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The aim of this study is to assess the groundwater quality of Rangampeta area for irrigation

and domestic purposes. The groundwater samples were analyzed for distribution of
chemical elements Ca, Mg, Na, K, Si, HCO,, CO,, Cl and SO,. It also includes pH,

electrical conductivity, total hardness, non carbonate hardness and total alkalinity.

The parameters like sodium absorption ratio, adjusted sodium absorption ratio, sodium

percentage, potential salinity, permeability index and residual sodium carbonate were
calculated. The dominant hydrochemical facies of groundwater are Ca-Mg-Cl and Na-

Cl Water Types. The Gibbs’s diagram plots suggest that the chemical weathering of rock
Jorming minerals is the major driving force controlling water chemistry in this area. The
positive chloro-alkaline indices revealed that the groundwater has suffered ion exchange
between Na and K of water with Ca and Mg of soil during its flow.

Keywords: groundwater quality, physico chemical parameters, rangampeta, south India.
Introduction

Groundwater is an important natural resource especially for drinking
and irrigation uses. Water quality assessment is essential for human health
and the definition of water quality depends on the desired use of water
[1]. The variations of water quality are essentially the combination of both
anthropogenic and natural contributions [2]. Natural variations in groundwater
hydrochemistry should be considered when assessing water quality data from
groundwater monitoring programmers, as elevated concentrations for certain
parameters might be influenced by the aquifer lithology [3]. The groundwater
chemistry is subject to continuous modifications in any given hydrogeological
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environment. Groundwater chemistry is largely a function of the mineral
composition of the aquifer through which it flows. As the groundwater moves
along its path from recharge to discharge areas, a variety of hydrogeochemical
processes altered its chemical composition. The hydrogeochemical processes
and hydrogeochemistry of the groundwater vary spatially and temporally,
depending on the geology and chemical characteristics of the aquifer.

Groundwater contains minerals carried in solution, the type and
concentration of which depends upon several factors like soluble products of
rock weathering and decomposition in addition to external polluting agencies
and changes in space and time. Geogenic sources are one of the causes for the
variation in chemical composition of groundwater which changes with space
and time [4, 5]. Hence, it is important to study and understand the different
hydrogeochemical characteristics of water quality parameters. The appraisal of
water chemistry attains significance, more so for a contaminated aquifer, so as to
facilitate understanding the process of pollution and ability of the groundwater to
assimilate extraneous elements [6].

Hence, the present study is undertaken to study the groundwater quality
assessment around Rangampeta area. This area is located on north latitude
from 13° 36' 05" to 13° 37' 10" N and east longitude from 79° 15' 00" to 79° 17'
60" E in Chandragiri mandal, Chittoor district, in Andhra Pradesh. This area
is included in the survey of India toposheet No. 57 O/6.

Experimental

Groundwater samples were collected from 30 locations from Rangampeta
area. The collected water samples were transferred into precleaned polythene
container for analysis of chemical characters. To know the suitability of waters
for irrigation, chemical parameters like pH, electrical conductivity (EC), Ca,
Mg, Na, K, Si, CI, HCO,, CO,, SO,, and various chemical index such as total
dissolved solids (TDS), total hardness (TH), non carbonate hardness (NCH),
total alkalinity (TA), sodium absorption ratio (SAR), adjusted SAR (adj.SAR),
sodium percentage (SP), residual sodium carbonate (RSC), and permeability
index (PI) were analyzed by adopting the standard procedures of water analysis.
The availability of data on field parameters such as EC, pH were measured. The
major cations and anions were determined adopting the analytical techniques,
which are based on the methods proposed by APHA [7]. The diagrams viz.,
Chadha’s, Wilcox and Gibbs were constructed to study the genesis and water
quality of the study area.
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Results and discussion

Groundwater chemistry. The major ion chemistry of groundwater from
studied area was statistically analyzed and the results summarized by minimum,
maximum, mean in a Table. Various methods and graphs were used to study

and interpret the water analyses data Fig. 1 to 3.

Minimum, maximum, average and standard deviation values of different
constituents of water samples of Rangampeta area

Constituents Min Max Average | St.dev.
Ca, mg/L 7,0 52,0 25,8 14,0
Mg, mg/L 7,0 60,0 29,4 14,6
Na, mg/L 8,0 138,0 66,4 374
K, mg/L 2,0 168,0 28,1 48,6
HCO,, mg/L 10,0 327,0 113,0 67,0
CO,, mg/L 2,0 72,0 19,4 16,0
SO, , mg/L 10,0 61,0 31,2 14,1
Cl, mg/L 39,0 306,0 148,1 69,3
Si, mg/L 3,0 11,0 7,2 2,1
pH 7,9 8,6 8,3 0,2
Specific conductance, uS/m 23000 119000 68300 243
Total dissolved solids, mg/L 150 774 444 158
Hardness as CaCO,, mg/L 71 291 171 57
Non-carbonate hardnessas CaCO, ,mg/L| 54 179 61 73
Alkalinity as CaCO,, mg/L 44 232 125 49
Sodium adsorption ratio 0,3 4,9 2,2 1,3
Adjusted SAR 0,4 8,2 3,8 2,2
Sodium percentage, % 16,8 68,9 46,9 16,0
Potential salinity, meqL"! 1,3 8,9 4,5 2,0
Residual sodium carbonate, meqL™! -3,5 1,1 —1,2 1,5
Permeability index (PI), % 41,0 92,3 63,5 13,0
Kelly’s ratio 0,2 2,2 0,9 0,6
Magnesium ratio, % 19,4 87,9 64,1 18,5
Gibb’s ratio | 0,38 0,98 0,68 0,15
Gibb’s ratio 11 0,31 0,93 0,70 0,18
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Fig. 1. Chadha's diagram (modified Piper diagram).
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Fig. 2. Mechanism controlling the chemistry of groundwater (after Gibbs 1970):
a — dominant anionis Cl- and HCO, -, b — dominant cationis Na*, K" and Ca’".
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Fig. 3. The quality of water in relation toelectrical conductivity and perctnt sodium
(Wilcox diagram).

Hydrogeochemical facies. In the present study, the groundwater of
the study area has been classified as per Chadha’s diagram [8] in order
to identify the hydrochemical processes. The proposed diagram is a
modification of Piper diagram [9] with a view to extend its applicability
in representing water analysis. This can be also used to study various
hydro-chemical processes such as base cation exchange, actual ion
concentration, mixing of natural waters and sulphate reduction and other
related hydro-chemical problems. Results of analyses were plotted on the
proposed diagram to test its applicability for geochemical classification
of groundwater and to study hydrochemical processes (see Fig. 2, a, b).
It is evident from the results, that about 53% samples fall in Group 6
(Ca-Mg-Cl Water Type) and 37% samples fall in Group 7 (Na- CI Water
Type) and remaining 3 water samples (5,7 and 26) fall in Group Ca-Mg-
HCO, Water Type.
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Mechanisms controlling groundwater chemistry. Gibbs diagrams are widely
used to assess the functional sources of dissolved chemical constituents, such as
precipitation-dominance, rock-dominance and evaporation dominance [10]. In this
diagram the ratio of dominant anions and cations are plotted against the value of TDS.
These diagrams are widely employed to assess the functional sources of dissolved
chemical constituents, such as precipitation, rock, and evaporation dominance. In
the present study area, the dominant anions (Cl and HCO,) and cations (Na, K
and Ca) are plotted against their respective total dissolved solids (see Fig. 3). The
Gibbs plot suggest that most of the samples falls in weathering zone, which indicates
the groundwater interaction between rock chemistry. Gibbs diagrams suggest that
chemical weathering of the rock, which forms minerals. Gibbs ratio I values in the
present study varies from (.38 to 0.98 with an average value of 0,68 and Gibbs ratio I1
values varies from (.31 to 0.93 with an average value of 0,70.

Water quality evaluation for irrigation purpose. The most important
characteristics of irrigation water in determining its quality are: (i) Total
concentration of soluble salts; (ii) Relative proportion of sodium to other
principal cations; (iii) Concentration of boron or other element that may be
toxic, and (iv) under some condition, bicarbonate concentration as related to
the concentration of calcium plus magnesium. These have been termed as the
salinity hazard [11, 12], sodium hazard, boron hazard and bicarbonate hazard.
In the present study, the following observations were made for assessing the
suitability of the ground waters for irrigation purpose.

PH. The pH is a measure of the hydrogen ion concentration in water. The
pH value of water indicates whether the water is acidic or alkaline. In the study
area, the concentration of hydrogen ion (pH) ranged from 7,9 to 8,6, with a
mean value of 8,3. Most of the water samples (87%) have concentration within
the safe limit of standard set (6 — 8,5) for irrigation purpose [13].

Salinity hazard. 1t is well known that EC is a good measure of dissolved
solids in water. TDS generally reflects the amount of minerals content that
dissolved in the water, and this controls its suitability for use. High concentration
of total dissolved solid may cause deleterious effects on plant growth and soil
quality. Highly mineralized water may also deteriorate domestic plumbing
and appliances. In present investigation, the electrical conductivity of water
samples varies from 23000 to a maximum of 119000 uS/m with an average
value of 68300 uS/m. Also, the concentration value of TDS ranged from 150 to
774 mg/L with the mean value of 444 mg/L. As per Wilcox [12] EC grading
classification, in the present study about 63,3% of the water samples are classified
as good, 33,3% as permissible, and 3,3% as excellent waters category.
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Potential salinity (PS). Doneen [14] explained that the suitability of water
for irrigation is not dependent on soluble salts. Doneen [15] is of the opinion
that the low solubility salts precipitate in the soil and accumulate with each
successive irrigation, whereas the concentration of highly soluble salts increase
the soil salinity. Potential salinity is defined as the chloride concentration plus
half of the sulphate concentration as showed below:

1
PS = c1’+Esoj’

All ionic concentration is in megl™.

The potential salinity of the water samples ranged from 1,3 to 8,9 with
an average value of 4,5 meql. It suggests that the potential salinity in the
groundwater of the studied area nearly is high, thus, making the water salinity
hazard in soil of studied area. High values of potential salinity in the area can
be ascribed to high chloride and sodium content that may derived from the
human activities in the studied area.

Total hardness. The hardness is the measure of the capacity of water to react
with soap and hard water requiring considerably more soap to produce lather.
Hard water minerals primarily consist of calcium (Ca?*), and magnesium (Mg?*)
metal cations, and sometimes other dissolved compounds such as iron. Calcium
usually enters the water as either calcium carbonate (CaCQO,), in the form of
limestone and chalk, or calcium sulfate (CaSO,), in the form of other mineral
deposits. In the present study, the predominant source of calcium is from granitic
rocks. In the present study, hardness values are ranging from 71 to 291 with
an average value of 171 mg/L as CaCO,. Based on McGowan [16] water with
hardness below 75 mg/L as CaCQO,, is generally considered as soft, 75 — 150,
moderately hard, 150 — 300, hard and more than 300, very hard. Based on this
classification, 3% of the surveyed water samples fall on soft category, 40% fall on
moderately hard category and the rest of samples (57%) fall on hard category. In
general, water with hardness more than 200 mg/L as CaCO, will lead to scale
deposits in the piping system [17]. Thus, the result suggests that most of the water
samples (73%) can safe for plumbing of irrigation systems.

Total alkalinity. Alkalinity is a measure of the ability of a solution to neutralize
acids to the equivalence point of carbonate or bicarbonate. On the other word,
alkalinity is closely related to the acid neutralizing capacity of a solution. In the
natural environment carbonate alkalinity tends to make up most of the total
alkalinity due to the common occurrence and dissolution of carbonate rocks and
presence of carbon dioxide in the atmosphere. Alkalinity is important because
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it buffers pH changes that occur naturally during photosynthetic cycles, water
exchanges, etc. From the Table, it is clear that the alkalinity ranges from 44 to
232 with a mean value of 125 mg/L as CaCO, in the studied area.

Non-carbonate hardness (NCH). Hardness of water relates to the reaction
with soap, since Ca and Mg ions precipitate soap. Hardness is expressed as
mg/L of CaCO,. If the hardness as CaCO, exceeds the difference between
the alkalinity as CaCO, and hardness as CaCO,, it is termed as NCH. Non
carbonate hardness is also called permanent hardness. From the Table, it can
be delineated that the NCH values ranged from — 54 to 179 with an average
value of 61 mg/L as CaCO,.

Sodium hazard. Excess sodium in waters produces the undesirable effects
on soil structure and growth and development of plants. Hence, the assessment
of sodium concentration is necessary while considering the suitability for
irrigation. Plants are detrimentally affected; both excess absorption of sodium
and immobilize of nutrient ions particularly Ca**, Mg?* and K" by sodium
in soil. Sodium replacing adsorbed calcium and magnesium is a hazard as it
causes damage to the soil structure. Soils with an accumulation of exchangeable
sodium are often characterized by poor till and low permeability making them
unfavorable for plant growth [18 — 22]. In the past, the sodium hazard has been
expressed as percent sodium of total cations. A better measure of the sodium
hazard for irrigation is the SAR which is concentration of sodium relative to
the concentrations of calcium and magnesium in water. It is directly related to
the amount of sodium that is absorbed by soils. On the other word, the degree
to which the irrigation water tends to enter into cation exchange reaction in soil
can be indicated by the SAR [23]. Since sodium replaces adsorbed calcium and
magnesium in soil, hence it is expressed as:

Na*

\/(C32+ +Mg2+).

2

SAR =

All ionic concentration is in meql™.

The SAR values of the groundwater samples in the studied area varied from
0,3 to 4,9 with an average value of 2,2 (see Table). As per classification of Wilcox
[12], water with SAR < 10 is considered as an excellent quality, between 10 to 18
is good; between 18 to 26 is fair and greater than 26 is said to be unsuitable for
irrigation purpose in its natural form. As evident from Table. The SAR values
of all the water samples of the study area to be less than 10, and are classified as
excellent for irrigation.
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From the Table, it is observed that the sodium percentage values of the
studied area samples vary from 16,78 to 68,95% with an average value of
46,88%. Sodium percentage is plotted against conductivity, which is designated
as Wilcox diagram and is illustrated in Fig. 3. The classification of groundwater
was grouped based sodium in the water is increased in the form of sodium
on sodium percentage as excellent (<20%), good (20 — 40%), permissible
(40 — 60%), doubtful (60 — 80%) and unsuitable (>80%) [24]. In this study,
water samples fall into the categories of "excellent to good" (60%), "good to
permissible” (27%) and "permissible to doubtful” (13%).

Carbonate and bicarbonates hazard. The relative abundance of sodium with
respect to alkaline earths and the quantity of bicarbonate and carbonate in
excess of alkaline earths also influence irrigation water quality. This excess
is denoted by RSC and determined as suggested by Richards [25]. Because
in waters having high concentration of bicarbonate and carbonate, there is
tendency for calcium and magnesium to precipitate as calcite and magnesite,
which increases sodium hazard and its related problems such as reducing soil
permeability, soil aeration, high pH, inhibit root penetration, etc. [20, 21, 26].

According to the U.S. Salinity Laboratory [23], a RSC value less than
1,25 meql'! is safe for irrigation; a value between 1,25 and 2,5 meql™! is marginal
quality and a value greater than 2,5 meqgl™ is unsuitable for irrigation. From
the Table, it can be interpreted that the groundwater in the studied area shows
RSC values of —3,5 to 1,1 with a mean value of —1,2 meql'. Based on RSC
values, over 30 samples have values less than 1,25, which elucidates that all the
groundwater in the studied area are safe for irrigation.

Doneen [27], Ayersand Wescot [13] have also determined the hazardous effect
of excessive amount of bicarbonate and carbonate on water quality for irrigation
usage in terms of permeability index (PI) and adjusted sodium adsorption ratio
(adj.SAR), respectively. Permeability index and adj.SAR are computed as:

Na“+4/HCO,”
Pl - = 100; (1)

- (Ca>+Mg* +Na")

adj.SAR =SAR[1+(8,4-pH,): )
pH, = (pK,-pK )+ p(Ca+ Mg) + p(Alk),

where pk, — negative logarithm of the second dissociation constant for
carbonic acid, pK_ — solubility constant for calcite, p — negative logarithm of
ion concentration. All ionic concentration is in meql™!
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Waters can be classified as Class I, Class I1 and Class 111 orders with regard
to PI. Class I and Class II waters are categorized as good for irrigation with
75% or more of maximum permeability. Class 111 waters are unsuitable with
25% of maximum permeability [27]. From the Table, it can be demarcated
that the PI values vary from 40,1 to 92,3 with an average of 63,5. Eighty-three
percent of water samples fall into the Class I Category of Doneen’s chart and
are categorized as good for irrigation.

Concerning adj.SAR the water samples ranged from 0,4 to 8,2 with a mean
value of 3,8 (see Table). Based on Ayers and Tanji [28] classification, 46,6% of
samples have adj.SAR values less than 3 and are safe for irrigation and remained
samples (53,4%) of samples have adj.SAR values between 3 and 9 are increasing
problem for irrigation due to sodium hazard.

In general, the obtained results from the calculation of RSC, PI and ad;.
SAR suggest that nearly the water samples are suitable for irrigation with regard
to carbonate and bicarbonates hazard.

Chloro-alkaline indices. The ion exchange between the groundwater and
its host environment during residence or travel is well understood by studying
the chloro-alkaline indices. The ion exchange of Na and K from water with
Ca and Mg, the indices is positive while if the exchange is reverse then the
indices are negative [29]. The statistics of chloro-alkaline indices 1, 2 of the
study indicates 73% of the groundwater samples have positive and 27% negative
values. It simply implies that the groundwater of Rangampeta area has suffered
ion exchange between alkali and alkaline earth metals.

Conclusion

Interpretation of analytical data showed that the abundance of the major
ions is as follows: Na > Mg ~ K > Ca > Si and Cl > HCO, > SO, > CO,.
The groundwater quality variations are mainly related to groundwater-rock
interaction. The chemical composition of groundwater of the study area is strongly
influenced by rock water interaction, dissolution and deposition of silicates
group of minerals present in granites. The Gibbs diagrams support these analysis
results and suggest that chemical weathering of the rock forming minerals are
the main controlling mechanisms of groundwater quality. Chemical dissolution
of bed rock/minerals plays an important role in determining the geochemistry of
natural waters. The major source of dissolved species to natural water is the rocks
forming in contact with water, water rock interactions starts and moves forward
towards equilibrium by dissolving or leaching bedrock minerals in to the solution.
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The results obtained from Chadhas diagram that about 53% samples fall in
Group 6 (Ca-Mg-Cl Water Type) and 37% samples fall in Group 7 (Na- Cl-
Water Type). Most of the samples fall under Class I in PI calculation, revealing
that most of the stations are suitable for irrigation. The Wilcox classification
shows that majority of samples from most of the stations fall under "excellent
to good" and "good to permissible limits". The study reveals that most of the
stations require special type of irrigation methods to control the high salinity
that will improve the yield of crop production. But, the water can be used safely
for irrigation with special circumstances for salinity control such as leaching
requirement or cropping of salt tolerant plants.

References

[1]  Jain C.K., Bandyopadhyay A., Bhadra A.// Environ. Mon. Asses. — 2009. —
166. — P. 663 — 676.

[2]  ChenJ, Wang Y, Zhang H. // Progress in Geogr. — 2006. — 25, N1. — P. 34 — 44,

[3] Kumar K., Rammohan S.V., Dajkumar Sahayam J., Jeevanandam M. //Environ.
Mon. Assess. — 2009. — 159. — P. 341 — 351.

[4]  Vikas C., Kushwaha R.K., Pandit M.K. // J. Geol. Soc. India. — 2009. — 73. —
P. 773 — 784.

[5]  Brindha K., Rajesh R., Murugan R., Elango L. // Environ. Mon. Asses. — 2011. —
172. — P. 481 — 492.

[6]  Reddy A.G.S., Saibaba B., Sudarshan G. // 1bid. — 2012. — 184. — P. 3557 — 3576.

[7]  Andrew D.E. Standard methods for examination of water ahd wasterwater. —
Washington: Amer. Public Health Assoc., 2005. — 14 p.

[8]  Chadha D.K. // Hydrogeol. J. — 1999. — 7. — P. 431 — 439.

[9]  Piper AM. A graphic procedure I the geo-chemical interpretation of water
analisis / USGS Ground water Note, 1953. — 12 p.

[10] Gibbs R.J.// Science. — 1970. — 170. — P. 1088 — 1090.

[11]  Wilcox L.V. The Quality of Water for Irrigation Use. — Washington: US
Department of Agriculture, 1948. — 40 p.

[12] Wilcox L.V. Classification and use of irrigation waters. — Washington: US
Department of Agriculture, 1955. — 19 p.

[13] Ayers R.S., Westcot D.W. // FAO irrig. Drain. paper. — 1985. — 29, N1. —
P. 1 - 144.

[14] Doneen L.D. // Amer. Geophys. Union Tran. — 1954. — 35, N3. —
P. 943 — 950.

ISSN 0204—3556. Xumus u mexronoeus 600bi, 2016, m.38, N6 655



[15]

[16]

[17]
[18]

[19]
[20]

[21]
[22]
[23]
[24]
[25]
[26]
[27]

28]

[29]

656

Doneen L.D. // Biennial Conf. on Groundwater Recharge. — 1962. —
P. 156 — 163.

McGowan W. Water Processing: Residential, Commercial, Light Industrial. —
[3ed.]. — Ligle: Water Quality Assoc., 2000. — 309 p.

Vander Aa. N.G.F.M. //Environ. Geol. — 2003. — 44, N5. — P. 554 — 563.
Australian guidelines for water quality monitoring and reporting. National
Water Quality Management Strategy Paper N7, Australia and New Zealand
Enviroment and Conservation Council & Agricuiuture and Resourse
Managment Council of Australia and New Zealand Canberra, 2000. — 251 p.
Kelly W.P. Alkali soils. — New York: Reinhold Publ Cooper, 1951. — 176 p.
Domenico P. A., Schwartz FW. Physical and Chemical Hydrogeology. — New
York: John Wiley and Sons., 1990. — 824 p.

Todd D.K., Mays L.W. Groundwater Hydrology. — [3™ ed]. — New York: Hoboken
Wiley, 2005. — 656 p.

Sharifi Z., Safari Sinegani A.A. // Amer.-Eur. J. Agri. Environ. Sci. — 2012. —
12, N4. — P. 548 — 555.

Richards L.A. Diagnosis and Improvement of Saline and Alkali Soils. —
Washington: US Department of Agriculture, 1954. — 160 p.

Sadashivaiah C., Ramakrishnaiah C.R., Ranganna G. // Int. J. Environ. Res.
Publ. Health. —2008. — 5, N3. — P. 158 — 164.

Richards L.A. // USDA Hand book, 1954. — Vol. 60. — 160 p.

Bohn H.L., Mcneal B.L., Oconnor G.A. Wiley Interscience. — New York, 1985. — 341 p.
Doneen L.D. // Notes on Vater Quality in Agriculture. — Davis: Deptartment of
Water Sci. and Eng., 1964. — 38. — P. 193 — 198.

Ayers R.S., Tanji K.K. //Proc. Spec. Conf. Water Forum. (San Francisko, CA,
10 — 14 August, 1981). — San Francisko, 1981. — 81, N1. — P. 578 — 586.
Aghazadeh N., Mogaddam A.A. // J. Environ. Prote. — 2010. — 1. — P. 30 — 40.

Received 13.02.2014

ISSN 0204—3556. Xumus u mexronoeus 600vl, 2016, m.38, No6



