes. Field parameters such as pH and electrical conductivity (EC) were measured with pre-calibrated 

portable meters. Major ions were analyzed in the laboratory following [7] standards: Ca²⁺ and Mg²⁺ by EDTA titration, 

Cl⁻ by AgNO₃ titration, HCO₃⁻ by acid titration, Na⁺ and K⁺ using a flame photometer, SO₄²⁻ by spectrophotometric 

turbidimetry, and NO₃⁻ and F⁻ using a Consort C960 electrochemical analyser. 

 

 

VI. Ca²⁺ + Mg²⁺ vs SO₄²⁻+ HCO₃⁻ 

 

The scatter diagram of Ca²⁺ + Mg²⁺ vs HCO₃⁻ + SO₄²⁻ (Fig. 2) shows that most groundwater samples from shallow and 

deep aquifers, in both pre- and post-monsoon periods, fall below the 1:1 equiline. If ion exchange is dominant, the points 

shift to the right, reflecting an excess of SO₄²⁻ and HCO₃⁻ [8-9]. Conversely, if reverse ion exchange occurs, the points 

shift to the left, showing a significant excess of Ca²⁺ and Mg²⁺ over SO₄²⁻ and HCO₃⁻ [10-11]. Most of the groundwater 
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samples collected during both seasons are located to the right of the 1:1 line, indicating a dominance of ion exchange. 

However, a few samples are positioned to the left of the line, suggesting reverse ion exchange. The data points below the 

1:1 equiline (Fig. 2) further emphasize the role of cation exchange and silicate weathering in shaping the groundwater 

chemistry across the aquifer system [12-13].  

 

 

 

                                                              
                                                     Figure 2. Relationship between (Ca²⁺ + Mg²⁺) and (SO₄²⁻ + HCO₃⁻) 

 

VII. NA vs Cl 

 

The scatter diagram of Na⁺ vs Cl⁻ (Fig: 3) shows that most groundwater samples from both shallow and deep aquifers, 

during pre- and post-monsoon periods, fall below the 1:1 equiline. Na⁺/Cl⁻ ratio greater than 1 indicates that silicate 

weathering is a significant source of sodium in the groundwater [11,14-15].  In the study area, elevated sodium 

concentrations were observed during both seasons. This increase may be attributed to the weathering of sodium-bearing 

minerals such as plagioclase and hornblende present in the sediments [14-16]. Chloride concentrations in groundwater 

samples are higher in specific areas during both pre- and post-monsoon periods. The elevated chloride content, which 

exceeds sodium levels, may be attributed to base exchange phenomena or pollution from anthropogenic activities [11]. 

  

                                                         
                                           Figure 3. Na⁺ vs Cl⁻ scatter plots for pre- and post-monsoon 2023 

 

VIII. Na⁺ vs HCO₃⁻ 

 

The Na⁺ versus HCO₃⁻ plot (Fig 4) shows that most groundwater samples lie above the equiline, indicating a relative 

excess of bicarbonate. HCO₃⁻ is one of the dominant anions in the study area. As noted [17], such a shift above the 

equiline can result from ion exchange processes, which are commonly associated with silicate weathering. The elevated 

HCO₃⁻ concentrations further support the dominance of silicate weathering in the region, [15]. 

 

http://www.ijarset.com/


   ISSN: 2350-0328 
 

               

Copyright to IJARSET                                            www.ijarset.com                                                                           954 

 

 
International Journal of Advanced Research 

in Science, Engineering and Technology 

Vol. 12, Special Issue, December 2025 
National Conference on Earth, Elements and Energy: 

Interdisciplinary Perspectives (NC3EIP–2025) 

 

 

 

 

                                                       
 

Figure 4. Na⁺ vs HCO₃⁻ plots for pre-post-monsoon 2023, indicating silicate weathering dominance. 

 

IX. Ca/Ca + SO₄ 

 

The Ca/Ca+SO4 ratio is a key indicator used to determine the source of calcium in groundwater. A ratio greater than 0.5 

suggests that calcium is being removed due to processes like ion exchange or calcite precipitation, whereas a ratio lower 

than 0.5 points to calcium originating from sources such as gypsum-carbonate or silicates [11,15 and 18]. In the study 

area, most groundwater samples, from both aquifers, show a Ca/Ca+SO4 ratio above 0.5 during both the pre- and post-

monsoon periods. This indicates a higher presence of sodium in the water. However, a few samples with a ratio below 

0.5 suggest that calcium is mainly sourced from gypsum-carbonate or silicate minerals.  

 

X. CONCLUSIONS 

 

The scatter plot Ca²⁺ + Mg²⁺ vs HCO₃⁻ + SO₄²⁻ diagram shows that most groundwater samples from both pre- and post-

monsoon periods lie below the 1:1 equiline. This indicates higher concentrations of SO₄²⁻ and HCO₃⁻ compared to Ca²⁺ 

+ Mg²⁺, highlighting the dominance of ion exchange and silicate weathering. The Na⁺ vs Cl⁻ scatter diagram shows that 

most groundwater samples fall below the 1:1 equiline, indicating that sodium primarily comes from silicate weathering. 

The Na⁺ vs HCO₃⁻ plot shows most groundwater samples above the equiline, indicating an excess of bicarbonate. This 

suggests that ion exchange processes, associated with silicate weathering. Most groundwater samples in the study area 

have a Ca/ Ca + SO₄ ratio above 0.5, indicating calcium removal through processes like ion exchange or calcite 

precipitation. A few samples with a ratio below 0.5 suggest that calcium comes from silicate minerals. 
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