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Abstract In the management of water resources,
quality of water is just as important as its quantity. In
order to know the quality and/or suitability of
groundwater for domestic and irrigation in upper
Gunjanaeru River basin, 51 water samples in post-
monsoon and 46 in pre-monsoon seasons were col-
lected and analyzed for various parameters. Geological
units are alluvium, shale and quartzite. Based on the
analytical results, chemical indices like percent sodium,
sodium adsorption ratio, residual sodium carbonate,
permeability index (PI) and chloroalkaline indices
were calculated. The pre-monsoon waters have low
sodium hazard as compared to post-monsoon season.
Residual sodium carbonate values revealed that one
sample is not suitable in both the seasons for irrigation
purposes due the occurrence of alkaline white patches
and low permeability of the soil. PI values of both
seasons revealed that the ground waters are generally
suitable for irrigation. The positive values of Chloro-
alkaline indices in post-monsoon (80%) and in pre-
monsoon (59%) water samples indicate absence of
base-exchange reaction (chloroalkaline disequilib-
rium), and remaining samples of negative values of the
ratios indicate base-exchange reaction (chloroalkaline
equilibrium). Chadha rectangular diagram for geo-
chemical classification and hydrochemical processes of
groundwater for both seasons indicates that most of
waters are Ca-Mg-HCO; type. Assessment of water
samples from various methods indicated that majority
of the water samples in both seasons are suitable for
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different purposes except at Yanadipalle (sample
no. 8) that requires precautionary measures. The
overall quality of groundwater in post-monsoon season
in all chemical constituents is on the higher side due to
dissolution of surface pollutants during the infiltration
and percolation of rainwater and at few places due to
agricultural and domestic activities.
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Introduction

In recent times, there has been a tremendous increase
in demand for fresh water due to population growth
and intense agricultural activities. The hydrogeologic
factors controlling recharge and hydrogeochemical
reactions are so important for the chemical constitu-
ents to reach the groundwater uses. Land use for
agricultural purpose in Gunjanaeru River basin has
increased alarmingly during the last two decades. Scant
attention has been paid so far on groundwater quality
of the study area. The upper Gunjaneru catchment is
formed by four ephemeral streams and lies between
north latitudes 13°43’45” and 14°1°44” and east longi-
tudes 79°15’16” and 79°27°38”. The climate of the river
basin is hot and semi-arid. Shales of Cuddapah for-
mation with recent alluvial deposits mostly cover the
study area. The shale is mainly composed of silt and
clay with calcareous and argillaceous cementing
material. In the absence of any perennial rivers, infil-
tration during the period of precipitation is the only
source of recharge to the shale aquifers.
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Fig. 1 Location map of the upper Gunjanaeru River basin

One of the most interesting aspects of hydrochem-
istry is the occurrence of water bodies with different
water chemistries in very close proximity to each other.
This has been variously attributed to the surface and
subsurface geology (Stallard and Edmand 1983), small
climatic differences (Petrovic 1980) and the flow
direction (Lyons et al. 1992). Water quality assessment
in Akpabuyo, Southeastern Nigeria indicated that the
waters are acidic, soft and characterized by low sodium
adsorption ratio, and the waters are also classified into
four chemical facies: Ca—Cl, Na-Cl, Ca-SO4 and Ca-
HCO; (Offiong and Edet 1998). Studies conducted on
the chemical quality of groundwater of Mangalore City
in Karnataka State and Madras in Tamil Nadu, India
revealed that the groundwater quality has been dete-
riorated due to overexploitation of groundwater
(Narayana and Suresh 1989; Ramesh et al. 1995).
Sreedevi (2004) has studied the groundwater quality of
Pageru River basin in Cuddapah district and the
assessment of water samples from various methods
proved that majority of the water samples are good
either for drinking or for agriculture in post- and pre-
monsoon seasons.
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In order to study the quality variations of the
groundwater in the upper Gunjaneru River basin 51
samples during post-monsoon and 46 samples during
pre-monsoon season are collected (Janardhana Raju
1991) from dug wells in the vicinity of heavily culti-
vated agricultural land, dug wells in densely populated
area and some abandoned wells (Fig. 1). These were
analyzed for different geochemical constituents using
standard methods of analysis (Hem 1985). In this paper
an attempt has been made to evaluate the quality
indices of groundwater to understand the hydrogeo-
chemical relationships of the water quality parameters
for the suitability of groundwater resources. There is
no documented evidence of the chemical quality of the
groundwater in this basin. In view of this, an extensive
survey has been conducted in order to know the quality
of water for domestic, irrigation and industrial uses.
The author has referred several aspects of chemical
data interpretation and discussed the main features of
groundwater quality classifications for domestic and
irrigation purposes.

Results and discussion

The classical use of water analyses in groundwater
hydrology is to produce information concerning the
water quality. The water quality may yield information
about the environments through which the water has
circulated. The chemical indices derived from hydrog-
eochemical parameters of post- and pre-monsoon
groundwater samples of upper Gunjanaeru River basin
are presented in Table 1. The total dissolved solids
(TDS) estimated by residue on evaporation method
range from 87 to 1,126 mg/l with a mean of 444 mg/l
and from 95 to 1,009 mg/l with a mean of 375 mg/l for
post- and pre-monsoon water samples, respectively.
The increase of TDS in post-monsoon season is on the
higher side than the pre-monsoon season due to mixing
of surface pollutants during the infiltration and perco-
lation of rainwater. Salts, which held back in the
interstice or pores in clay/shale while groundwater is
evaporated or water table falls, get leached back to the
groundwater during the rainy period. Hence the post-
monsoon waters have higher TDS levels when com-
pared to pre-monsoon season. The analytical results
have been evaluated to ascertain the suitability of
groundwater of the study area for human consumption,
by comparing with the specifications of TDS set by the
WHO (1984). According to WHO specification TDS
up to 500 mg/1 is highest desirable and up to 1,000 mg/1
is maximum permissible. Based on this classification it
indicates that 65% of samples and 85% belong to
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Table 1 Chemical indices derived from hydrogeochemical parameter (post- and pre-monsoon seasons)
Well  Total dissolved Electrical Percent Sodium Permeability Chloroalkaline Chloroalkaline
No. solids (mg/1) conductivity sodium adsorption index indices I indices II
(pmhos/cm) ratio

Post Pre Post Pre Post Pre  Post Pre Post Pre Post Pre Post Pre
1 597 479 1,050 714 34 14 1.86  0.61 4863 3528 043 0.72 0.65 0.72
2 922 760 1,600 1,150 49 31 396 191 6648 4896 041 0.2 -0.22 0.13
3 416 417 748 613 38 31 1.87 148 68.07 6129 042 -0.51 -0.15 -0.13
4 746 430 1,300 622 29 27 1.74 087 4829 4919 027 0.23 0.18 0.13
5 405 384 690 565 28 50 137 264 6205 8392 -1.15 -2.711 -0.19 -0.42
6 564 495 980 731 36 26 202 128 5996 5122 -0.09 0.22 -0.04 0.11
7 562 806 920 1,200 35 32 194 209 5775 4722  0.06 0.46 0.04 0.68
8 1,126 1,009 1,850 1,515 73 71 911 792 9049 89.11 -1.57 -1.29 -0.63 -0.58
9 627 467 1,100 675 31 33 1.85 162 5712 59.61  0.08 -0.02 0.04 -0.01
10 725 Dry 1,300 Dry 27 Dry 1.69 Dry 4792 Dry 0.16 Dry 0.07 Dry
11 418 302 690 431 34 48 1.61 197 6144 8119 -0.03 -0.52 -0.01 -0.24
12 335 282 580 412 13 17 041 057 4322 5263 051 0.29 0.17 0.09
13 498 392 858 585 17 46 0.81 244  43.03 7833 0.08 -1.15 0.02 -0.32
14 172 152 290 225 35 20 1.06 045 7678 6475 0.14 0.49 0.09 0.32
15 336 238 570 350 11 19 033 047 4267 5775 045 0.15 0.12 0.04
16 176 155 300 220 21 27 054 07 58.63  68.08 0.1 0.45 0.41 0.45
17 404 290 670 420 20 27 0.64 087 4596 6029 0.37 0.17 0.16 0.08
18 270 180 465 268 8 13 022 032 4285 5746 0.64 0.51 0.19 0.18
19 849 500 1,500 750 31 29 1.85 125 46.83 5277 022 0.09 0.15 0.04
20 151 Dry 255 Dry 76 Dry 329 Dry 1109 Dry -0.43 Dry -0.47 Dry
21 208 178 350 265 24 29 069 083 5748 7034 043 0.3 0.32 0.22
22 591 385 1,000 550 26 12 121 04 473 3725  0.01 0.64 0.01 0.32
23 1,007 870 1,730 1,320 40 49 312 387 5634 6673  0.09 -0.08 0.07 -0.07
24 292 200 490 277 17 25 054 074 4762 6719 0.52 0.14 0.29 0.06
25 556 465 930 675 30 33 158 1.64 53.05 5996 0.04 -0.08 0.02 -0.04
26 579 470 1,000 680 22 29 1.05 136 4417 5686 021 -0.09 0.08 -0.04
27 249 Dry 420 Dry 21 Dry 0.53 Dry 5391 Dry 0.29 Dry 0.12 Dry
28 427 320 720 477 22 28 092 106 4976  63.66 0.05 -0.24 0.01 -0.07
29 276 242 470 349 47 49 1.79 184 7881 8652 -0.33 -0.45 -0.18 -0.24
30 383 310 640 450 26 38 1.02 154 5247 7261 027 -0.56 0.16 -0.18
31 461 330 770 450 18 26 068 095 4371 5925 0.8 -0.23 0.05 -0.06
32 301 209 510 290 23 28 084 088 5694 7092 -0.01 -0.14 -0.01 -0.04
33 326 244 550 330 14 27 047 086 4456 6521 0.52 -0.08 0.22 -0.03
34 164 135 280 200 18 14 039 025 5576 5507 0.63 0.73 0.66 0.83
35 111 95 190 140 20 34 037 06 68.51  89.64  0.54 0.33 0.42 0.31
36 350 235 590 350 21 29 048 071 4397 6826 049 -0.23 0.35 -0.07
37 87 Dry 150 Dry 58 Dry 138 Dry 1092 Dry -0.4 Dry -0.28 Dry
38 436 400 730 585 22 24 082 092 4757 5209 012 0.06 0.04 0.02
39 645 510 1,100 750 18 25 093 121 3937 5101 035 0.08 0.13 0.03
40 615 520 1,050 740 22 32 1.11 1.66 4252 5582 021 0.15 0.08 0.09
41 390 340 660 500 13 12 048 033 4328 4497 0.39 0.45 0.11 0.14
42 341 265 570 370 16 24 059 081 4735 6164 033 -0.04 0.11 -0.01
43 332 268 560 385 15 22 051 068 4431 5728 055 0.33 0.28 0.16
44 552 365 930 500 16 16 061 06 3719 4595 051 0.35 0.27 0.13
45 560 440 950 650 19 20 073 069 3889 4259 044 0.52 0.24 0.36
46 281 250 470 360 33 42 057 129 60.74 7538  0.04 -0.25 0.02 -0.13
47 381 Dry 640 Dry 15 Dry 054 Dry 4336 Dry 0.44 Dry 0.16 Dry
48 398 335 670 500 27 36 1.07 154 50.84 6671  0.27 -0.03 0.16 -0.02
49 485 370 820 565 16 22 072 093 4066 5236 0.39 0.19 0.15 0.07
50 528 520 890 780 29 43 149 25 5035 6424 04 0.24 0.37 0.32
51 228 250 380 370 33 36 078 091 6381 6324 0.16 0.32 0.11 0.36

highest desirable category and remaining samples be-
long to maximum permissible category in both post-
and pre-monsoon seasons, respectively. Davis and De
Wiest (1966) have also classified ground waters on the

basis of TDS, up to 500 mg/l (desirable for drinking);
500-1,000 mg/l (permissible for drinking) and up to
3,000 mg/1 (useful for agricultural purposes). Based on
his classification, it is observed that out of 51 samples
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Table 2 Water quality classification (after US Salinity Labora-
tory 1954)

Quality Electrical Sodium

of water conductivity adsorption
(pS/cm) ratio (epm)

Excellent Up to 250 Up to 10

Good 250-750 10-18

Fair 750-2,250 18-26

Poor >2,250 >26

collected 33 are desirable for drinking, 16 are permis-
sible for drinking, and out of 46 samples collected 39
are desirable for drinking, 6 samples are permissible
for drinking and all are suitable for agricultural pur-
poses in post- and pre-monsoon, respectively.

The electrical conductivity (EC) ranges from 150 to
1,850 umhos/cm at 25°C with a mean of 752 pumhos/cm
at 25°C and 140-1,515 umhos/cm at 25°C with a mean
of 550 pmhos/cm at 25°C for post- and pre-monsoon
seasons, respectively. The US Salinity Laboratory
(1954) classified ground waters on the basis of electri-
cal conductivity (Table 2). Based on this classification,
2 and 4 of samples belongs to the excellent category, 28
and 35 belongs to good category, 21 and 7 belongs to
fair category for post- and pre-monsoon seasons,
respectively. Day and Nightingale (1984) reported the
value of multiplying factor as 0.527 to 0.570 for ground
waters of Fresnol Wisalie and Bakersfield in USA.
Janardhana Raju et al. (1990) have reported the mul-
tiplying factor for post-monsoon water samples is 0.58
for upper Gunjanaeru River basin, Cuddapah district
in Andhra Pradesh, India. The multiplying factor is
0.65 for pre-monsoon samples of upper Gunjaneru
River basin. The differences between the values may
reflect the wide variation in the activities and processes
prevailing in the surface and subsurface environments
(Amadi and Amadi 1990).

Sodium content

Sodium concentration is important in classifying irriga-
tion water because sodium reacts with soil to reduce its
permeability. Sodium content is usually expressed in
terms of percent sodium or soluble-sodium percentage
(%Na). As per the Indian Standards, maximum of 60%
sodium is permissible for irrigation water (Table 1). The
pre-monsoon waters have low sodium hazard as com-
pared to post-monsoon season in the upper Gunjaneru
River basin (Janardhana Raju et al. 1992). Wilcox
(1948) proposed a method for rating irrigation waters to
be used, based on percent sodium and electrical con-
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ductivity. The diagram consists of five distinct areas such
as excellent to good, good to permissible, permissible to
doubtful, doubtful to unsuitable and unsuitable. The
percent sodium is obtained by the equation

Na + K

% Na =
° T CatMgtNatK |

100,

where all ionic concentrations are expressed in epm.
Wilcox diagram has revealed that out of 51 samples
31 fall under excellent to good, 19 fall under good to
permissible and one under permissible to doubtful, and
out of 46 samples 40 fall under excellent to good, 5 fall
under good to permissible and one under permissible
to doubtful for post- and pre-monsoon seasons (Fig. 2),
respectively. The agricultural yields are observed to be
generally low in lands irrigated with waters belonging
to permissible to doubtful category. This is probably
due to the presence of sodium salts, which cause os-
motic effects in soil plant system. While a high salt
content (high EC) in water leads to formation of saline
soil, high sodium content (SAR) leads to development
of an alkaline soil. The sodium or alkali hazard in the
use of water for irrigation is expressed by determining
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Fig. 2 Rating of groundwater samples on the basis of electrical
conductivity and percent sodium (after Wilcox 1948)



Environ Geol (2007) 52:1067-1074

1071

the sodium adsorption ration (SAR) and it can be
estimated by the formula

Na

V/Ca+Mg/2’

where all ionic concentrations are expressed in epm.

As per the Richards (1954) classification based on
SAR values (Table 2), 51 samples in post-monsoon
and 46 samples in pre-monsoon are excellent category
because none of the samples exceeded the value of
SAR =10 (Table 1). SAR can indicate the degree to
which irrigation water tends to enter into cation-ex-
change reactions in soil. Sodium replacing adsorbed
calcium and magnesium is a hazard as it causes
damage to the soil structure and becomes compact
and impervious.

Residual sodium carbonate (RSC) has been calcu-
lated to determine the hazardous effect of carbonate
and bicarbonate on the quality of water for agricultural
purpose (Eaton 1950) and has been determined by the
formula:

Sodium Adsorption Ratio (SAR) =

RSC = (CO; + HCO;3) — (Ca + Mg),

where concentration of cations and anions are ex-
pressed in epm.

The US Salinity Laboratory Diagram (1954) pro-
posed that waters containing more than 2.5 meq/l of
RSC are not suited for irrigation, while those having
1.25-2.5 meq/l are marginally suitable and those with
less than 1.25 meq/l are probably safe for irrigation.
From the residual sodium carbonate values of the
study area, it is observed that out of 51 post-monsoon
water samples, 48 samples are safe, 2 samples are
marginal and 1 sample is not suitable for irritation. But
out of 46 pre-monsoon water samples, 42 samples are
safe, 1 sample is marginally suitable and 3 are not
suitable for irrigation. The RSC in ground waters of
post- and pre-monsoon varies from 0 to 13.14 meq/l
and from 0 to 11.42 meq/l, respectively. From these
analyses, it is found that the sample no. 8 only is not
suitable in both the seasons. This is clearly established
by the field studies of the occurrence of alkaline white
patches and of the low permeability of the soil. The
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samples 5 and 13 during pre-monsoon are found to be
unsuitable, even though the water table is occurring at
greater depths. The poor quality of water in these two
wells is due to localized pollution. Hence, continued
usage of high residual sodium carbonate waters affects
the yields of crop.

Permeability index (PI)

The soil permeability is affected by long-term use of
irrigation water and is influenced by sodium, calcium,
magnesium and bicarbonate contents of the soil.
Doneen (1964) has evolved a criterion for assessing the
suitability of water for irrigation based on PI (Table 1),
and PI has been calculated by using the formula

Na + +HCO3 y

Permeability Index (PI) = Ca + Mg+ Na

100,

where all the ions are expressed in epm.

According to PI values, the ground waters of both
seasons in the study area can be designated as class 11
(25-75%) excepting the five samples in post-monsoon
and seven samples in pre-monsoon seasons, which
classified as class I (>75%). As suggested by Raghun-
ath (1982), on the basis of US salinity diagram and
Doneen’s chart the groundwater in the study area is in
general suitable for irrigation purposes.

Chloroalkaline indices (CAI)

Knowledge of the changes brought about in the
chemical composition of the groundwater during its
travel underground is essential (Sastri 1994). Control
on the dissolution of undesirable constituents in waters
is impossible during the subsurface run off but it is
essential to know the various changes undergone by
waters during the travel (Johnson 1979). The ion ex-
change between the groundwater and its host envi-
ronment during residence or travel can be understood
by studying the chloroalkaline indices: CAI-I = [CI -
(Na + K)J/Cl and CAI-II = [C] - (Na + K)]/
(SO4 + HCO;3 + CO3 + NOj3) (Schoeller 1967). CAI
are negative when there is exchange between sodium
and potassium (Na + K) in water with calcium and
magnesium (Ca + Mg) in rocks. If the ratio is positive,
then there is no base exchange. CAI (Table 1) indicate
that 41 (80%) and 27 (59%) water samples show po-
sitive ratios in the post- and pre-monsoon, respectively,
while 10 (20%) and 19 (41%) of the respective seasons
belong to negative ratios depicting the type of base
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exchange. The positive values are indicating absence of
base exchange and the reaction as a cation—anion ex-
change reaction. The negative values of the ratio
indicate base exchange between sodium and potassium
in water with calcium and magnesium in the rocks.

Chemical relationships

Hydrochemical diagrams are aimed at facilitating
interpretation of evolutionary trends, particularly in
groundwater systems, when they are interpreted in
conjunction with distribution maps and hydrochemical
sections. Chadha (1999) has proposed new diagram for
geochemical classification of natural waters and inter-
pretation of chemical data. The proposed diagram is a
modification of Hill Piper diagram with a view to ex-
tend its applicability in representing water analysis in
the simplest way possible. In the proposed diagram
(Fig. 3), the difference in milliequivalent percentage
between alkaline earths (Ca + Mg) and alkali metals
(Na + K), expressed as percentage reacting values, is
plotted on the x-axis, and the difference in milli-
equivalent percentage between weak acidic anions
(CO;5 + HCO:s5) and strong acidic anions (Cl + SOy) is
plotted on the y-axis. The milliequivalent percentage
differences between alkaline earths and alkali metals,
and between weak acidic anions and strong acidic an-
ions, would plot in one of the four possible sub-fields of
the rectangle diagram. The rectangular field describes
the overall character of the water. In order to define
the primary character of water, the rectangular field is
divided into eight sub-fields, each of which represents a
water type: (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 acidic anions; (5) alkaline earths
and weak acidic anions exceed both alkali metals and
strong acidic anions, respectively; such water has tem-
porary hardness; (6) alkaline earths exceed alkali

Table 3 Classification of groundwater samples on the basis of
Chadha rectangular diagram (1999)

Subdivision Post-monsoon Pre-monsoon

1

2 _ _

3 - -

4 - -

5 37 (Ca**-Mg?*-HCO7; 36 (Ca**-Mg**-HCO3
type) type)

6 9 (Ca**-Mg**—CI” type) 7 (Ca®>*-Mg®>*—CI" type)

7 2 (Na*-CI” type) -

8 2 (Na*-HCOj5" type) 2 (Na*-HCOj5" type)
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metals and strong acidic anions exceed weak acidic
anions; such water has permanent hardness; (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.

Results of analyses were plotted on the proposed
diagram to test its applicability for geochemical clas-
sification of groundwater (Table 3) and to study
hydrochemical processes of post- and pre-monsoon
are shown in Fig. 3. From the Table 3, it is evident
that majority of samples in post-monsoon (73%) and
pre-monsoon (78%) seasons fall under the subdivision
of alkaline earths and weak acidic anions that exceed
both alkali metals and strong acidic anions (Ca*'—
Mg**~HCO™; type); such waters have temporary
hardness. Eighteen percent of post-monsoon and 16%
of pre-monsoon samples fall under the subdivision of
alkaline earths exceeding alkali metals and strong
acidic anions exceeding weak acidic anions (Ca**-

Mg?*—CI" type), such waters have permanent hardness
and do not deposit RSC in irrigation use. Four per-
cent of the water samples in post-monsoon fall under
the subdivision of Na™~CI” type; such waters generally
create salinity problems both in irrigation and
domestic uses. Remaining 4% of water samples of
both the seasons fall under the category of Na'-
HCO:3 type; such waters deposit residual sodium car-
bonate in irrigation and cause foaming problems in
domestic use. The water quality data are plotted on
an anion—cation balance control chart for assessing
the accuracy of results (Fig. 4). The anionic sum in
milliequivalents per liter should equal the cationic
sum in milliequivalents per liter. The solution should
be electrically neutral, although they are seldom equal
in practice. This inequality increases as the ion con-
centration increases.

Conclusions

The water quality data from the study area for both the
seasons revealed that all the samples except one in
Yanadipalle (no. 8) are suitable for various purposes.
Based on TDS, out of 51 samples collected in post-
monsoon, 33 are desirable for drinking, 16 are per-
missible for drinking and all are suitable for agricul-
tural purposes; in pre-monsoon, out of 46 samples
collected 39 are desirable for drinking, 6 samples are
permissible for drinking, and all are suitable for agri-
cultural purposes. Irrigation waters classified based on
SAR has indicated that both post- and pre-monsoon
are excellent. Wilcox classification has revealed that
most of the samples fall under the excellent to per-
missible category and one sample fall under the per-
missible to doubtful category for both post- and pre-
monsoon seasons. As per the PI values, the ground
waters of both seasons are classified as good to excel-
lent. The positive values of chloroalkaline indices are
indicating as a cation-anion exchange reaction and
negative values indicating that the host rocks are pri-
mary sources of dissolved solids in the water. Distri-
bution of the groundwater samples in different
subdivisions of rectangular diagram reveals that about
75% of the groundwater samples in both seasons fall
under the calcium-magnesium-bicarbonate category
(such water has temporary hardness) and remaining
samples fall under the calcium-magnesium—chloride
(such water has permanent hardness). The seasonal
variation in groundwater quality is due to agricultural
and domestic activities through infiltration and perco-
lation during monsoon. The overall quality of
groundwater in upper Gunjanaeru River basin is con-
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trolled by lithology apart from other local environ-
mental conditions.

Acknowledgments The author is highly thankful to the Alex-
ander von Humboldt Foundation, Germany, for equipment
donation for carrying out the research studies of this kind. Au-
thor is also grateful to Prof. T.V. Krishna Reddy, Department of
Geology, S.V. University, Tirupati, for his help and valuable
suggestions.

References

Amadi UMP, Amadi PA (1990) Salt water migration in the
coastal aquifers of southern Nigeria. J Min Geol 26:35-44

Chadha DK (1999) A proposed new diagram for geochemical
classification of natural waters and interpretation of chem-
ical data. Hydrogeol J 7:431-439

Davis SN, De Wiest RIM (1966) Hydrogeology, vol 463. Wiley,
New York

Day BA, Nightingale HI (1984) Relationship between ground-
water silica, total dissolved solids and specific electrical
conductivity. Groundwater 22(1):80-85

Doneen LD (1964) Notes on water quality in Agriculture.
Published as a Water Science and Engineering Paper 4001,
Department of Water Sciences and Engineering, University
of California

Eaton FM (1950) Significance of carbonate in irrigation water.
Soil Sci 69(2):123-133

Hem JD (1985) Study and interpretation of the chemical
characteristics of natural water. US Geol Surv Water Supply
Paper—2254, 264

Janardhana Raju N (1991) Hydrogeology of the upper Gunj-
anaeru River basin, Cuddapah District, Andhra Pradesh,
India. Unpublished PhD Thesis, SV University, Tirupati,
177p

Janardhana Raju N, Reddy TVK, Reddy SS, Nayudu PT (1990)
Regression models between total dissolved solids (TDS),
silica (SiO,) and specific electrical conductivity (SEC) for
well waters of upper Gunjanaeru River basin, Cuddapah
District, Andhra Pradesh. Indian Water Works Assoc
XXTI1(1):123-126

Janardhana Raju N, Reddy TVK, Kotaiah B, Nayudu PT (1992)
A study on seasonal variations of groundwater quality in
upper Gunjanaeru River basin, Cuddapah district, Andhra
Pradesh. Fresenius Envir Bull 1:98-103

@ Springer

Johnson CC (1979) Land application of Waste—an accident
waiting to happen. Groundwater 17(1):69-72

Lyons W, Lent RM, Djukic N, Maletin S, Pujin V, Carey AE
(1992) Geochemistry of surface waters of Vojvodina,
Yugoslavia. J Hydrol 137:33-55

Narayana A, Suresh G (1989) Chemical quality of groundwater
of Mangalore City, Karnataka. Indian J Environ Health
31(3):228-236

Offiong OE, Edet AE (1998) Water quality assessment in
Akpabuyo, Cross River basin, South-Eastern Nigeria.
Environ Geol 34:167-174

Petrovic G (1980) Physo-chemical aspects of alkaline ponds in
Yugoslavia. In: Dokuli SM, Metz M, Jewson D (eds)
Development in Hydrobiology, pp 89-95

Raghunath HM (1982) Groundwater, vol 456. Wiley Eastern
Limited, New Delhi

Ramesh R, Shiv Kumar K, Eswaramoorthy S, Purvaja GR (1995)
Migration and contamination of major and trace elements in
groundwater of Madras City, India. Environ Geol 25:126—
136

Richards LA (1954) Diagnosis and improvement of saline alkali
soils: Agriculture, vol 160. Handbook 60, US Department of
Agriculture, Washington DC

Sastri JCV (1994) Groundwater chemical quality in river basins,
hydrogeochemical facies and hydrogeochemical modeling.
Lecture notes—refresher course conducted by school of
Earth Sciences. Bharathidasan University, Thiruchirapalli,
Tamil Nadu, India

Schoeller H (1967) Qualitative evaluation of groundwater
resources. In: Methods and techniques of groundwater
investigation and development. Water Research, Series-33,
UNESCO, pp 44-52

Sreedevi PD (2004) Groundwater quality of Pageru River basin,
Cuddapah District, Andhra Pradesh. J Geol Soc India
64:619-636

Stallard RF, Edmond JM (1983) Geochemistry of the Amazon 2.
The influence of geology and weathering environment on
the dissolved load. J Geophys Res 88:9671-9688

US Salinity Laboratory (1954) Diagnosis and improvement of
saline and alkali soils. Agricultural Handbook No. 60.
USDA, 160 p

WHO (1984) Guidelines for drinking water quality, vol 1.
Recommendations, World Health Organisation, Geneva,
130 p

Wilcox LV (1948) The quality of water for irrigation use, vol 40.
US Department of Agriculture Technology Bulletin 962,
Washington DC



	Hydrogeochemical parameters for assessment of groundwater quality in the upper Gunjanaeru River basin, Cuddapah District, Andhra Pradesh, South India
	Abstract
	Introduction
	Results and discussion
	Sodium content
	Permeability index (PI)
	Chloroalkaline indices (CAI)
	Chemical relationships
	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


