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ABSTRACT

The quality assessment is made through the estimafiC&*, Mg, Na', K*, CO:*, HCO;y", CI, SQ%, EC, TDS,

TH and pH in the Kushaiguda area Ranga Reddy Rist\ndhra Pradesh, India. Based on these analyses,
parameters like sodium adsorption ratio, sodiumcpetage, residual sodium carbonate and magnesiurarda
were calculated. Sodium adsorption ratio is sho®We6of groundwater is belongs to S3C1, indicatinghhéalinity

and low alkali water and based on the Na% with 3@.tor groundwater falls in good to permissible apigy.
Residual sodium carbonate values suggesting saf@aiginally suitable category for irrigation purpes. The
overall quality of water in the study area in Kughala area Ranga Reddy District, Andhra PradesHjigh for all
constituents ruling out pollution from extraneousice.
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INTRODUCTION

Groundwater forms one of the primary resources development activities. In recent times, there hasn
tremendous demand for fresh water due to populaiomwth and intensive agricultural activities. Gnodwater
quality is the physical and chemical characteroratvf groundwater, which measures its suitabildy iuman and
animal consumption, irrigation and other purposEise chemical comparison of the water that entershan
groundwater reservoir and reactions with the misepaesent in the rocks and soils that may modify water
composition [1]. So, groundwater is gaining more and more importanceniial owing to the ever increasing
demand for water supplies, especially in areas im#ldequate surface water supplies. Groundwatireiprimary
source of water for human consumption, as welloasa§riculture and industrial uses in many regiath®ver the
world. Groundwater quality is controlled by botrethatural and human activities [2]. Contaminatigndifferent
pollutants, mainly due to the intense agricultumatl urban development, has placed the whole emaeah at
greater risk [3]. The quality of groundwater iniaghural area is sensitive to the contaminatioriginated from the
agricultural chemical.

An understanding of the quality of water used foigation and its potential negative impacts onpcgoowth is
essential to avoid problems and to optimize pradaciThe geochemical investigation of groundwatkves us to
obtain important information on chemical weatheroigocks. The quality of groundwater is an impotteriterion
to decide the water for irrigation activities andrious parameters such as sodium percentage “(%obtadium
adsorption ratio (SAR), residual sodium carbonB8{) and magnesium hazard (MH) have been usedéssathe
suitability of water for irrigation purposes by seal researchers [4], [5], [6], [7] and [8].
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MATERIALSAND METHODS

Groundwater samples were collected from the boriswollowing the standard guidelines [9] and [18fd
analyzed for various chemical parameters as destrily the American Public Health Association. These
parameters include hydrogen ion concentration (p@ctrical conductivity (EC), total hardness (THdtal
dissolved solids (TDS) and important cations susleaicium (C&), magnesium (Mg), sodium (N&), potassium
(K*) as well as anions such as carbonates;{GMicarbonates (HC), chlorides (Cl) and sulphates (S0). The

pH and EC values were measured in the field usipgriable conductivity and pH meter. TDS were cotagdrom

EC multiplied by a factor (0.55-0.75), dependingrelative concentrations of ions. Nand K were determined by
flame photometer, S@ is analyzed by spectrophotometrically. TH as CaCO&", CO,>, HCO;™ and CI were
analyzed by volumetric method. Kigvas calculated from TH and €aontents.

RESULTSAND DISCUSSION
The analytical results, computed values and thesstal parameters like minimum, maximum, mean &nel
standard deviation values of water samples arengivélables 1, irrigation quality results of growater samples
of the study results is shown in Table 2 and clizsdion of groundwater on the basis of SAR, RSQy&@&and
magnesium hazard is shown in Table 3.

Table 1. Statistical summary of the chemical composition of groundwater

Chemical parameters Expressed| Minimum | Maximum | St. dev| Average
pH pH Units 6.48 7.18 0.21 6.81
EC uS/cm 1265 2881 485.86 2132.44

TDS mg/L 809 1843 289.3 1321.25
HCOs mg/L 244 561 89.54 399.63
CO” mg/L 12 66 14.36 45.38
Cr mg/L 128 845 183.33  337.34
SQ> mg/L 23 91 21.86 44.38
Na' mg/L 33 127 25.07 58.28
K* mg/L 3 16 3.74 7.63
ce* mg/L 16 712 150.34 205
Mg* mg/L 10 508 17230 1045
TH mg/L 10z 65(C 175.6¢ | 409.0¢

Table 2. Irrigational quality resultsof groundwater samples of the study area

S.No | SAR | RSC | Na% | MH EC

KW-1 | 099 | -457| 1955 2398 1730
KW-2 | 143 | -3.96| 2248 16.16 2530
KW-3 | 0.96 | -58.73| 8.10] 46.2f 1556
KW-4 | 1.09 | -5.97| 19.2§ 7.6) 2858
KW-5 | 058 | -33.79] 6.29] 87.18 1960
KW-6 | 0.75 | -46.16| 7.28] 77.44 1265
KW-7 | 1.25 0.17 | 2295 46.12 2380
KW-8 | 0.87 | -3.22| 16.47 1120 2120
KW-9 | 057 | -561| 11.3§ 20.8fy 2130
KW-10 | 057 | -5.62| 10.84 20.5p 2240
KW-11 | 0.70 | -6.59| 1233 1548 2525
KW-12 | 0.81 | -354| 14.7q 243D 1364
KW-13 | 1.10 0.40 | 25.84 31.19 2250
KW-14 | 119 | -2.78| 22.227 14.5p 2881
KW-15 | 0.86 | -0.60| 17.33 839 2470
KW-16 | 1.64 8.36 | 4594 60.71 1860

The hydrogen-ion-concentration (pH) samples vdnas 6.48 to 7.18 (Table 1) with an average of t8itating
their alkaline nature. In the study area the TDBivavaries between a minimum of 809 mg/l and a marn of
1,843 mg/l. Hence, high concentration of TDS in ¢gneundwater sample is due to leaching of saltsifsoil and
also domestic sewage may percolate into the groatedywhich may lead to increase in TDS values.[17]
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Table 3. Classification of groundwater on the basis of SAR, RSC and Magnesium hazard

Classification scheme Categori¢s Ranges Percaatnoples
Good <1.25 94
RSC Medium 1.25 - 2.5 0
Bad >2.5 6
Excellen 0-1C 10C
Good 10-18 0
SAR Fair 18-26 0
Poor >26 0
Magnesium Hazard Sunaple <50 81
Unsuitable >50 19

Suitability for irrigation uses

EC and sodium concentration are very importantlassifying irrigation water. The salts present lwe twater,
besides affecting the growth of the plants directlgo affect the soil structure, permeability astation, which
indirectly affect the plant growth. The total contration of soluble salts in irrigation water cdms be expressed
for the purpose of classification of irrigation watas low (EC = <250 puS/cm), medium (250-750 uS/dngh
(750-2,250 pS/cm) and very high (2,250— 5,000 ppaatinity classes [11]. While a high salt concatiom (high
EC) in water leads to formation of saline soil,ighhsodium concentration leads to development ddlkaline soil.
The sodium or alkali hazard in the use of water ifoigation is determined by the absolute and retat
concentration of cations and is expressed in tafs®dium adsorption ratio (SAR) and it can bensated by the
formula:

SAR = Nd/,/(Ca%* + Mg2+)/2 Eq. 1
Where the concentrations are reported in meq/L.

There is a significant relationship between SARugal of irrigation water and the extent to whichigodis
adsorbed by the soils. If water used for irrigati®high in sodium and low in calcium, the catiomclgange complex
may become saturated with sodium. This can de#tigoil structure owing to dispersion of the gbayticles. The
calculated value of SAR in the study area ranga® 0.57 to 1.64 (Table 2) in the groundwater. Tlo¢ @f data on
the US salinity diagram (Fig 1), in which the EQdken as salinity hazard and SAR as alkalinityahdzshows that
majority of the water samples fall in the categ®351, indicating high salinity and low alkali waterhich cannot
be used on soils with restricted drainage and reguwpecial management for salinity control. Thié maist be
permeable, drainage must be adequate, irrigatiderwaust be applied in excess to provide consideraaching
and salt-tolerant crops/plants should be seleabedsdich region. About 31% samples fall in the zoheC4S1
indicating very high salinity and low alkali wat@¥ig 1) and graphical representation for sodiunpgaton ratio is
shown in Fig 2.

Sodium percentage (Na %)

Na' is an important cation which in excess deteriarabe soil structure and reduces crop yield [83] Find [14].
When the concentration of Nas high in irrigation water, Natends to be absorbed by clay particles displacing
Mg?* and C4&" ions. This exchange process of Nia water for C&" and Md" in soil reduces the permeability and
eventually results in soil with poor internal dragre. The Na% is calculated using the formula ghelow:

Na% = N& + K'/C&" + Mg®* + N& + K*) X 100 Eq. 2
where the concentrations are reported in meg/L.
According to Wilcox classification [15], the watisr classified based on the Na% with respect toother cations

present in water. 37.5% for groundwater falls irodjdo permissible category and 62.5% groundwatks fa
doubtful to unsuitable category (Fig 3).
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Fig. 1. Rating of groundwater samplesin relation to salinity hazard and sodium hazard [12]
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Fig 2. Graphical representation for sodium adsor ption ratio
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Wilcox Diagram
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Fig.3. Rating of groundwater sampleson the basis of electrical conductivity and per cent sodium [15]

Residual sodium carbonate (RSC)

In addition to the SAR and Na%, the excess sumadbanate and bicarbonate in groundwater over the cu
calcium and magnesium also influences the unslitiabif groundwater for irrigation. This is termexb residual
sodium carbonate (RSC) [11]. The RSC is calculatdg the formula given below:

RSC = [(HCQ + CO?) - (C&"+ Mg®")] Eq. 3
Where the concentrations are reported in meg/L.

Irrigation water having RSC values greater than égtin have been considered harmful to the growtiplahts,
while waters with RSC values above 2.5 meqg/l arsuitable for irrigation. A RSC value between 1.2 2.5
meqg/L is considered as the marginal quality andieat1.25 meq/L as the safe limit for irrigation.eTéalculated
RSC values in the groundwater samples of Kushaigwela are found various from -58.73 to 8.36 medg#db(e 2)
and the calculated values reveal that all the saggites are good for irrigation purpose except f€able 3).

Magnesium hazard (M H)

Generally, alkaline earths are in equilibrium statgroundwater. If soils have more alkaline earthsy reduce a
crop yield. Szaboles and Darab [16], have propasedagnesium hazard in relation to the alkalinehsafor

irrigation. This hazard is expressed in terms ofnesium hazard (MH), which is computed by (Eq.u$jng the
values of ions in megq/L.

MH = —M8" %100 Eq. 4

Ca2t+Mg2+

Where the concentrations are reported in meq/L.
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The computed values of magnesium hazard from tbengiwater of the study area are in betw7.61 and 87.18
(Table 2). If the water contains more than 50 ofynesium hazard, such water quality is considerdaetbarmfu
for irrigation, as the MH advergeaffects the crop growth. Aboul% (thirteeriocation, Fig 4) of the groundwater
samples of the study area are safe for irrigaéigrthe value of magnesium hazard in them less3@gifable ., Fig
4). The remaining groundwater sample9% (only three locations, Fig) 4how the value of MH exceeds 50 ¢
hence they are unsafe for irrigation purp
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Fig 4. Graphical representation for magnesium hazard
CONCLUSION

The plot of data on the US salinity diagram, in eththe EC is taken esalinity hazard and SAR as alkalin
hazard, shows that majority of the water sampl#srfahe category C3S1, indicating high salinitydalow alkali
water, which cannot be used on soils with resticteainage and requires special management fity control.
The soil must be permeable, drainage must be atlequagation water must be applied in excess tovige
considerable leaching and stidterant crops/plants should be selected for sedgion. About 31% samples fall
the zone of C4S1 indicating velnygh salinity and low alkali wate According to Wilcox classification, the water
classified based on the Na% with respect to therathtions present in water. 37.5% for groundwiztés in good
to permissible category and 62.5% growater falls in doubtful to unsuitable categoffne calculated RSC values
in the groundwater samples of Kushaiguda area@radf various fron-58.73 to 8.36 meL, suggesting safe to
marginally suitable category for irrigation and Aibd1% (thirteen loctions) of the total groundwater samples
the study area are safe for irrigation, as the evafi magnesium hazard in them less than 50. Theinémgy
groundwater samples 19% (only three locations) stimwalue of MH exceeds 50 and hence they arefe for
irrigation purpose.
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