
Journal of Agricultural Chemistry and Environment, 2017, 6, 1-29 

http://www.scirp.org/journal/jacen 

ISSN Online: 2325-744X 

ISSN Print: 2325-7458 

DOI: 10.4236/jacen.2017.61001  December 6, 2016 

 

 

 

Hydrochemistry for the Assessment of 

Groundwater Quality in Korea 

Jong Yeon Hwang*, Sunhwa Park, Hyun-Koo Kim, Moon-Su Kim, Hun-Je Jo, Ji-In Kim,  

Gyeong-Mi Lee, In-Kyu Shin, Tae-Seung Kim 

Soil and Groundwater Research Division, NIER, Incheon, Korea  

  
 

 

Abstract 

Understanding of the aquifer hydraulic properties and hydrochemical charac-

teristics of water is crucial for management plan and study skims in the target 

area, and flow motions and chemical species of groundwater are regarded as 

precious information on the geological history of the aquifers and the suitabil-

ity of various usages. Cations and anions of groundwater are used to estimate 

the characteristics and origin of groundwater. In this study, we try to evaluate 

the quality of groundwater based on the comparison of the physiochemical 

characteristics and distribution of cations and anions in groundwater from ru-

ral areas. Therefore we focused on the evaluation of groundwater as some spe-

cific purposes such as agricultural and industrial use, general types of ground-

water, lithological origin of chemical component in groundwater. In this point 

of view, major objectives of this study were grouped as following three catego-

ries: 1) quality assessment of groundwater as a special usage (agricultural, in-

dustrial); 2) determination of groundwater types; 3) tracing of ion sources of 

groundwater. The quality of agricultural water was evaluated using SAR, so-

dium (%), RSC, PI, SSP, MH, PS, and Kelly’s ratio, and was classified as SAR 

(Excellent (100%)), Sodium ((Excellent (34%), Good (55%), Permissible (9%), 

Doubtful (1.6%), Unsuitable (0.4%)), RSC (Good (95.7%), Medium (3.5%), 

Bad (0.8%)), PI((Excellent (40.6%), Good (59%), Unsuitable (0.4%)), SSP 

((Excellent (26.3%), Good (59.8%), Fair (13.1%), Poor (0.8%)), MH ((Accepta-

ble (94.4%), Non-Acceptable (5.6%)), Kelly’s Ratio ((Permissible (93%), Non- 

Permissible (7%)), PS ((Excellent to Good (98%), Good to Injurious (1.2%), 

and Injurious to Unsatisfactory (0.2%)). Evaluation based on the Wilcox dia-

gram was classified as “excellent to good” or “good to permissible”, and the 

water quality evaluated using the U.S. salinity Laboratory’s Diagram was classi-

fied as C1S1 (Excellent/Excellent) and C2S1 (Good/Excellent). And, in the ap-

plications of two factors of Langelier Saturation Index (LSI) and Corrosive ra-

tio (CR), we could get similar results for defining the suitabilities of ground-

water for the industrial purpose. And the groundwater samples were also clas-
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sified groundwater using the Piper diagram and estimated the origin of ions 

using the Gibbs and Chadah diagram, and the classifications based on the Pi-

per diagram showed that the types of the groundwater are ( )2

3Ca - Cl -NO+ − −  

type and 2

3Ca -HCO+ −  type. And, estimation of dominance type (evaporation, 

rock, precipitation) based on the Gibbs diagram showed that the origin of 

anion and cation in groundwater are from the rock-do- minance, and the esti-

mation of origin of anions using the Chadha diagram showed that the most of 

the ionic species was originated from the interactions between alkaline earths 

and alkali metals contained in the soil. And through the source-rock deduction 

followed by the comparison of Gibbs and Chadah diagram, it was shown that 

the chemical components in the groundwater were mostly induced from the 

water-rock deduction and major types of groundwater samples following the 

Chadah diagram were categorized such as following group types: dolomite 

type, gypsum type, alkaline and alkaline earth type. 
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1. Introduction 

Water is not only the essence of life but also one of the most crucial factors de-

termining the quality of life of the people. The climate change and increasing 

disruptions in the rainfall patterns, temperature and soil moisture directly im-

pacted the water availability and its quality for drinking, livestock use, agricul-

ture and various other purposes, and in this respect, the latest patterns of climate 

changes and water deficit reflected the depletion of water sources and deteriora-

tion of water quality in many parts of the world [1] [2] [3]. In addition to 

groundwater decline, pollutions of water resources further enhance the multiple 

problems and put up more pressure on the difficulty of finding out available 

fresh water resources [4]. So, the development of other water sources including 

groundwater has begun from the beginning of 1970’s in sub-Sahara country and 

middle-eastern countries. Recognizing of the importance for developing of new 

sources and assessment of groundwater quality has become a major goal for the 

government workers and scientists who have the responsibilities of management 

and research of the surface water and groundwater in every country of the 

world. As we know, groundwater quality is determined by the solutes, flow paths 

and soil gases dissolved in the water, as well as the matter suspended in and 

floating on the water. So, the water quality is a consequence of the natural phys-

ical and chemical state of the water as well as any alterations factors that may 

have occurred as a consequence of human activity and microbial activities in 

soils. Because the paths of groundwater in soil cannot be recognized, ground- 

water chemistry is also largely a function of the mineral composition of the 
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aquifer through which it flows. As groundwater moves along its path from one 

aquifer to another areas, a variety of hydrogeochemical processes alter its chem-

ical composition. So, the hydrogeochemical processes of the groundwater vary 

spatially and temporally, depending on the geological and chemical characteris-

tics of the aquifer. In various parts of the world, numerous studies have been 

carried out to assess the geochemical characteristics of groundwater affected by 

contamination from human activities such as sewage effluents, agricultural ferti-

lizers and ion-exchange, evapotranspiration and water-rock interactions which 

result in an increase of the ion concentration making water unfit for drinking 

and agricultural purpose [5]-[12]. Determination of groundwater composition 

and its interpretation is very important for the evaluation of its suitability for 

domestic, irrigation and industrial uses. Thus, knowledge on hydrogeochemical 

processes that control ground-water chemical evolutions could lead to improved 

understanding of characteristics of an aquifer, and these would become a very 

important contribution for the effective management and development of new 

aspects of groundwater resources.  

In this study, many assessing methods of groundwater using specific purposes 

were carried out for agricultural purposes, industrial usages and deduction of 

water-rock interactions. The assessment of groundwater for agricultural purpose 

was done by using SAR (Sodium Adsorption Ratio), Na(%), RSC (Residual So-

dium Carbonate), PI (Permeability Index), SSP (Soluble Sodium Percent), MH 

(Magnesium Hazard), KR (Kelly’s Ratio) and PS (Potential soil Salinity). The 

Wilcox diagram based on Na (%) and electrical conductivity, as well as the U.S. 

salinity Laboratory’s Diagram based on SAR and electrical conductivity, is also 

used to evaluate water quality for agricultural usage [13]-[25]. And, secondly the 

water samples were assessed for the suitability of the industrial usage by applying 

the factors such as: LSI (Langelier Saturation Index), CR (Corrosivity Ratio) 

[26]. And, the understanding of the water-rock interaction of groundwater in 

flow paths of groundwater weathering processes have studied by using of the 

chemical processes and adaptation of the chemical reaction equations for the 

relative correlations between ion groups such as: calcium and magnesium, so-

dium and potassium, chloride and sulfate. And finally, Gibbs diagram and Cha-

dah diagram were applied to assume the geochemical evolution of groundwater 

by plotting the concentration of major cations and anions, and the relationship 

of water quality composition and aquifer lithological characteristics.  

2. Material and Experimental Methods 

2.1. Sampling Preparation and Measurement of On-Site Items  

The overall objective of most groundwater sampling is to collect samples that are 

representative, that is, samples that accurately reflect in situ groundwater condi-

tions in the formation of interest at the site under investigation. A representative 

ground-water sample must reflect the physical and chemical properties of the 

groundwater in that portion of formation open to the well to be samples. There-

fore, many investigators have acknowledge the difficulty of obtaining samples 
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that are truly representative of subsurface conditions [27] [28] [29] [30] [31]. 

Because of the importance for ‘the least disturbance or change in the chemical 

and physical properties’ of water samples, we followed the guide line of ground-

water sampling and in situ measurement for onsite items.  

In this study, all samples were collected for two different seasons representing 

(Pre-monsoon/PRM (June) and Post-monsoon/POM (July-November) to broadly 

cover the seasonal variations. A total of 486 (Pre-monsoon; 206 samples, Post- 

monsoon; 280 samples) groundwater samples were collected in one liter acid 

washed, well rinsed low density polyethylene bottles with inside stopper from 

bore wells and analyzed for chemical parameters following the guidelines. The 

samples were collected after pumping the wells for enough time of 15 - 20 min, 

and by subsequent filtering through 0.45 um membranes. The analyzed parame-

ters include the activity of hydrogen ion concentration (pH), electrical conduc-

tivity (EC), total hardness(TH), total dissolved solids (TDS) and cation groups 

like Calcium (Ca2+), magnesium (Mg2+), sodium (Na+), potassium(K+) and anion 

groups like bicarbonate ( 3HCO− ), Chloride (Cl−), Nitrate ( 3NO− ), Phosphate 

( 3

4PO − ). The pH and electrical conductivity (EC) were measured using pH and 

EC meters. All anions and cations were analyzed by Ion chromatography (Dio-

nex) and analytical conditions of anion and cation for groundwater were shown 

in Table 1. Following the guidelines, quality controls and quality assurances 

were undertaken by checking every step for the guarantee of miscellaneous fac-

tors such as followings; calibration curves, blanks, sample preservations, dupli-

cate samples, standards, and charge balances of ionic substances. 

2.2. Evaluations of Groundwater Quality as an Agricultural Usage  

Many parameters are used to define irrigation water quality, to assess salinity 

hazards, and to determine appropriate management strategies. A complete water 

quality analysis will include the determination of such as following factors: 1) the 

total concentration of soluble salts; 2) the relative proportion of sodium to the 

other cations; 3) the bicarbonate concentration as related to the concentration of 

calcium and magnesium; 4) the concentration of specific elements and com-

pounds. Therefore, the amounts and combinations of these substances define the 

suitability water for irrigation and the potential for plant toxicity. In most  

 

Table 1. Analytical conditions of anion and cation for groundwater. 

Items anion cation 

Column 
Ion Pac AS12A (25 cm(L.),  

4 mm × 250 mm 

Ion Pac CS12A,  

4 mm × 250 mm 

Eluent 
3.5 mM sodium carbonate + 1.0 mM  

sodium-bicarbonate 
Methanesulfonic acid 20 mM 

Velocity of eluent 1.2 mL/min. 1.0 mL/min 

Injection volume 50 uL 50 uL 

Detector Electric conductivity detector Electric conductivity detector 
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irrigation situations, the primary water quality concern is salinity levels, since 

salts can affect both the soil structure and crop yield. But, a number of trace 

elements are found in water which can limit its use for irrigations. In this point 

of view, in this study we focused on the property and suitability of groundwater 

for irrigation of farm fields and rice fields, so most of the sampling sites are lo-

cated in the rural area of middle and southern province of Korea. As we men-

tioned, irrigation waters pumped from wells contain considerable chemical con-

stituents derived from natural soil environment and man activities that may in-

fluence crop yield and soil fertilities [32]. The irrigation of groundwater to the 

rice field and farm field always introduces major nutrients and salts into the root 

zone. So, naturally plant roots take in water but absorb very little salt from the 

soil solution. Similarly, water evaporates from the soil surface but salts remain 

behind. The processes result in a gradual accumulation of salts in the root zone 

affecting the plants by creating salinity hazard, water deficiency and toxicity 

[33]. So for the solutions of compensating such problems, it is necessary to have 

a logical and scientific information concerning the quality of irrigation water 

and its effect on soils and crops. So, in this study major assessing methods for 

the groundwater quality assurance were applied for the key items such as fol-

lowings; SAR, Na(%), RSC, PI, SSP, MH, Kelly’s Ratio, PS and all equation were 

shown in Table 2.  

SAR (Sodium adsorption ratio) 

Sodium adsorption ratio also expressed as sodium content or alkali hazard is 

very important for determining the quality of water used for irrigation purposes.  

 
Table 2. Equations and classifications for evaluating of groundwater. 

Items Equations Classifications References 

SAR ( ) ( )2 2Na Ca Mg 2+ + + +   
Excellent, Good,  

Permissible, Doubtful 

Richards  

(1954) 

Na (%) ( ) ( )2 2Na K Ca Mg K Na 100+ + + + + + + + + + ×   

Excellent, Good,  

Permissible, Doubtful,  

Unsuitable 

Wilcox  

(1954) 

RSC ( ) ( )2 2 2

3 3
HCO CO Ca Mg− − + ++ − +  Good, Medium, Bad 

Richards  

(1954) 

PI 
2 2

3
Na HCO Ca Mg Na 100+ − + + +  + + + ×       

Excellent, Good,  

Unsuitable 

Doneen  

(1964) 

SSP ( ) ( )2 2Na K K Na Ca Mg 100+ + + + + + + + + + ×   
Excellent, Good,  

Fair, poor 

Joshi  

(2009) 

MH ( ) ( )2 2 2Mg Ca Mg 100+ + + + ×   Suitable, Unsuitable 
Paliwal  

(1972) 

Kelly’s 

Ratio 
( ) ( )2 2Na Ca Mg+ + + +   

Permissible,  

Non-Permissible 

Kelly  

(1963) 

PS 2

4
Cl SO− −+  

Excellent to Good,  

Good to Injurious,  

Injurious to Unsatisfactory 

Doneen 

(1954, 1962) 
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Higher salinity reduces the osmotic activity of plants and prevents water from 

reaching the branches and leaves of plants resulting in inferior production [34]. 

Moreover, irrigation water with high Na+ and low Ca2+ favors ion exchange by 

saturation of Na+, destroys the soil structure due to dispersion of clay particles 

[35] resulting in minor production due to difficulty in cultivation [36]. 

Na (%) 

Sodium is an important ion used for the classification of irrigation water due 

to its reaction with soil that reduces its permeability. Percentage of Na+ is widely 

used for assessing the suitability of water for irrigation purposes [24]. Na+ is ex-

pressed as percent sodium or soluble-sodium percentage (Na (%)). 

RSC (Residual Sodium Carbonate) 

The sum of carbonate and bicarbonate over the sum of calcium and magne-

sium in water influences the fit of ground-water for irrigation purposes. An 

excess sodium bicarbonate and carbonate influence the physical properties of 

soil by dissolution of organic matter in soil that leaves a black stain on its surface 

on drying [37]. 

PI (Permeable Index) 

The permeability of soil is influenced by sodium, calcium, magnesium and 

bicarbonate contents in soil which also influences the quality of irrigation water 

on long term use. Doneen [38] has evolved a criterion for assessing the suitabili-

ty of water for irrigation based on PI. 

SSP (Soluble sodium percentage)  

Soluble Sodium Percentage (SSP) is also used for assessment of irrigation wa-

ter quality, as an important factor to study the sodium hazard. SSP is defined as 

the ration of sodium the total cation multiplied by 100. High sodium (Na+) per-

centage can decrease soil permeability and inhibit plant growth.  

MH (Magnesium Hazard) 

The Ca2+ and Mg2+ ions maintain a state of equilibrium in most groundwater 

[39]. In equilibrium, Mg2+ in water affects the soil by making it alkaline and re-

sults in decrease of crop yield [40]. The measure of the effect of magnesium in 

irrigated water is expressed as the magnesium ratio and Paliwal developed an 

index for calculating the magnesium hazard. 

Kelly’s Ratio (KR) 

Kelly’s Ratio is used for the classification of water for irrigation purposes. A 

KI (>1) shows an excess of sodium and KI (<2) signifies its deficit in waters [41]. 

The waters with low KI (<1) are suitable for irrigation while those with greater 

ratio are unsuitable [42]. 

PS (Potential Salinity) 

Doneen [43] pointed out that the suitability of water for irrigation is not de-

pendent on the concentrations of soluble salts. Doneen is of the opinion that the 

low soluble salts gets precipitated in the soil and accumulated with each succes-

sive irrigation, whereas the concentrations of highly soluble salts enhance the sa-

linity of the soil. Potential salinity is defined as the chloride concentration plus 

half of the sulfate concentration. 
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2.3. Evaluations of Groundwater Quality as a Industrial Usage  

Water is considered safe for industrial use if it is neither scale-forming nor 

scale-removing in nature. The water saturation index is used to assess whether 

water is precipitating out, dissolving or in equilibrium with calcium carbonate. 

Indices like LSI, and CR has been calculated to understand groundwater indus-

trial suitability and each equation (all units are in mg/l) are such as followings 

[44];  

( )Langelier Saturation Index LSI pHw pHs= −             (1) 

where pHw = measured pH, and ( ) ( )pHs 9.3 A B C D= + + − +  

[ ]( )10A log TDS 1 10= −  

( )10B 13.12 log C 273 34.55= − × + +  

2

10 3C log Ca as CaCO 0.4+ = −   

[ ]10 3D log Alkalinity as CaCO=  

( ) ( ) ( ) ( )2 2

4 3 3Corrosive Ratio CR Cl 35.5 SO 48 CO HCO 50− − − − = + +    (2) 

2.4. Classifications and Estimation of Origins for Groundwater  

The characteristics of cations and anions in groundwater represent the unique 

physiochemical characteristics caused by the groundwater’s interaction with 

rock and soil while flowing in the aquifer. The aquifer represents the characteris-

tics of water bodies with different chemical compositions. Therefore, such cha-

racteristics are called the hydrochemical facies of groundwater. The hydrochem-

ical facies is known to be affected by the rocks of the aquifer and the flow of 

groundwater, and groundwater can be classified using the Piper diagram using 

the distribution of cations and anions. In this study, we used the Piper diagram 

which is a major method for classifying groundwater to classify the samples for 

each sampling period and purposes of groundwater. In addition, the distribution 

of anions ( Cl− , 3HCO− ) and cations (Na+, Ca2+) as well as the TDS value were 

applied to plot the Gibbs diagram to guess the dominance types such as ; evapo-

ration dominance, rock dominance, precipitation dominance. Besides the piper 

diagram [45] and Gibbs diagram [46], the Chadah diagram was applied to com-

pare the piper diagram to look at the possibility for replacing piper diagram and 

whether well matched or not with piper diagram.  

2.4.1. Piper Diagram 

Piper diagrams are a combination of anion and cation triangles that lie on a 

common baseline. Adjacent sides of two triangles are the 60˚ apart. A diamond 

shape between them is used to replot of the analyses as circles whose areas are 

proportional to their TDS. The position of an analysis that is plotted on a piper 

diagram can be used to make tentative conclusion as to the origin of the water 

represented by the analysis. The study of Piper’s 1944 paper is strongly recom-

mended for anyone using plots extensively.  
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2.4.2. Gibbs Diagram 

Gibbs diagram is used to interpret the effect of hydrogeochemical processes such 

as precipitation, rock-water interaction mechanism and evaporation on ground- 

water geochemistry. The reaction between groundwater and aquifer minerals has 

a significant role in groundwater quality which is useful to assume the genesis of 

water. Gibbs ratio is calculated using the following equation. 

( ) ( ) ( )3Gibbs ratio I for anion Cl Cl HCO− − −= +              (3) 

( ) ( ) ( )2Gibbs ratio II for cation Na K Na K Ca+ + + + += + + +          (4) 

2.4.3. Chadah Diagram 

Chadah diagram [46] is a somewhat modified version of the Piper diagram and 

the expanded Durov diagram. The difference in milliequivalent percentage be-

tween alkaline earths (calcium plus magnesium) and alkali metals (sodium plus 

potassium), expressed as percentage reacting values, is plotted on the X axis, and 

the difference in milliequivalent percentage between weak acidic anions (carbo-

nate plus bicarbonate) and strong acidic anions (chloride plus sulphate) is plot-

ted on the Y axis. The milliequivalent percentage differences between alkaline 

earths and alkali metals, and between weak acidic anions and strong acidic 

anions, would plot in one of the four possible sub-fields of the proposed dia-

gram.  

3. Result and Discussion 

3.1. General Hydrogeochemistry 

In this study, pH, electrical conductivity (EC), dissolved oxygen (DO), and oxi-

dation-reduction potential (ORP) were measured on site. As we mentioned 

about of the objectives of this paper, Groundwater samples were classified based 

on their use as agricultural, residential, and drinking water, and was also classi-

fied as pre-monsoon and post-monsoon based on the time of sampling. The data 

of on-site measurements were shown that the ranges of electrical conductivities 

were 56 - 1885 μs/cm for agricultural water, 24 - 511 μs/cm residential water, 51 - 

959 μs/cm drinking water, and 193 - 241 μs/cm for industrial water. These show 

that the electrical conductivity range of agricultural water is broader than that of 

groundwater for other purposes, and that the electrical conductivity ranges of 

industrial water are also slightly broader than that of groundwater for residential 

or drinking purposes. The dissolved oxygen was 0.6 - 10.0 mg/L for agricultural 

water, 0.3 - 11.0 mg/L for residential water, 0.5 - 10.9 mg/L for drinking water 

with an average of 5.5 mg/L, and 3.5 - 4.5 mg/L for industrial water. The 

monthly average dissolved oxygen was 7.2 mg/L for June, 5.6 mg/L for July, 3.8 

mg/L for September, 4.9 mg/L for October, and 6.2 mg/L for November. This 

shows that the DO is low in September, which is immediately after summer, and 

the maximum DO in September was 6.1 mg/L, which is lower than that of June 

and November. The results also showed that the oxidation-reduction potential is 

−19 - 244 mV with a monthly average of 181.6 mV for June, 166.8 mV for July, 
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186.2 mV for September, 211.4 mV for October, and 210.7 mV for November. 

Little differences can be seen between each month, even though the ORP showed 

an increase after July. Table 3 shows the on-site measurements for each ground- 

water sample. 

3.2. Distributions of Cations and Anions  

In this study, we make an attempt to compare the distribution of four cations, 

Na+
, Ca2+, K+, Mg2+ and focusing on the evaluation of groundwater quality  

 

Table 3. pH, EC, DO, ORP values (Average, Minimum, Maximum) of samples. 

Items 

Usage 

pH EC (μS/cm) DO (mg/L) ORP (mV) 

Ave. Min. Max. Ave. Min. Max. Ave. Min. Max. Ave. Min. Max. 

Jun. 

(n = 206) 

Agricultural 7.1 6.5 8.6 201 69 697 7.1 3.4 10 170 0 235 

Living 6.3 6.3 8.8 68 68 433 2.2 2.2 10 90 90 271 

Drinking 6.9 6.1 7.9 182 51 959 7.2 2.3 10.9 183.5 88 301 

Ave. 7.0 6.1 8.8 181 51 959 7.2 2.2 10.9 181.6 0 301 

Jul. 

(n = 33) 

Agricultural 7.0 6.5 7.9 199 78 446 5.3 4.7 6 152.1 57 233 

Living 7.3 6.5 8.3 178 75 354 5.9 4.7 11 176.5 30 258 

Drinking 7.3 6.4 8.2 164 76 447 5.4 4.6 6.3 165.2 45 224 

Ave. 7.2 6.4 8.3 180 75 447 5.6 4.6 11 166.8 30 258 

Sep. 

(n = 194) 

Agricultural 7.0 6.2 8.4 199 56 1033 3.8 0.6 5.4 180.9 58 232 

Living 6.9 6.1 7.6 157 24 455 3.8 0.3 6.1 188.6 69 270 

Drinking 6.9 6.3 7.7 153 58 334 3.6 0.5 5.8 184 54 233 

Industrial 7.1 6.9 7.2 193 151 241 3.9 3.5 4.5 224.7 210 235 

Ave. 6.9 6.1 8.4 164 24 1033 3.8 0.3 6.1 186.2 54 270 

Oct. 

(n = 33) 

Agricultural 6.8 6.6 7 338 203 474 4.7 4.3 5.1 223.8 204 244 

Living 7.2 6.8 7.8 203 112 511 4.9 3.1 5.3 206 163 245 

Drinking 7.2 6.8 7.6 147 79 252 4.9 4.6 5.3 213.1 146 243 

Ave. 7.2 6.6 7.8 194 79 511 4.9 3.1 5.3 211.4 146 245 

Nov. 

(n = 17) 

Agricultural 7.7 7.1 8.4 1053 220 1885 5.3 3.2 7.3 26.5 −19 72 

Living 7.7 6.2 8.5 242 82 383 6.5 4.9 7.9 192.1 91 289 

Drinking 7.8 7.6 8 219 125 357 6.1 3.6 7.5 300 163 460 

Ave. 7.7 6.2 8.5 329 82 1885 6.2 3.2 7.9 210.7 −19 460 

Usage 

(n = 483) 

Agricultural 7.1 6.2 8.6 226 56 1885 5.4 0.6 10 171.8 −19 244 

Living 7.0 6.1 8.8 172 24 511 5.6 0.3 11 187.3 30 289 

Drinking 7.0 6.1 8.2 168 51 959 5.5 0.5 10.9 189.1 45 460 

Industrial 7.1 6.9 7.2 193 151 241 3.9 3.5 4.5 224.7 210 235 

Ave. 7.0 6.1 8.8 180 24 1885 5.5 0.3 11 185.5 −19 460 

Seasonal 

(483) 

Pre-monsoon 7.0 6.1 8.8 181 51 959 7.2 2.2 10.9 181.6 0.0 301 

Post-monsoon 7.0 6.1 8.5 179 24 1885 43 0.3 11.0 1884 −19 460 
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described in sampling period and groundwater usages. The results showed to be 

17.51 - 68.77 mg/L and 17.63 - 178.8 mg/L for Na+, 2.4 - 40.99 mg/L and 3.79 - 

124.4 mg/L for K+, 8.08 - 60.34 mg/L and 6.48 - 62.03 mg/L for Mg2+, and 36.82 - 

229.94 mg/L and 33.65 - 189.4 mg/L for Ca2+ in cation groups. The distribution 

characteristics for groundwater water usages showed that cation concentrations 

were high in agricultural water while other results were slightly high in October 

and November comparing the data of June, July, and September. All of the data 

of cation groups are shown in Table 4. And the distribution of five anions, Cl− , 

 

Table 4. Na+
, Ca2+, K+, Mg2+values (Average, Minimum, Maximum) of samples (mg/L, n = 483). 

Items 

Usage 

Na+ Ca2+ K+ Mg2+ 

Ave. Min. Max. Ave. Min. Max. Ave. Min. Max. Ave. Min. Max. 

Jun. 

(n = 206) 

Agricultural 18.93 4.27 63.61 42.79 5.54 193.81 2.21 0.39 13.42 9.56 2.46 60.34 

Living 0.59 0.59 62.11 2.66 2.66 164.22 0.36 0.36 40.99 0.55 0.55 46.15 

Drinking 17.82 4.97 68.77 38.7 6.67 229.94 1.90 0.00 35.65 7.98 0.81 37.84 

Ave. 17.51 0.59 68.77 36.82 2.66 229.94 2.40 0.00 40.99 8.08 0.55 60.34 

Jul. 

(n = 33) 

Agricultural 21.56 11.28 51.7 45.62 13.53 102.81 8.19 2.55 19.49 4.25 0.76 20.07 

Living 15.58 4.97 34.78 26.72 12.51 57.02 4.61 0.72 9.59 2.94 0.37 18.4 

Drinking 16.36 6.13 54.91 28.77 7.78 64.81 4.00 1.02 6.68 3.81 0.61 12.57 

Ave. 17.43 4.97 54.91 32.43 7.78 102.81 5.42 0.72 19.49 3.54 0.37 20.07 

Sep. 

(n = 194) 

Agricultural 21 1.95 178.15 36.29 4.36 189.4 3.03 0.21 10.87 9.89 1.01 62.03 

Living 14.82 0.92 77.83 1.9 3.39 117.41 2.89 0.23 23.68 5.96 0.31 21.19 

Drinking 16.12 3.27 55.77 30.57 7.72 87.08 1.56 0.4 8.99 6.16 1.05 23.37 

Industrial 21.79 9.85 32.19 32.77 19.59 43.57 3.06 2.72 3.3 7.75 3.57 14.97 

Ave. 16.51 0.92 178.15 32.23 3.39 189.4 2.45 0.21 23.68 6.74 0.31 62.03 

Oct. 

(n = 33) 

Agricultural 69 5.6 178.7 60.83 20.9 147 34.5 1.9 124.4 24.18 11.2 35.4 

Living 18.94 5.7 41.7 41.64 12.5 125.4 5.74 0.4 23.4 6.83 1.3 14.5 

Drinking 16.31 7.5 55.8 27.03 9.06 51.1 1.28 0.3 5.6 4.41 1 12.6 

Ave. 23.81 5.6 178.7 37.32 9.06 147 7.2 0.3 124.4 7.83 1 35.4 

Nov. 

(n = 17) 

Agricultural 28.97 5.89 52.04 73.53 32.87 114.18 37.42 1.93 72.9 20.53 12.68 28.37 

Living 22.04 5.85 51.37 46 13.31 138.89 7.75 0.47 34.38 5.68 0.29 15.65 

Drinking 10.86 4.83 16.58 34.29 25.25 40.1 2.23 0.45 5.85 3.72 0.29 8.82 

Ave. 18.91 4.83 52.04 45.1 13.31 138.89 9.29 0.45 72.9 6.74 0.29 28.37 

Usage 

(n = 483) 

Agricultural 22.65 1.95 178.7 41.98 4.36 193.81 5.53 0.21 124.4 10.09 0.76 62.03 

Living 16.21 0.59 77.83 33.09 2.66 164.22 3.42 0.23 40.99 6.48 0.29 46.15 

Drinking 16.75 3.27 68.77 34.02 6.67 229.94 1.84 0.00 35.65 6.65 0.29 37.84 

Industrial 21.79 9.85 32.19 32.77 19.59 43.57 3.06 2.72 3.3 7.75 3.7 14.92 

Ave. 17.58 0.59 178.7 35 2.66 229.94 3.19 0.00 124.4 7.17 0.29 62.03 

Seasonal 

(483) 

Pre-monsoon 17.51 0.59 68.77 36.82 2.66 229.94 2.4 0.00 40.99 8.08 0.55 60.34 

Post-monsoon 17.63 0.92 178.8 33.65 3.39 189.4 3.79 0.21 124.4 6.48 0.29 62.03 
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2

4SO − , 2

3CO − , 3HCO− , and 3

4PO −  were also compared focusing on the evalua-

tion of groundwater quality. The results showed to be 28.0 - 512.0 mg/L and 

27.00 - 271.00 mg/L for Cl− , 19.03 - 65.0 mg/L and 17.01 - 98.00 mg/L for 
2

4SO − , 45.42 - 431.27 mg/L and 49.27 - 867.59 mg/L for 2

3CO − , and 92.24 - 

875.81 mg/L and 100.06 - 1761.91 mg/L for 3HCO− , and 0.00 - 0.00 mg/L and 

0.21 - 0.35 mg/L for 3

4PO − . The distribution characteristics of all anion data 

showed even distribution for agricultural, living, drinking and industrial water, 

and all of the data for each sampling period and usage are shown in Table 5. 

 

Table 5. Cl− , 2

4
SO − , 2

3
CO − , 

3
HCO− , 3

4
PO −  values (Average, Minimum, Maximum) of samples (mg/L, n = 483). 

Items 

Usage 

Cl− 
2

4
SO −  2

3
CO −  

3
HCO−  3

4
PO −  

Ave. Min. Max. Ave. Min. Max. Ave. Min. Max. Ave. Min. Max. Ave. Min. Max. 

Jun. 

(n = 206) 

Agricultural 26 8 78 20.31 0.00 50 62.12 8.82 431.27 126.16 17.91 875.81 0.00 0.00 0.00 

Living 3 3 179 0.0 0.00 65 42.38 1.20 338.74 2.44 2.44 687.92 0.00 0.00 0.00 

Drinking 30 6 512 19.28 7.00 58 41.61 4.20 154.91 84.49 8.54 314.59 0.00 0.00 0.00 

Ave. 28 3 512 19.03 0.00 65 45.42 1.20 431.27 92.24 2.44 875.81 0.00 0.00 0.00 

Jul. 

(n = 33) 

Agricultural 32 3 70 25.04 2.66 70.21 54.19 28.82 114.05 110.05 58.52 231.61 0.00 0.00 0.00 

Living 20 4 49 16.98 0.56 52.8 41.25 15.01 84.67 83.76 30.48 171.96 0.00 0.00 0.00 

Drinking 21 4 98 15.2 4.14 41.16 32.14 7.21 49.36 65.26 14.64 100.25 0.00 0.00 0.00 

Ave. 24 3 98 18.69 0.56 70.21 42.29 7.21 114.05 85.89 14.64 231.61 0.00 0.00 0.00 

Sep. 

(n = 194) 

Agricultural 28 2 181 20.21 4.00 70 60.28 13.80 424.08 122.42 28.03 861.22 0.27 0.19 0.35 

Living 27 1 247 17.02 2.00 73 38.61 1.80 171.73 78.40 3.66 348.74 0.00 0.00 0.00 

Drinking 20 2 100 14.54 2.00 98 41.09 12.01 117.80 83.45 24.40 239.22 0.00 0.00 0.00 

Industrial 42 23 60 35.33 15.00 64 36.39 22.23 58.26 73.91 45.14 118.31 0.00 0.00 0.00 

Ave. 25 1 247 17.02 2.00 98 43.37 1.80 424.08 88.07 3.66 861.22 0.27 0.19 0.35 

Oct. 

(n = 33) 

Agricultural 96 16 177 12.25 6.00 27 324.65 49.85 867.59 659.31 101.24 1761.91 0.00 0.00 0.00 

Living 44 3 248 21.85 2.00 79 44.33 12.01 127.31 90.02 24.40 258.55 0.17 0.17 0.17 

Drinking 15 6 39 74.5 2.00 25 49.03 21.62 91.30 163.36 24.40 1761.91 0.15 0.12 0.17 

Ave. 37 3 248 14.13 2.00 79 80.44 12.01 867.59 163.36 24.40 1761.91 0.15 0.12 0.17 

Nov. 

(n = 17) 

Agricultural 60 18 101 7.5 7.00 8 304.87 135.86 473.88 619.14 275.91 962.36 0.00 0.00 0.00 

Living 58 3 271 23.89 4.00 33 32.63 4.81 84.07 66.26 9.76 170.72 0.21 0.21 0.21 

Drinking 16 9 29 15.5 4.00 26 46.79 24.62 73.75 95.01 49.99 149.78 0.00 0.00 0.00 

Ave. 44 3 271 19 4.00 33 69.65 4.81 473.88 141.45 9.76 962.36 0.21 0.21 0.21 

Usage 

(n = 483) 

Agricultural 31 2 181 20.09 0.00 70.21 78.59 8.82 867.59 159.60 17.91 1761.91 0.02 0.00 0.35 

Living 29 1 271 18.16 0.00 79 40.48 1.20 338.74 82.20 2.44 687.92 0.00 0.00 0.21 

Drinking 24 2 512 16.27 2.00 98 41.73 4.21 154.91 84.74 8.54 314.59 0.00 0.00 0.12 

Industrial 42 23 60 35.33 15.00 64 36.39 22.23 58.26 73.91 45.14 118.31 0.00 0.00 0.00 

Ave. 28 1 512 17.9 0.00 98 47.63 1.20 867.59 96.72 2.44 1761.91 0.01 0.00 0.35 

Seasonal 

(483) 

Pre-monsoon 28 3 512 19.03 0.00 65 45.42 1.20 431.27 92.24 2.44 875.81 0.00 0.00 0.00 

Post-monsoon 27 1 271 17.01 0.56 98 49.27 1.80 867.59 100.06 3.66 1761.91 0.21 0.12 0.35 
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3.3. Suitability for Agricultural Purpose 

3.3.1. SAR, Na (%), RSC, PI, SSP, MH, Kelly’s Ratio, PS  

The suitability of groundwater for irrigation is contingent on the effects of the 

mineral constituents in the water on both the plants and soil. Salts may harm 

plant’s growth physically by limiting the uptake of water through modification 

in the osmotic processes or chemically by metabolic reactions such as those 

caused by toxic constituents. Effects of salts on soils cause changes in soil 

structure, permeability, and aeration, which indirectly affect plant growth. An 

important factor allied to the relation of crop growth to water quality is drai-

nage. If a soil is open and well drained, crops may be grown on it with the ap-

plication of generous amounts of saline water; on the other hand, a poorly 

drained area combined with application of good quality water may fail to pro-

duce as satisfactory a crop. The important hydrochemical parameters of 

groundwater used to determine its suitability for irrigation are EC, Salinity, 

Percent sodium (Na (%)), Sodium Adsorption Ratio (SAR), RSC, Permeability 

Index (PI) and Magnesium Ratio. As a results of applying the equations and 

classifications for evaluating of groundwater (Table 2), we could get the fol-

lowing classifications; SAR (Excellent (100%)), Sodium ((Excellent (34%), 

Good (55%), Permissible (9%), Doubtful (1.6%), Unsuitable (0.4%)), RSC 

(Good (95.7%), Medium (3.5%), Bad (0.8%)), PI((Excellent (40.6%), Good 

(59%), Unsuitable (0.4%)), SSP ((Excellent (26.3%), Good (59.8%), Fair 

(13.1%), Poor (0.8%)), MH ((Acceptable (94.4%), Non-Acceptable (5.6%)), 

Kelly’s Ratio ((Permissible (93%), Non-Permissible (7%)), PS ((Excellent to 

Good (98%), Good to Injurious (1.2%), and Injurious to Unsatisfactory 

(0.2%)). All results are shown in Table 6 and Table 7. 

3.3.2. Electrical Conductivity and Na (%) 

EC and Na concentrations are important in classifying irrigation water. High salt  

 

Table 6. Classifications of groundwater by SAR, Na (%), RSC, PI. 

Classification  

of assessment 

SAR Na (%) RSC PI 

10 - 20 Excellent (E) Up to 20 Excellent (E) <1.25 Good/Safe (G) >75% Excellent (E) 

10 - 18 Good (G) 20 - 40 Good (G) 1.25 - 2.5 Medium/Marginal(M) 2 - 75% Good (G) 

18 - 26 Fair (F) 40 - 60 Permissible (P) >2.5 Bad/Unsuitable (B) >25% Unsuitable (U) 

>26 Poor (P) 60 - 80 Doubtful (D) - - - - 

- - >80 Unsuitable (U) - - - - 

Grade Usage (E) (G) (F) (P) (E) (G) (P) (D) (U) (G) (M) (B) (E) (G) (U) 

Agriculture 17.2 0.0 0.0 0.0 5.8 9.9 0.8 0.6 0.0 16.8 0.0 0.4 6.4 10.8 0.0 

Living 44.7 0.0 0.0 0.0 15.3 24.8 4.3 0.2 0.0 40.9 3.3 0.5 16.8 27.9 0.0 

Drinking 37.5 0.0 0.0 0.0 13.2 19.9 3.1 0.8 0.4 37.3 0.2 0.0 17.2 19.9 0.8 

Industrial 0.6 0.0 0.0 0.0 0.0 0.6 - - - - - - 0.2 0.4 - 

Total (%) 
100 0.0 0.0 0.0 34.3 55.2 8.2 1.6 0.4 95.0 3.5 0.8 40.6 59.0 0.8 

483 (100%) 483 (100%) 483 (100%) 483 (100%) 
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Table 7. Classifications of groundwater by SSP, MH, Kelly’s ratio, PS. 

Classification 

SSP MH Kelly’s Ratio PS 

<20 Excellent (E) >50 Non-Acceptable (NA) >1.0 Permissible (P) <5 Excellent to Good (E) 

20 - 40 Good (G) <0 Acceptable (A) <1.0 Non-permissible (NP) 5 - 10 Good to Injurious (G) 

40 - 80 Fair (F) - - - - >10 Injurious to Unsatisfactory (I) 

>80 Poor (P) - - - - - - 

Grade Usage (E) (G) (F) (P) (NA) (A) (P) (NP) (E) (G) (I) 

Agriculture 5.8 10.3 2.1 0.0 3.3 13.9 14.1 3.1 16.8 0.4 0.0 

Living 12.8 24.8 7.0 0.0 0.4 44.3 43.3 1.4 44.5 0.2 0.0 

Drinking 8.7 24.0 3.9 0.8 1.9 35.6 35.2 2.3 36.6 0.6 1.0 

Industrial - 0.6 - - - 0.6 0.6 - 0.6 - - 

Total (%) 
27.3 59.7 13.0 0.8 5.6 94.4 93.2 6.8 98.5 1.2 0.3 

483 (100%) 483 (100%) 483 (100%) 483 (100%) 

 

content (high EC) in irrigation water leads to formation of saline soil. Saliniza-

tion, on the irrigated lands, is the major cause of loss of production, and it has 

adverse environmental impacts on irrigation. Saline conditions severely limit the 

choice of crops and adversely affect crop germination and yields. It is important 

that all evaluations regarding irrigation water quality are linked to the evaluation 

of the soils to be irrigated [48]. Sodium concentration is important in classifying 

irrigation water because sodium reacts with soil to reduce its permeability. In all 

natural waters, percent sodium is a parameter to evaluate its suitability for agri-

cultural purposes [49]; sodium combining with carbonate forms alkaline soils, 

while sodium combining with chloride forms saline soils. Either type of so-

dium-enriched soil will support little or no plant growth. The chemical quality of 

groundwater samples was studied by plotting analytical data relating EC and so-

dium percent (Figure 1) that show that most of the samples belonging to “Ex-

cellent to good”. 

3.3.3. Salinity Hazard and Alkali Hazard 

On the basis of EC values, Richards classified total concentration of soluble salts 

in irrigation water into four groups. High-salinity problems are encountered 

where irrigation activity is in poor drainage agricultural soils and also where 

water logging allows the water table to rise close to the root zone of plants, caus-

ing accumulation of sodium salts in the soil solution through capillary rise fol-

lowing surface evaporation. The sodium or alkali hazard in the use of water for 

irrigation is determined by the absolute and relative concentration of cations. 

The relative activity of sodium ion in the exchange reaction with soil is ex-

pressed in terms of SAR. If high sodium content and low calcium content are 

present in waters used for irrigation purpose, the base-exchange complex may 

become saturated with sodium. This can destroy the soil structure due to the 

de-flocculation (dispersion of clay particles) process. The U.S. salinity Laborato-

ry’s Diagram uses electrical conductivity, and SAR classifies groundwater as CxSx 
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which is a combination of electrical conductivity (C1 - C4) and SAR (S1 - S4) 

(Table 8). The plot of the analytical data on the US salinity diagram, in which the 

EC is taken as a salinity hazard and SAR as an alkalinity hazard (Figure 2), shows 

that most pre-monsoon and post-monsoon samples were classified as C1S1(Excel- 

lent/Excellent) and C2S1 (Good/Excellent). 

3.3.4. Residual Sodium Carbonate 

Residual sodium carbonate (RSC) also influences the suitability of water for ir-

rigation uses. RSC can be estimated by subtracting the quantity of alkaline earths 

 

 

Figure 1. Rating of groundwater samples on the basis of electrical conductivity and Na 

(%). 

 

 

Figure 2. Rating of groundwater samples in relation to salinity hazard and sodium hazard 

(after U. S. salinity laboratory diagram, 1954). 
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Table 8. Classification of groundwater quality based on SAR and conductivity by USSL Classifications (after US Salinity Labora-

tory, 1954) [55]. 

Wilcox diagram 
Classes/Ranges and quality 

Classes Range Quality 

 

Conductivity 

C1 100 - 200 Excellent 

C2 250 - 750 Good 

C3 750 - 2250 Doubtful 

C4 - C5 >2250 Unsuitable 

SAR 

S1 <10 Excellent 

S2 10 - 18 Good 

S3 19 - 26 Doubtful/Fairly 

S4 - S5 >26 Unsuitable 

 

( 2 2Ca Mg+ ++ ) from the carbonates ( 2

3 3CO HCO− −+ ). When the sum of carbo-

nates is in excess of calcium and magnesium, there may be a possibility of com-

plete precipitation of Ca2+ and Mg2+ [50]. If the carbonates are less than alkaline 

earths, it indicates that the residual sodium carbonate is zero. A high value of 

RSC in water leads to an increase in the adsorption of sodium in soil [51]. On 

the basis of RSC values, water can be classified as safe (<1.25), marginally suita-

ble (1.25 - 2.5), and unsuitable (>2.5). In this paper, the results indicate that 

most of the water is suitable for irrigation uses in the study area.  

3.3.5. Permeability Index 

Soil permeability is affected by long-term use of irrigation water with high salt 

content. Permeability is influenced by sodium, calcium, magnesium, chloride, 

and bicarbonate contents of the soil. Doneen has classified irrigation waters 

based on the PI, which indicates the suitability of groundwater for irrigation use. 

The groundwater may be classified into classes 1 (Excellent), 2 (Good), and 3 

(Unsuitable) based on the permeability indices. Classes 1 and 2 are suitable for 

irrigation, with 75% or more maximum permeability, and class 3 is unsuitable, 

with 25% maximum permeability. Based on the above classification, 40.6% of the 

samples fall in class 1 (Excellent), 59% of samples fall in class 2 (Good) and 0.8% 

samples fall in unsuitable for irrigation usage.  
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3.3.6. Magnesium Hazard 

Szabolcs and Darab [52] had proposed a magnesium hazard for assessing the 

suitability of water quality for irrigation. Normally, a high level of Mg2+ is caused 

by exchangeable Na in irrigated soils. An increased proportion of Mg2+ relative 

to Ca2+ increases sodication in soils which causes the dispersion of clay particles 

thus damages soil structure and decreases the relative hydraulic conductivity of 

soils as Mg2+ behaves like Na+ [53]. A magnesium ratio of more than 50 is con-

sidered to be harmful and unsuitable for irrigation use. This would adversely af-

fect the crop yield, as soils become more alkaline. Based on the above classifica-

tion, 94.4% of the samples fall in “Acceptible”, 5.6% of samples fall in 

“Non-Acceptible” for irrigation usage.  

3.3.7. Kelly’s Ratio  

Sodium measured against Ca2+ and Mg2+ was considered by Kelly and Paliwal 

[54] to calculate this parameter. Kelly’s ratio (>1) indicates an excess level of so-

dium in water which is unsuitable and <1 is suitable for irrigation uses. Based on 

the Kelly’s ratio, majority of samples (93.2% in “permissible” and 6.8% in 

“Non-permissible”) are suitable for irrigation purpose.  

3.3.8. Soluble Sodium Percentage (SSP) 

This is an important factor for studying sodium hazards. Sodium has the poten-

tial of reacting with soil thereby reducing its permeability and supports little or 

no plant growth. Based on SSP values, 27.3% of samples belongs to “Excellent” 

class, 59.7% of samples belongs to “Good”, 13.0% samples belongs to “Fair”, 

0.8% samples belongs to “Poor”.  

3.3.9. Potential Salinity (PS) 

Doneen explained that the suitability of water for irrigation is not dependent on 

soluble salts. Because, the low solubility salts precipitate in the soil and accumu-

late with each successive irrigation, the concentration of highly soluble salts in-

crease of the soil salinity. The potential salinity of groundwater samples were 

classified such as following 3 classes; “Excellent to Good (<5)”, “Good to Inju-

rious (5 - 10)”, “Injurious to Unsatisfactory (>10)”. Based on the above classifi-

cation, 98.5% of the samples fall in “Excellent to Good”, 1.2% of samples fall in 

“Good to Injurious” and 0.3% samples fall in “Injurious to Unsatisfactory”.  

3.4. Suitability for Industrial Purpose 

3.4.1. Langelier Saturation Index (LSI) 

The Langelier saturation index (LSI) is used to determine the need for calcium 

carbonate precipitation scale control in water sources containing a TDS con-

centration of less than 10,000 mg/l (ASTM 1998) [55]. It is the difference be-

tween the water’s measured pH (pHw) and the calculated pH when that water 

is in equilibrium with calcium carbonate (pHs). Scaling and corrosion are 

common process problems found in domestic and industrial applications 

where water or wastewaters are in contact with other materials. The scaling of 

metallic surfaces by calcium carbonate is related to the type of rocks in contact 
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with groundwater. LSI is probably the most widely used indicator of cooling 

water scale potential. Positive LSI values suggest that water is supersaturated 

with respect to calcium carbonate and scale formation may occur; negative 

values suggest that water is unsaturated which has a tendency to remove exist-

ing calcium carbonate protective coatings in pipelines and equipment; neutral 

value indicate that solution is at equilibrium provides an indication of the de-

gree of saturation of water with respect to calcium carbonate and it is neither 

scale forming nor scale removing [56]. One of the major problems of high cal-

cium waters is the formation of scales in industrial boilers. The calculated re-

sults show all most all water samples have negative LSI values indicate that the 

solution is under-saturated with calcium carbonate (i.e. CaCO3 dissolves) dur-

ing both the seasons, except one location where CaCO3 depositing in post- 

monsoon season (Table 9, Figure 3(a)). The positive LSI values indicate en-

crustation tendency due to CaCO3 precipitation and hence need for moderate 

treatment of the water to prevent scaling. The increased levels of scaling can be 

harmful and can cause corrosion of water pipes and release of toxic metals to 

the water system. 

3.4.2. Corrosive Ratio (CR) 

It defines the susceptibility of groundwater to corrosion and is expressed as ratio 

of alkaline earths to saline salts in groundwater. The effect of corrosion is loss in 

the hydraulic capacity of pipes (Table 9). Groundwater which has CR values 

greater than 1, noncorrosive pipes (polyvinylchloride) should be used for water 

supply instead of metal pipes (Figure 3(b)). In the applications of two factors of 

Langelier Saturation Index (LSI) and Corrosive ratio (CR), we could get similar 

results for defining the suitabilities of groundwater for the industrial purpose. 

4. Classifications of Groundwater  

4.1. Piper Diagrams 

The Piper diagram is a representative method for classifying groundwater by 

producing a diagram of the distribution of cations and anions in groundwater. 

 

  
(a)                                     (b) 

Figure 3. Calcium carbonate precipitation potential for the groundwater (LSI, CR). (a) 

Langelier Saturation Index (LSI) diagram; (b) Corrosive ratio diagram. 
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Table 9. LSI, CR values of groundwater samples (n = 483). 

Items 

Usage 

Langelier Saturation Index Corrosivity Index 

Safe Unsafe Safe zone Unsafe zone 

Jun. 

(n = 206) 

Agricultural 32 3 31 4 

Living 87 1 68 20 

Drinking 81 2 70 13 

Sum. 200 6 169 37 

(%) 97.1 2.9 82.0 18.0 

Jul. 

(n = 33) 

Agricultural 10 0 10 0 

Living 13 1 12 2 

Drinking 9 0 7 2 

Sum. 32 1 29 4 

(%) 97.0 3.0 87.9 12.1 

Sep. 

(n = 194) 

Agricultural 32 2 32 2 

Living 91 0 80 11 

Drinking 66 0 62 4 

Industrial 3 0 2 1 

Sum. 189 2 176 18 

(%) 97.4 2.6 90.7 9.7 

Oct. 

(n = 33) 

Agricultural 3 0 3 0 

Living 14 0 10 4 

Drinking 15 1 15 1 

Sum. 32 1 28 5 

(%) 97.0 3.0 84.9 15.1 

Nov. 

(n = 17) 

Agricultural 1 0 1 0 

Living 8 1 7 2 

Drinking 5 2 6 1 

Sum. 14 3 14 3 

(%) 82.4 17.6 82.4 17.6 

Usage 

(n = 483) 

Agricultural 78 5 77 6 

Living 213 3 177 39 

Drinking 176 5 160 21 

Industrial 3 0 2 1 

Sum. 470 13 416 67 

(%) 97.3 2.7 86.1 13.9 

 

The samples obtained for this study were classified for their usage (drinking, 

living, agricultural, industrial) and period of sampling (pre-monsoon (June), 

post-monsoon (July-November) to produce the Piper diagram. The  

( )2

3Ca - Cl -NO+ − −  type and 2

3Ca -HCO+ −  type were the dominant form for the 

groundwater classified for each usage type and period (Figure 4 and Figure 5). 

4.2. Ion Chemistry and Chemical Process 

As we know, major ions constitute a significant part of the total dissolved solids 

in groundwater and the concentrations of these ions in groundwater depend on 

the hydrogeochemical processes that take place in the aquifer system. These 

processes occur when the groundwater moves toward equilibrium in major ion 

concentration. Therefore, the studies of concentrations of various major ions 
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present in groundwater have been used for the identification of geochemical 

processes. In this study, we focused on the comparative study to give weight on 

the two or three kinds of major ion groups such as followings; calcium and 

magnesium, sodium and potassium, Chloride and sulfate. Because the combina-

tion of two or three ions are very important for looking into weathering type of 

solutes (calcite, gypsum, dolomite), dominance type of ions in solution, influ-

ence type for mutual interaction between one ion and the other ion.  

4.2.1. Weathering Processes 

Calcium is the dominant ion found in the groundwater of all samples. Generally, 

the abundance of Ca2+, Na+, and Mg2+ is associated with minerals such as mont-

morillonite, illite, and chlorite [57]. Calcium ion present in the groundwater 

samples might have come from dissolution of precipitates of CaCO3 and 

CaMg(CO3)2 during recharge. Datta and Tyagi [58] explained that in the  

( 2 2Ca Mg+ ++ ) vs. ( 2

3 4HCO SO− −+ ) scatter diagram, the ionic concentrations  

 

    

    

Figure 4. Piper diagram of groundwater for using purpose. 
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Figure 5. Piper diagram of groundwater for seasonal variation. 

 

falling above the equiline result from carbonate weathering, whereas those fall-

ing along the equiline are caused by both carbonate weathering and silicate 

weathering (Equation (3)). Such a ( 2 2Ca Mg+ ++ ) vs. ( 2

3 4HCO SO− −+ ) scatter di-

agram (Figure 6) of samples shows that one half of sample lies above the equi-

line and one half of lies down the equiline which indicate that carbonate wea-

thering and silicate weathering are the main physical action for making the 

source for calcium ion in the groundwater. In this reactions, carbonic acid (from 

dissolution process of CO2 in soil and groundwater) and calcium carbonate in soil 

react to form bicarbonate and calcium ion as given below (Equations (5) through 

(9), after Elango Lakeshmana, 2016) [59]: 

( )2 2 2 3CO H O H CO formation of carbonic acid+ ⇒            (5) 

( )2

3 2 3 3CaCO H CO Ca 2HCO calcite dissolution+ −+ ⇒ +          (6) 

( )
( ) ( )

3 8 2 3 2
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Figure 6. ( 2 2Ca Mg+ ++ ) vs. ( 2

3 4
HCO SO− −+ ) scatter 

diagram showing carbonate dissolution and silicate 

weathering. 

 

( ) ( )
( )

3 2 32

2 2

3

CaMg CO dolomite 2H CO

Ca Mg 4HCO magnesium calcite dissolution+ + −

+

⇒ + +
      (8) 

( )2 2

2 4 2 4 2H O CaSO 2H O Ca SO 3H O gypsum dissolution+ −+ ⋅ ⇒ + +   (9) 

( )( )CAI Cl Na K Cl− + + −= − +                 (10) 

Carbonate weathering by carbonic acid water saturated with CO2 is an inten-

sive process. This water can easily dissolve the carbonate minerals available in its 

flow path. This process has increased the soluble ion content like chloride, so-

dium, potassium, magnesium, and bicarbonate ion in the groundwater. The 

Chloro Alkaline Indices (CAI) may be positive or negative depending upon the 

exchange of sodium and potassium from rock with magnesium and calcium in 

water and vice versa (Figure 7). All samples of this study showed that two me-

chanisms of ion exchange are coexisted in groundwater such as; direct exchange 

and reverse exchange.  

4.2.2 Source-Rock Deduction 

Source-Rock deduction is to gain insight into the possible origin of water analysis. 

It is useful both as an analytical check and as an investigative procedure if the 

origin of groundwater is not known. It is derived from a simplistic mass balance 

approach to water quality data [60]. During the rock weathering the composi-

tion of various cation and anion might be changed, and the amount of cations is 

dependent on the rock mineralogy. In many cases the source rock minerals may 

be deduced from the groundwater composition, so the source rock deduction is 

very important to explain the groundwater quality. The dissolution of Mg2+ and 

Ca2+ in groundwater is a major key for the understanding of source rock for the 

dolomite under moderate TDS conditions. If, however, the Mg2+ to Ca2+ ratio 

approaches one, it is very likely that Ca2+ has been removed from the solution 

and this process is commonly called dedolomitization. Hounslaw [61] suggest 

that if Mg2+is greater than (equal or less than) Ca2+, there are four possibilities 

such as: 1) Gypsum dissolution (=0.5); 2) Limestone-dolomite weathering 
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Figure 7. CAI scatter diagram showing that indicates two 

ion exchange mechanisms. 

 

(<0.5); 3) Dolomite dissolution, calcite precipitation. In Figure 8, we can under-

stand that there are all possibilities as mentioned above during the weathering 

and dissolution processes. And also, by application of Hounslaw equation we 

can deduct gypsum type source rock following the categories: 1) Gypsum disso-

lution (=0.5); 2) Pyrite oxidation (<0.5 and pH < 5.5); 3) Ion exchange (<0.5 and 

pH = neutral); 4) Calcium source other than gypsum-carbonates or silicates 

(Figure 9). 

4.2.3. Gibbs Diagram and Chadha Diagram 

While the Piper diagram is a method for classifying groundwater based on the 

distribution of both cations and anions, and the Gibbs diagram is a method for 

estimating the origin of ions in groundwater by focusing on the correlation be-

tween the concentration of cations (Na+, Ca2+) and anions (Cl−, 3HCO− ), and 

TDS (Total Dissolved Solid). Figure 10 shows the Gibbs diagram based on TDS 

and the concentration of cations and anions; it shows that most of the cations 

and anions in groundwater have a rock-dominance origin. This characteristic 

indicates the dissolution of ions in groundwater through the interaction between 

groundwater and rock or soil is more dominant than precipitation or any other 

sources. Unlike Gibbs, Chadha [45] proposed a modified diagram and classified 

the origin of ions into 8 groups. In Chadha diagram, the square or rectangular 

field describes the overall ion distribution and character of groundwater for de-

monstrating geochemical classification and hydrochemical processes of 

groundwater. In order to define the primary character of groundwater, the rec-

tangular field is divided into eight sub-fields, each of which represents a water 

types in Figure 11. The tracing study of ion based on the Chadha diagram 

(Figure 12) indicated that there is an interaction between the alkaline earths and 

alkali metals that originate from soil or rock interactions with weak acidic anions 

and strong acidic anions in groundwater. In Gibbs and Chadah diagram, it is 

concluded that dominance types of groundwater in wide range could be con-

cluded in Gibbs diagram (hydrochemical) and dominance types of component 

in the specific range would be defined in Chadah diagram (geochemical), so the 
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Figure 8. ( )2 2 2Mg Ca Mg+ + ++  diagram for dolomite 

weathering type. 

 

 

Figure 9. ( )2 2 2

4
Ca Ca SO+ + −+  diagram for the gypsum 

weathering type. 

 

    
(a)                                                (b) 

Figure 10. Chadha diagram of groundwater by using anions and cations. (a) Gibbs diagram by anions; (b) 

Gibbs diagram by cations. 
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Field Notations 

1 Alkaline earths exceed alkali metals 

2 Alkali metals exceed alkaline earths 

3 weak acidic anions exceed strong acidic anions 

4 Strong acidic anions exceed weak strong acidic anions 

5 
Alkaline earths and weak acidic anions exceed both  

alkali metals and strong anions, respectively 

6 
Alkaline earths exceed alkali metals and strong  

acidic anions exceed weak acidic anions 

7 
Alkali metals exceed alkaline earths and strong  

acidic anions exceed weak acidic anions 

8 
Alkali metals exceed alkaline earths and weak  

acidic anions exceed strong acidic anions 

Chadha diagram(Field classifications) Chadha diagram(Field notations) 

Figure 11. Geochemical classification and hydrochemical parameters of groundwater (after Chadha, 1999, Raju 2012). 

 

  
(a)                                                              (b) 

Figure 12. Geochemical classification and hydrochemical parameters of groundwater. (a) Chadha diagram(pre-monsoon); (b) 

Chadha diagram(post-monsoon). 

 

combination of two diagrams would be convenient to illustrate the general types 

of groundwater in laboratory scales. 

5. Conclusion 

This study compared the geochemical characteristics of groundwater from sam-

ples obtained in rural areas of Korea. The SAR (Sodium Adsorption Ratio), So-

dium (%), RSC (Residual Sodium Carbonate), PI (Permeability Index), SSP (Re-

sidual sodium Percentage), MH (Magnesium Hazard), PS (Potential Salinity) 

and Kelly’s Ratio were evaluated using the concentration distribution of ions. 

According to the results, 100% was classified as excellent after applying SAR; 

approximately 98% was classified as excellent/good/permissible after applying 

Na (%); 95.0% was classified as good/safe after applying RSC; 99.6% was classi-

fied as excellent/good after applying PI; 99.2% was classified as excellent/good 

after applying SSP; 94.4% was classified as acceptable after applying MH; 98.5% 

was classified as excellent to good after applying PS; and 93.2% was classified as 

permissible after applying Kelly’s ratio. Most groundwater samples were classi-

fied as “excellent to good” or “good to permissible” using the Wilcox diagram. 
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The evaluation using the U.S. salinity Laboratory’s Diagram also showed that 

most groundwater samples are C1S1 (Excellent/Excellent) or C2S1 (Good/Ex- 

cellent). And, in the applications of two factors of Langelier Saturation Index 

(LSI) and Corrosive ratio (CR) we could get similar results for defining the sui-

tabilities of goroundwater for the industrial purpose. In the Piper diagrams, the 

( )2

3

+ − −Ca Cl NO- -  type and 2

3

+ −Ca HCO-  type were the dominant types for the 

groundwater classified for each usage type and period. And, in the Chloro Alka-

line Indices (CAI) we can conclude that the exchange of sodium and potassium 

from rock with magnesium and calcium in water and vice versa would be one of 

the chemical processes during the flow path in the aquifers. And in source-rock 

deduction and the comparison of Gibbs and Chadah diagram, the chemical 

components in the groundwater are induced from the water-rock deduction 

such as followings: dolomite type weathering, gypsum type weathering, alkaline 

and alkaline type weathering. 
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