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INTRODUCTION

ABSTRACT

The study areawas undertaken in the serial hillocks mining area of Bellary taluk located
in the Bellary district, Karnataka. The important geological formations in this area were
Archean granites (pink to grey), schists/phyllites and peninsular gneiss. The assessment
of water quality for its suitability for agricultural and domestic purposes was carried
out. The results of chemical analysis for the major ions of 40 water samples, collected
from the study area of Bellary taluk, have been evaluated. The quality analysis was
performed through the estimation of calcium, magnesium, sodium, potassium, iron,
zinc, manganese, carbonate, bicarbonate, sulphate, chloride, fluoride, nitrate, total
alkalinity, total dissolved solids, turbidity, pH, electrical conductance and total hardness.
Based on the analysis, certain parameters like sodium adsorption ratio, percent sodium
and magnesium ratio were calculated. The bicarbonates (68 to 630 mg/L) and total
alkalinity (241 to 429 mg/L) were medium and this may be due to the presence of
crystalline schists and granitic gneiss in the study area. Based on the Piper trilinear
diagram, itis confirmed that the dug wells were characterized by high amount of calcium
and magnesium in the mining areas. In the study area 70% of the water samples fall
under mainly C,S,, C,S, and C,S,,, which were suitable for irrigation of most crops as
per USSL. The remaining 30% samples falling in C,S,, C,S,, C,S, and C,S, were not
suitable for irrigation. From SAR classification, 75% of the water samples contained
carbonate hardness and only 25% contained non carbonate hardness. The presence
(o] f
E.coliin only seven dug wells indicated potential and dangerous faecal contamination,
which require immediate attention. Fluoride was most dominant ion responsible for
contamination of the groundwater. Seven water samples of the study area were prone
to excess fluoride concentration (>1.2 mg/L) and not suitable for drinking purpose.
These studies indicate that the water quality of 70% of the dug wells is suitable for both
domestic and irrigation purposes, where as in the 30% of the water samples, one or
the other chemical constituent was found beyond WHO permissible limits. The study
indicates the need for periodic monitoring of groundwater in the study area.

Asthe human population increases, people expresstheir desirefor a better standard of living, and as
economic activities continue to expand in scale and diversity, the demand for freshwater resources
continueto grow. Among the various sources of water, groundwater is said to be the safest water for
drinking and domestic purposes. Neverthel ess, several factorslike discharge of agricultural, domes-
tic and industrial wastes, land use practices, geological formation, rainfall patterns and infiltration
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rate are reported to affect the quality of groundwater in an area (APHA 1975). Asgroundwater moves
along flow linesfrom recharge to discharge areas, itschemistry isaltered by the effect of avariety of
geochemical processes (Freeze & Cherry 1979). In Karnataka, there isno significant work on water
quality except by Jayanthi (1993), Ayed (2002) and Jayalakshmi Devi et al. (2005). Water quality
assessment studiesin Karnataka, especially in Bellary district areinadequate, therefore, the present
study has been undertaken to assessthe water quality in thisregion.

GEOLOGY OF THE STUDY AREA

Bellary taluk liesbetween 14°59" to 15°26’ N latitude and 76°10’ to 77°38' E longitude. It coversan
areaabout 1689 sg. km. Thetaluk hasapopulation of about 6,25,494. The average annual rainfall of
the study areais495 mm. The average annual maximum temperature is40°C, and minimum 26°C.

The study areaiscovered by Archean granite, peninsular gnei ssand schists. The major portion of
the taluk comprises of schistsand phyllitic rocks, which are associated with iron and manganese ore
bands. They almost standout in the form of seria hillocksand are being commercially exploited. The
rock formationsare joined and traversed by doleritic dykes. Weathering in hardrocksislimitedto 5
metersfrom ground level whereasin schist and phylliteit extendsupto 20 meters. Secondary poros-
ity weathered zone, joints fresh hard rock, and provide room for groundwater storage.

MATERIALS AND METHODS

Forty representative samples were collected during post monsoon in November 2007 and analysed
for calcium, magnesium, sodium, potassium, iron, zinc, manganese, chloride, carbonate, bicarbo-
nate, fluoride, sulphate, nitrate, total hardness(TH), total alkalinity (TA), total dissolved solids(TDS),
pH, electrical conductance (EC), turbidity and coliform bacteria. Further, the sodium adsorption
ratio (SAR), corrosivity ratio (CR), percent sodium and magnesium ratio were also calculated. The
techniques and methods followed for collection, preservation, analysisand interpretation are those
given by Rainwater & Thatcher (1960), Brown et al. (1970), ICMR (1975), Hem (1985) and APHA
(1995). Thesamplelocationsinthe sudy areaaredepicted inFig. 1. Variousmethods and graphswere
used to study and interpret the water analysisdataare shownin Figs. 2-7.

RESULTS AND DISCUSSION

The results obtained from the analysis of water samples of different villages of Bellary taluk are
givenin Table 1. A comparison of the physico-chemical data of groundwater sampleshas been made
with WHO (1988) and ISl (1991) drinking water standards (Table 2). Table 3 shows the different
typesof watersin the study area according to hydrochemistry classification.

pH: The pH values of groundwater varied from 7.0 to 8.2 indicating dightly alkaline nature.
Groundwaterswith pH value of about 10 are exceptional and may reflect contamination by strong
bases such as NaOH and Ca(OH), (Langmuir 1997). The range of desirable pH of water prescribed
for drinking purpose by 1Sl (1991) and WHO (1988) is 6.5 to 8.5. The groundwater samples are
within the permissible limits. There isno distinct variation of pH in different wells selected for the
present study indicating that the groundwater is tapping from aquifers of a single formation. The
dight alkaline nature of groundwater may be due to the presence of fine aquifer sediments mixed
with clay and mud, which are unable to flush off the salts during monsoon rains, and hence, retained
longer on other seasons.

Electrical Conductance (EC): The mineral components of the water are directly related to
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Fig 1: Location map of water sampling sites of Bellary taluk.

agricultural utility and its parametric value decides the suitability for drinking and irrigation pur-
poses. Wilcox (1955) classified the quality of water with respect to irrigational use by taking into
consideration the sodium and el ectrical conductance asvital parameters. It iswell known that el ectri-
cal conductance isagood measure of dissolved solids, and excessive presence of sodiuminwater is
not only unsafe for irrigation but also makes the soil uncultivable (Neergj Verma 1994). In the
present investigation, the electrical conductivity of the samplesvariesfrom 300 to 7120 pmhos/cm
(Fig. 2). Thisiswithin the permissible limit for 24 samples as per WHO standards. However, the
higher values of EC (>2000 pmhos/cm) for 14 samples may be due to the long residence time and
factorsof lithology of water bodies (Harish Babu et al. 2004).

Total Dissolved Solids (TDS): TDS indicate the nature of water quality for salinity. The water
samplesin the study areafall in the range of 220 to 3600 mg/L. Out of the 40 samples collected, 20
samplesfall intothe*freshwater’ category, 18 samplesinto ‘ brackish water’ category and 2 samples
into moderately saline category. Waterscan be classified based on the concentration of TDS (Wilcox
1955, ICMR 1975) asgiven below:

Upto 500 mg/L Desirable for drinking

Upto 1000 mg/L Permissible for drinking

Upto 2000 mg/L Useful for irrigation

Above 3000 mg/L Not useful for drinking and irrigation

Based on the above classification only 50% samplesin the study area come under desirable and
permissible for drinking (Fig. 3).
Total Hardness: Total hardnessis due to the presence of divalent cations, of which Caand Mg are

Nature Environment and Pollution Technology - Vol. 8, No. 3, 2009
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Table 3: Hydrogeochemical classification of water samples.

Sample Percent SAR CR USSL Magnesium
No. Sodium Salinity Ratio
1 44.8 12.60 152 CsS, 27.2
2 432 11.50 2.74 CsS, 20.3
3 72.0 16.80 0.93 CsS, 10.8
4 52.3 15.74 1.99 CS, 174
5 65.8 40.15 0.66 CS, 58.2
6 34.0 8.25 2.03 CS, 271
7 44.2 11.48 0.61 CS, 16.2
8 26.0 6.98 0.39 CS, 9.3
9 389 6.50 131 CS, 14.0
10 429 11.01 240 CsS, 18.6
11 421 10.41 221 CsS, 219
12 36.3 9.25 1.08 CsS, 13.3
13 29.6 6.42 1.15 CS, 17.3
14 30.8 742 0.81 CS, 111
15 58.8 22.10 218 CsS, 11.2
16 37.8 8.48 0.64 CS, 16.2
17 47.0 14.65 1.82 CS, 175
18 245 5.62 152 CsS, 133
19 354 8.04 3.05 CS, 220
20 411 10.20 1.82 CS, 12.7
21 104 347 323 CS, 22
22 32.6 854 3.89 CS, 9.6
23 489 11.22 3.05 CsS, 16.1
24 455 14.19 057 CS, 16.9
25 58.9 13.27 0.66 CsS, 204
26 30.0 7.24 435 CS, 113
27 29.7 8.46 0.48 CS, 229
28 389 7.89 171 CS, 18.6
29 36.0 7.80 0.64 CS, 10.3
30 51.6 10.88 0.61 CsS, 19.2
31 41.3 8.60 1.30 CS, 22.7
32 68.4 29.06 281 CsS, 9.0
33 36.0 11.95 249 CsS, 154
34 405 11.63 184 CsS, 14.9
35 249 5.88 0.20 CS, 6.7
36 294 6.98 142 CS, 10.7
37 39.1 11.31 154 CsS, 15.2
38 36.7 9.58 2.03 CsS, 237
39 28.2 6.02 1.65 CS, 55
40 422 11.11 111 CS, 4.0

Note: SAR = Sodium Adsorption Ratio, CR = Corrosivity Ratio, USSL = US Salinity Laboratory

the most abundant in groundwaters. The waters of the study area are classified according to hardness
as suggested by Hem (1985). In the present study, the total hardness of water samplesranged from
100t0 1491 mg/L. Thisindicatesthat out of 40 samples, only 18 sampleshave total hardness content
within 1Sl permissiblelimit (300 mg/L), 15 sampleshave excessive limit (600 mg/L), and 7 samples
fall into thevery hard category. Thetotal hardnessvalueswell correlate with TDS (Fig. 3).

Total Alkalinity (TA): Most of the groundwaters contain substantial amounts of dissolved carbon
dioxide, bicarbonates and hydroxides. These constituentsare the results of dissolution of mineralsin
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the soil and atmosphere (Nagaraju et al. 2006). Inthe present sudy, alkalinity rangesfrom 241 to 429
mg/L. The high amount of alkalinity in the study area samplesmay be dueto the presence of country
rocks.

Chloride (CI-): Chlorideoccursinall natural watersinwidely varying concentrations. The origin of
chloridein surface and groundwaters may be from diverse sources such asweathering and leaching
of sedimentary rocks and soils, domestic and industrial waste discharge, etc. Excessive chloridein
potablewater is not particularly harmful and the criteria set for thision are based primarily on palat-
ability and its potentially high corrosiveness (Bhujangaiah & Vasudeva Nayak 2005). Chloride in
excess (>250 mg/L) imparts a salty taste to water and people who are not accustomed to high chlo-
rides may be subjected to laxative effects. The chloride content in the study area ranged between
11.5and 840.0 mg/L. The WHO and ISl permissiblelimitsof chloride for drinking water are 200 and
250 mg/L respectively. The chloride value of thewater samplesiswell within the permissible limit
of WHO and 1Sl for 34 samples, while 6 sampleshave high value.

Fluoride (F-): High concentration of fluoride, often significantly above 1.5 mg/L, constitute a se-
vereproblemin large parts of Karnataka (Handa 1975, 1988). Teotia et al. (1984) found variationsin
fluoride concentration with depth in groundwater from two Indian villages affected by fluorosis.
Shallow groundwaters (12-15m) have concentrations of around 4 mg/L to 11.5 mg/L, while deeper
groundwaters (15-33m) have mostly lessthan 1mg/L . The decrease with depth showed correspond-
ing decrease in akalinity. The trend is contrary to observations from high fluoride groundwaters
elsawhere.

Long term use of groundwater for drinking hasresulted in the onset of widespread fluorosisfrom
mild forms of dental fluorosis to crippling skeletal fluorosis. High fluoride concentrations in the
groundwater of study area correlate positively with alkalinity (bicarbonate concentration), pHand
sodium. The concentration of fluoridein the study areavariesfrom 0.32 to 2.47 mg/L (Fig. 4). The
fluoride value of thewater samplesiswell withinthe permissiblelimit of 1Sl for 27 samples, whereas
13 sampleshave high value of fluoride (>1.2 mg/L), and are not safe for drinking purpose.

Nitrate (NO,"): The WHO health-based guideline vauefor nitratein drinking water is45mg/L. The
concentration of nitratein the present water samplesvariesfrom 3.0t069.0 mg/L. The determination
of nitrateisimportant particularly in drinking water asit has adverse effects on health above 50 mg/
L. When water with high nitrogen concentration isused for drinking, it causes diseases|ike methae-
mogl obinaemia. Scanty dataare availablefor concentration of nitratein groundwatersfrom Karnataka.
Manjappa et al. (2003) found values between 0.08 mg/L and 308 mg/L for groundwaters from
Davanagere taluk in Karnataka. The presence of nitrate in water is due to domestic activities and
agricultural runoff, which dissolved in rain water leachesinto the wells (Zutshi et al. 1998). Nitrate
is basically non-toxic but when ingested with food and water, it is reduced by bacterial action to
nitrite and then to ammonia, which are toxic. In the present study, out of 40 samples collected, 23
samplesare within the permissible limit of ISI, while 17 sampleshave excessive limit.

Iron: Inthe present study, iron varied from 0.09 to 2.37 mg/L. The permissiblelimit forironis0.3to
1.0 mg/L. The concentration of iron in 2 water ssmplesishigh, whereasin the remaining samplesit
iswell below the permissible limit.

Zinc: The concentration of zinc in water samples varied from 0.49 to 1.49 mg/L. The permissible
limit of zincis5 mg/L. Theseresultsare well below the permissible limit.

M anganese: The manganeseranged from 0.01to 0.24 mg/L. The permissible limit for manganeseis

Nature Environment and Pollution Technology - Vol. 8, No. 3, 2009
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Table 4: Sodium adsorption ratio. 0.4mg/L. Theresultsindicatethat all the samplesof the study
. . areaarewithin thepermissiblelimit.

Sodium Adsorption Water Type

Ratio (SAR) Sodium Adsor ption Ratio (SAR): Excessive sodium in wa-

ters produces the undesirabl e effects of changing soil proper-

s £xcelentties and reducing soil permesbility (Kelly 1951). Hence, the
18-26 Eair assessment of sodium concentration is necessary while con-
>26 Poor sidering the suitability for irrigation. The degree to whichirri-
Table5: USSL classification. gation water tends to exchange cationsin soilsand cationsin

— _ the irrigation water can be represented by the sodium adsorp-
Sdinity Hazard ~ Sodium Hazard  tjon ratio (US Salinity Laboratory 1954). Sodium replacing
adsorbed calcium and magnes umisahazard asit causesdam-

S, Low C, Low . ) X

S, Medium  C, Medium @agetothesoil structure. It becomescompact and impervious.

S, High C, High SAR isan important parameter for determination of the suit-

S, VeryHigh  C, \H/eg% ability of irrigation water becauseit is responsible for the so-
|

dium hazard (Todd 1980). The waterswere classified inrela-
tiontoirrigation based on the ranges of SAR values (Richards
1954). Based on Table 4, out of 40 samples, 24 samplesare suitable for irrigation, while remaining
16 samples are unsuitable for irrigation. SAR values of the water sasmples vary from 4.15 to 29.06
(Table3).

US Salinity Laboratory (USSL) Classification: According to amethod formulated by the US Sa-
linity Laboratory (1954), water used for irrigation can be rated based on salinity hazards and sodium
or alkali hazard. When the sodium hazardsratio and el ectrical conductivity of water are known, the
classification of water for irrigation can be done by plotting these results on the graph (Fig. 5). Low
salinity water can be used for irrigation of most cropson most soilswith little likelihood that salinity
will develop. According to USSL classification (Table 5), out of 40 samplesof the groundwaters, 5
samplesfall into C,S, (medium salinity with low sodium), 2samplesinto C,S, (medium salinity with
medium sodium), 6 samplesinto C.S, (high salinity with low sodium), and 14 samplesinto C.S,
(high salinity with medium sodium). Out of 40 samples, 27 samples are suitable for irrigation in
almost all soil types, and they facilitate good soil drainage. However, remaining 13 samples(C,S,,
C,S,, C,S,and C,S)) have very high sodium. Therefore, they are not suitablefor irrigation (Table 3).

471’

Per cent Sodium: Sodium concentration isimportant in classifying theirrigation water because so-
dium reactswith soil to reduce its permeability. Soils containing alarge proportion of sodium with
carbonate asthe predominant anion aretermed akali soils; and those with chloride or sulphate asthe
predominant anion are saline soils. The role of sodium in the classification of groundwater for irriga-
tion was emphasized because of the fact that sodium reacts with soil and as a result clogging of
particlestakes place, thereby reducing the permeability (Todd 1980, Demenico & Schwartz 1990).
Percent sodium in water is a parameter computed to evaluate the suitability for irrigation (Wilcox
1948). The percent sodium val ues of the water samplesvary from 1.36 to 72.00. Percent sodium is
plotted against e ectrical conductance, which isdesignated asWilcox diagram (Fig. 6). From this, it
isclear that 9 samplesfall into the category of ‘excellent to good’, 15 samplesinto the category of
‘good to permissible’, 8 samplesinto the category of ‘doubtful to unsuitable’, and 8 samplesintothe
category of ‘unsuitable’.

Corrosvity Ratio (CR): Corrosionisan electrolytic processthat takes place on the surface of met-
als, which severely attacks and corrodes away the metal surface. Most of the problems are associated
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Figure 2 Figure 3
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Fig. 2: EC/TDSvs. borewell water samples of Bellary taluk. Fig. 3: TDS'TH vs. borewell water samples of Bellary taluk.
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groundwaters of Bellary taluk. and sodium hazard (against US salinity Laboratory, 1954.)

with salinity and encrustation problems. Water samples having corrosivity ratio of lessthan 1 are
considered to be non-corrosive, while the value above 1 is corrosive (Jayalakshmi Devi & Belagali
2006). In the present sudy, 28 samplesare corrosive, while the remaining 12 samples are non-corro-
sive(Table3).

M agnesium Ratio: Generally, calcium and magnesium maintain a state of equilibrium in most wa-
ters. In equilibrium more magnesium in waterswill adversely affect crop yields. Astherocks of the
study area consist of Archean granite, schistsand peninsular gneisses, it isobserved that most waters
contain less Mg than Ca. In the present study, all the samples contain Mg ratio lessthan 30. This
would not affect the cropyield. The‘MagnesiumRatio’ valuesvary from 2.19to 27.20 in thewater
samples(Table 3).

Graphical methods of representing analysis (Piper diagram): Collins (1923) first proposed a
graphical method of representation of chemical analysis, which waslater modified by Piper (1944,
1953) based on concentration of dominant cationsand anions, and trilinear diagram was proposed to
show percentage of cations and anionsin water samplesin milliequivalents per litre. The Piper dia-
gramwaslater modified by Davis& Dewiest (1967). Thetrilinear diagram of Piper isvery useful in
bringing out chemical rel ationshi psamong groundwatersin more definite terms(Walton 1970). This
isuseful to understand total chemical character of water samplesin termsof cation-anion pairs.

The piper diagram consisting of 2 triangular and 1 intervening diamond-shaped fields is shown
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Fig. 6: The quality of Bellary taluk water in relation to electrical conductance and percent sodium (Wilcox diagram).

inFig. 7. All 3sidesof the 2triangular fieldsand the 4 sides of the diamond-shaped field aredivided
into 100 parts. The percentage reacting val ues at the 3 cation groups, Ca, Mg and (Na+ K) areplotted
as asingle point in the left triangular field and the 3 anion groups, (HCO, + CO,), SO, and CI-
similarly onthe right triangul ar field. The 2 pointsin each triangular field show the rel ative concen-
tration of several dissolved congtituents of the water sasmple. Later a third point is plotted in the
central diamond-shaped field after computing percentage reacting valuesfor anionsand cations sepa-
rately. Thisfield showsthe complete chemical character of the water samplesthat givestherelative
composition of groundwater about the cati on-anion point. These 3 fieldsreflect the chemical charac-
ter of groundwater according to the relative concentration of its constituent but not according to the
absolute concentrations. Piper (1953) later classified the diamond-shaped field of the trilinear dia-
graminto 9 areasto know quickly the quality of water as given below.

Area-1: Alkaline earths (Ca+ Mg) exceed alkalies(Na+ K) (includesareas5, 6 and 9a).

Area-2: Alkaliesexceed alkaline earths (includes areas 7, 8 and 9b).

Area-3: Weak acids (CO, + HCO,) exceed strong acids (SO, + CI + F) (includes areas5, 8 and 9b).
Area-4: Strong acidsexceed weak acids(includesareas6, 7 and 9b).

Area-5: Carbonate hardness (secondary akalinity) exceeds50%.

Area-6: Non-carbonate hardness (secondary salinity) exceeds50%.

Area-7: Non-carbonate alkali (primary salinity) exceeds 50%.

Area-8: Carbonate alkali (primary alkalinity) exceeds50%.

Area-9: None of the cation and anion pairs exceed 50%.

In the present study, it is noted that most of the samplesfall under area-1, 7 samplesfall under
area-2; 12 samplesfall under area-3; 28 samplesfall under area-4; 10 samplesfall under area-5; 20
samplesfrom study areafall under area-9; 4 samplesfall under area-7; while no sample fall under
area8.

Most of thewater samplesof the study area exhibit higher amount of Caand Mg ionsamong the
cations and bicarbonatesamong anions. Thismay be due to the dissol ution of carbonatesof Caand
Mg. Groundwaters of the study area are characterized by both temporary and permanent hardness.
However, 80% of the water samples have temporary hardness. Concentration of Cain groundwater
samplesrangesfrom 23.0t0 436.9 mg/L. Itisobserved that ssmples around the mining areas have
higher concentration of Ca.
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Coaliforms: Bacterial contentisone of themost
important aspectsin drinking water quality. The
most common and widespread health risk asso-
ciated with drinking water isthe bacterial con-
tamination caused either directly or indirectly
by human and animal excreta. E. coli, atypical
faecal coliform, is selected as an indicator of
Vil faecal contamination. Only seven sampleswere
;\ found to have coliform contamination, of these
I A%X’%%X# only three samples (sampleNo. 9, 10, 13) have
Q, WAVATAVA *ATAVAN \  coliform contamination above 4/100 mL. The
ALY VA e permissible limit of bacterial coliforms is
0/100mL as per WHO. Sample No. 9 and 10
were found to be highly contaminated with
coliforms, whilethe otherswere suitable for hu-
man consumption.

L VAVA®

Fig. 7: Piper trilinear diagram of borewell samples
of Bellary taluk.

CONCLUSION

Analysisof groundwater of Bellary taluk in Karnataka state showsthat only 70% of water samples
have physico-chemical properties well within the permissible limits. According to USSL, 27
groundwater samplesfall under four types, i.e., C,S,, C,S,,C.S and C.S, with moderately low salin-
ity, sx samples were of C,S, type with still moderately high salinity, and 12 sampleswere of C.S,,
C,S,, C,S,and C S, typeswith high salinity. The value of SAR in 24 sampleswasin excellent type.
Sixteen samples have corrog vity ratio higher than 1. According to Piper’ sdiagram, the sudy areais
characterized by water having both temporary and permanent hardness. The concentration of fluo-
ridein 27 sasmpleswaswell within the permissible limit, while 13 samples have high value of fluo-
ride (>1.2 mg/L) and not safe for drinking purpose. The presence of E. coli in three samples of

groundwater indicates potentially dangerous situation, which require immediate attention.
ACKNOWLEDGEMENT

Authorsthank Dr. S. L. Belagali, Professor & Chairman, DOSin Environmental Science, University
of Mysore, Mysore, and Dr. P. Vasudeva Nayak, Professor, DOSin Industria Chemistry, Kuvempu
University, Shimoga for encouragement and support provided to undertake this study.

REFERENCES

APHA 1975. Standard Methods for the Examination of Water and Wastewater. 14" Edition, American Public Health Asso-
ciation, Washington DC.

APHA 1995, Standard Methods for Examination of Water and Wastewater. 19™ Edition, American Public Health Associa-
tion, AWWA, WPCF, Washington DC.

Ayed, P.K. 2002. Ecological studieson Two Freshwater BodiesNear Mysore, Karnataka. Ph.D. Thesis, University of Mysore,
Mysore.

Bhujangaiah, N.S. and Vasudeva Nayak, P. 2005. Study of groundwater quality in and around Shimoga city, Karnataka. J.
Ind. Coun. Chem., 22(1):42-47.

Brown, E., Skougstad, M.W. and Fishman, M.J. 1970. Methods for Collection and Analysis of Water Samplesfor Dissolved
Minerals and Gases. Techniques of Water Resources Investigations of the U.S. Geological Survey, Book 5, Chap.
A1:160.

Collins, W.D. 1923. Graphic Representation of Water Analysis. Indus. Eng. Chem., 15: 394-399.

Nature Environment and Pollution Technology - Vol. 8, No. 3, 2009



428 T. Suresh etal.

Davis, SN. and Dewiest, R.J.M. 1967. Hydrogeology. John Wiley and Sons, New Y ork, 463.

Domenico, P.A. and Schwartz, F.W. 1990. Physical and Chemical Hydrology. John Wiley and Sons, New Y ork, 168.

Freeze, R.A. and Cherry, J.A. 1979. Ground Water, Prentice Hall Inc., Englewood Cliffs, New Jersery, 238.

Handa, B.K. 1975. Geochemistry and genesis of fluoride-containing ground watersin India. Ground Water, 13: 275-281.

Handa, B.K. 1988. Fluoride occur in natural water in India and its significance. Bhu-Jal News, 3: 31-37.

Harish Babu, K., Puttaih, E.T., Vijaya Kumar and Shekar, T.R. 2004. Evolution of groundwater quality in Tarikere Taluk.
Indian J. Env. Prot., 24(9): 684-688.

Hem, J.D. 1985. Study and Interpretation of Chemical Characteristics of Natrual Water. U.S.G.S. Water Supply Paper, 3"
Edition, 2054: 2063.

ICMR. 1975. Manual of Standards of Quality for Drinking Water Supplies. Indian Council of Medical Research.

1Sl 1991. Drinking Water Specification. BIS, New Delhi.

Jayalakshmi Devi, O., Belagali, S.L., Ramaswamy, S.N. and Janardhana, G.R. 2005. Investigation on water quality character-
isticsin selected areas of Karnataka state, India. Indian J. Environ. & Ecoplan, 10(2): 405-408.

Jayalakshmi Devi, O. and Belagali, S.L. 2006. Groundwater classification of Mandya district in Karnataka based on
hydrogeochemical studies. Nat. Env. & Poll. Tech., 5(4): 553-560.

Jayanthi, S.K. 1993. Studies on Industrial Water-Pollution of Cauvery River Near Belugola, Mysore. Ph.D. Thesis, Univer-
sity of Mysore, Mysore.

Kelly, W.P. 1951. Alkali Soils - Their Formation, Properties and Reclamation. Reinhold Publ., New Y ork.

Langmuir, D. 1997. Aqueous Environmental Chemistry. Prentice-Hall, Inc., New Jersey.

Manjappa, S., Basavarajappa, B.E., Desai, G.P., Hotanahalli, S.S. and Aravinda, H.B. 2003. Nitrate and fluoride levelsin
goundwaters of Davanagere taluk in Karnataka. Indian J. Environ. Hlith., 45(2): 155-160.

Nagaraju, A., Suresh, S, Killham, K. and Hudson-Edward, K. 2006. Hydrogeochemistry of waters of Mangampeta Barite
mining area, Cuddaph basin, A.P., India. Turkish J. Eng. Env. Sci., 30: 203-219.

Neerg Verma. 1994. Studieson the Drinking Water and I rrigation Water Resources of Industrial State. Ph.D. Thesis, Barkatullah
University, Bhopal.

Piper, A.M. 1944. A graphic procedure in the geochemical interpretation of water analysis. Trans. Am. Geophys. Union
Trans, Washington, DC., 25: 914-923.

Piper, A.M. 1953. A Graphic Procedure in the Geochemical I nterpretation of Water Analysis. USGS Groundwater Note, 12: 63-71.

Rainwater, F.H. and Thatchar, L.L. 1960. Methods for Collection and Analysis of Water Samples. U.S. Geol. Surv. Water
Supply Paper, 1454: 301.

Richards, L.A. (Ed). 1954. Diagnosis and Improvement of Saline and Alkali Soils. USDA Hand Book, 60: 160.

Teotia, SP.S, Teotia, M., Singh, D.P., Rathour, R.S,, Singh, C.V., Tomar, N.P.S,, Nath, M. and Singh, N.P. 1984. Endemic
fluorosis: Change to deeper bore wells as a practical community - Acceptable approach to its eradication. Fluoride, 17:
48-52.

Todd, D.K. 1980. Groundwater Hydrology. 2 Edition, John Wiley and Sons, New Y ork.

U.S. Salinity Laboratory 1954. Diagnosis and Improvement of Saline and Alkaline Soils. U.S. Dept. of Agriculture. Hand
Book, 60: 160.

Walton, W.C. 1970. Groundwater Resources Evaluation. McGraw-Hill, New Y ork.

WHO. 1988. Guidelines for Drinking Water Supply Quality. 2™ Edition, I. Recommendation, World Health Organiztion,
Geneva.

Wilcox, L.V.1948. The Quality of Water for Irrigation Use. U.S. Dept. of Agriculture, Tech. Bull., Washington DC., 19.

Wilcox, L.V. 1955. Classification and Use of Irrigation Waters. U.S. Dept. of Agricultural Science, Grc., 966-969.

Zutshi, D.P. and Khan, A.V. 1998. Ground water quality: Southern India. Indian J. Env. Health, 30(4): 348-354.

Vol. 8, No. 3, 2009 - Nature Environment and Pollution Technology



