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INTRODUCTION

Groundwater begins with precipitation that seeps into
the ground. Nevertheless, the aggregate volume of those tiny
water droplets is greater than the volume of all the lakes and
rivers of the world combined. In fact, the volume of
groundwater is estimated to be more than 30 times the
combined volume of all fresh-water lakes in the world and
more than 3,000 times the combined volume of all the world’s
streams [4]. Large scale, concentrated sources of pollution such
as industrial discharges, landfills & subsurface injection of
chemicals & hazardous wastes, are an obvious source of
groundwater pollution. The more difficult problem is
associated with diffuse sources of pollution like leaching of

agrochemicals & animal wastes subsurface discharges from

latrines & septic tanks & infiltration of polluted urban run-off

& sewage where sewerage does not exists or defunct. Hence it
is important to know the acceptable limit of hazardous loads to
crops so as to minimize the deviation from the normal growth
[16]. Study of chemical composition of groundwater can give
understanding of characteristics of irrigation water and also

their pollution status [18].

2. MATERIALS AND METHODOLOGIES
2.1 Study Area

Tubinakere industrial area is located in Mandya taluk,
Mandya district, which is 10 Km apart from Mandya, which is
surrounded with the agricultural lands. The main objective is to

study the impact of industrial wastewater on groundwater
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quality and specific objectives was to collect and characterize
the groundwater samples for various parameters for both
domestic and agricultural bore wells to assess the groundwater

quality status for irrigation.

l Tubinkere Industrial Area, Kamataka 571434

Tubinkere Industrial Area ' *

O Industrial area samples A Domestic water samples * Agricultural area samples

Figure 1: Sampling points indication in Google map.

2.2 Sample Collection and Analysis

The site selection was divided into 4 zones namely at the
industrial area (6 samples), 0.5Km and 1Km away from
industrial area (6 samples from agricultural lands) and 2 Km
away from industrial area (4 samples from Tubinakere and
Kalenalli villages domestic bore wells). The water samples
were collected in 15 days intervals of 6 trails totally 96
samples and were analyzed as per the guidelines of APHA
(1998). The results are shown in Table 1 below.

3. RESULTS AND DISCUSSIONS

The groundwater samples were collected to analyze
its chemical properties to check its suitability for irrigation as
per the studies and classifications. The study reveals the study
on drinking quality reconnaissance by means of water quality
index and irrigation water quality reconnaissance through ion
CITHCO3

percentage, Kelley’s ratio, Residual Sodium Bi-Carbonate and

exchange, potential salinity, ratio, sodium
magnesium hazard. The results are discussed and tabulated in

the Table 1.

3.1 lon Exchange
Chloro-alkaline indices | and 1l (CAI-1 and CAI-2)
help in determining the ion exchange process in groundwater

[11]. It is calculated using the formulae:

(Nat + K7%)
CAI1 = ClIm" ———— (D)
Cl
(Nat+k%)
( 504%™+ HCO3~+ CO3%™+ NO3™)

CAI2 = ClI” — 2

All values are measured in meg/l. When there is an exchange
between sodium or potassium in groundwater with calcium or
magnesium in the aquifer material, CAl | and Il are positive
and it indicates reverse ion exchange. During ion exchange
process, there is exchange between calcium or magnesium in
groundwater with sodium or potassium in the formation. In this
case both the indices are positive except the sample 9 which
undergo ion exchange. This observation indicates that the

reverse ion exchange is the leading process in the groundwater.

3.2 Potential Salinity

The suitability of water for irrigation is not dependent
on soluble salts. Because, the low solubility salts precipitate in
the soil and accumulate with successive irrigation, the
concentration of highly soluble salts increases the soil salinity
[3]. Potential salinity is defined as the chloride concentration

plus half of the sulfate concentration as showed below:
P:S = Cl” +%5042‘ 3)

All ionic concentration is in meg/L. The potential salinity of
the water samples range from 0.83 to 21.34 meqg/L (Table 1).
The potential salinity in the groundwater of the studied area
nearly is high, thus, making the water unsuitable for irrigation
usage. High values of potential salinity in the area can be
ascribed to high chloride content since the industrial area

which might contribute the effluents which potentially

increases the salinity value.

3.3 CI'/THCO; Ratio

The salinization amount in the groundwater can be
classified using the CI'/THCOj ratio ratios [9]. The CITHCO3
ratio was computed for the groundwater samples of the study
area and given in Table 2 below. The four groundwater
samples in the study area having less than 0.5 CI'/HCOj’ ratio
ratios are not affected by salinization. All the other
groundwater samples in the study area are in slight to moderate
salinity affected range. However, the values of CI'/HCOj;’ ratio
high in some stations do not indicate the seawater intrusion

[14].
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Table 1: Average concentration of cations, anions and other groundwater quality illustrations for status of irrigation

NO | Ca Mg Na K HC Cl SO, | NO; PS ClI" | %Na | KR | MH, | RSB | CAI- | CAI-
(O /HC % C 1 2
O35

S; | 044 | 0.18 | 0.46 | 0.04 | 3.57 0.5 151 | 044 | 083 | 0.14 | 446 | 0.74 | 29.03 | 3.13 0.0 0.0

S, | 048 | 081 | 047 | 0.04 | 293 | 064 | 141 | 051 | 099 | 0.21 | 28.33 | 0.36 | 62.79 | 245 | 0.20 0.02

S; | 080 | 086 | 1.03 | 0.19 | 3.20 | 478 | 237 | 0.54 | 499 | 149 | 4236 | 0.62 | 51.8 24 0.74 0.58

Sy | 177 | 176 | 1.35 | 0.16 | 458 | 10.33 | 2.63 | 0.53 | 10.52 | 2.25 | 29.96 | 0.38 | 49.85 | 2.81 | 0.85 1.14

S; | 086 | 0.18 | 1.26 | 0.08 | 3.94 | 573 | 150 | 0.46 | 6.06 | 145 | 563 | 1.21 | 173 | 3.08 | 0.76 0.74

S¢ | 219 | 181 | 1.75 | 0.25 | 4.12 | 13.75 | 253 | 0.44 | 1394 | 3.34 | 33.33 | 043 | 4525 | 1.93 | 0.85 1.65

S; | 132 | 0.76 | 0.36 | 0.06 | 583 | 3.96 | 1.57 | 0.35 | 427 | 0.68 | 168 | 0.17 | 36.53 | 451 | 0.89 | 045

Sg | 0.81 | 054 | 033 | 0.05 | 413 | 428 | 216 | 042 | 451 | 1.03 | 21.97 | 0.24 | 40.0 | 3.32 | 091 0.58

Sy | 065 | 053 | 645 | 0.06 | 3.43 | 587 | 331 | 037 | 6.02 | 1.71 | 84.65 | 546 | 4491 | 278 | -0.11 | -0.09

Sio | 490 | 0.86 | 042 | 0.05 | 423 | 21.17 | 2.83 | 0.57 | 21.34 | 50 754 | 0.07 | 14.93 - 0.97 271
0.67

Siy | 574 | 153 | 0.95 | 0.05 | 415 | 1150 | 255 | 0.51 | 11.69 | 2.77 | 12.09 | 0.13 | 21.04 - 0.91 1.45
1.59

S, | 479 | 1.76 | 0.35 | 0.04 | 3.42 | 1765 | 3.90 | 0.62 | 17.78 | 516 | 5.62 | 0.05 | 26.87 - 0.97 2.17
1.37

Si3 | 111 | 046 | 0.36 | 0.06 | 460 | 149 | 246 | 041 | 169 | 032 | 21.11 | 0.23 | 29.29 | 349 | 0.71 0.14

Sy | 060 | 056 | 0.36 | 0.06 | 437 | 220 | 232 | 043 | 241 05 | 2658 | 0.31 | 48.27 | 3.77 | 0.81 0.25

Sis | 134 | 052 | 0.32 | 0.06 | 4.38 1.7 296 | 048 | 186 | 0.38 | 16.96 | 0.17 | 27.95 | 3.04 | 0.77 | 0.16

S | 1.47 | 053 | 0.34 | 0.06 | 418 | 253 | 295 | 041 | 2.69 06 | 1666 | 0.17 | 265 | 2.71 | 0.84 0.28

* PS-potential salinity, %Na- percentage sodium, KR- Kelley’s ratio, MH-Magnesium Hazard (in %), RSBC-Residual Sodium
Bicarbonate, CAI-1&2- Chloro-Alkaline Indices 1&2.

S; to Sg = Industrial bore wells; S; to S;,= Agricultural bore wells; S13t0 5= Domestic bore wells.

Table 2: Classification of irrigation water on the basis of CI’ 3.4 Percentage Sodium
/HCOq ratio Sodium concentration in groundwater is a very
Classification cr Sample points of bore important parameter in determining the irrigation quality.
/H(iQs' wells The formula used for calculating the sodium percentage was
ratio
+ et
ratio % Na = (Na”+K™) 4)
Not affected <05 121315 Ca®® +Mg™*t +Na¥ +K*
waters Where all the ionic concentrations are in meg/l. The
Slightly to 0.5-6.6 | 3456,78091011,12,14,16 determined valued of sodium percentage lies between 5.62
moderately
affected waters and 84.65. The maximum allowable limit of sodium
Severely >6.6 - . . N
ercentage in groundwater is 60 % [10]. In irrigation water
affected waters P g g 6 [10] g

if the sodium concentration became high, sodium ions tends

to replace the Mg®* and Ca*" ions by absorbed clay particles.
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Hence, water and air circulation is restricted during wet
conditions, and such soils become hard in dry conditions [1],
[12], [13]. Chemical weathering of rock forming minerals,
dissolution—precipitation of secondary carbonates, and ion
exchange between water and clay minerals are some of the
general reactions responsible for the geochemical
constitution of the groundwater. Dissolution of both primary
silicate and carbonate minerals may lead to the increase of
calcium, sodium, magnesium, and bicarbonate, which
increase the value of pH [8]. The low sodium in some of the
samples is due to the ion exchange with calcium and
magnesium in clays, which is common in saline

groundwater [2].

Table 3: Classification of irrigation water on the basis of

percentage sodium.

Class % Na % Na for study
(standard) area(observed)
Excellent <20 5.62-16.96 (samples 7,
water 10, 11,12, 15,16)
Good water 20-40 21.11-33.33 (samples
2,4,6,8,13,14)
Permissible 40-60 42.36-56.3 (Samples
water 1,3,5)
Doubtful 60-80 -
water
Unsuitable >80 84.65 (Sample 9)
water

3.5 Kelley’s ratio (KR)

Kelley’s ratio was used to classify the irrigation
water quality [6], which is the level of Na* measured against
calcium and magnesium. The formula for calculating the

Kelley’s ratio is as follows:

_ Na*
(Ca2+ + Mgz+)

KR (5)

Where the concentration of ions are in meg/L. Kelley’s
ratios for all the groundwater samples are calculated and it
lies between 0.05 and 5.46 meq/L. Kelley’s ratio value less
than one is suitable for irrigation and more than one is
unsuitable [14], [15]. According to this classification, all the
samples were suitable for irrigation except the samples Sg
and Sq.

3.6 Residual Sodium Bicarbonate (RSBC)

The RSBC is calculated by the following equation
[5].

RSBC = HCO;~ — Ca?* (6)

Where concentrations are expressed in meg/L.
Gupta and Gupta (1987) classified water on the basis of
“RSBC’’. RSBC was classified as satisfactory (<5 meq/L),
marginal (5-10 meqg/L) and unsatisfactory (>10 meq/L) [5].
The calculated values of ““RSBC’’ are presented in table 1
for all the groundwater samples. The RSBC of groundwater
samples ranged from -1.59 to 4.51 meg/L. According to the
RSBC values, all groundwater samples collected were found
to be satisfactory (<5 meg/L) according to the criteria set by
[5]. The RSBC values are <5 meg/L and are therefore

considered safe for irrigation purposes.

3.7 Magnesium Hazard (MH)

In most waters calcium and magnesium maintains a
state of equilibrium. A ratio namely index of magnesium
hazard was developed by [7]. According to this, high
magnesium hazard value (>50 %) has an adverse affect on

the crop yield as the soil becomes more alkaline.

(7)
In the study area the magnesium hazard values falls in the

range of 14.93 to 62.79 % (Table 1). In the study area, all
the samples collected showed MH ratio <50 % (suitable for

Mg2+
MH = —————
100+ (Ca2+* + Mg2+)

irrigation) while two of them (samples 2 and 3) falls in the
unsuitable category with magnesium hazard >50 %. The
evaluation illustrates that >50% MH samples can cause

adverse effect on the agricultural yield.

4. CONCLUSIONS

The study concluded with 94% of the samples were leading
to reverse ion exchange, potential salinity was slightly high
making groundwater samples unfit for irrigation purpose.
CI'/HCOj5  ratio showed that 75% of samples are slightly to
moderately affected for irrigation uses. The classification
based on percentage sodium falls as excellent and good
waters. 87% were suitable for irrigation as per Kelley’s
ratio. Magnesium hazard and RSBC results showed that

groundwater was safe for irrigation purposes. The potential

Latha L et al

www.ijetst.in

Page 756




IJETST- Volume||01||Issuel||05||Pages 753-757|[July|[ISSN 2348-9480

salinity and CI'/HCOj5 ratio study showed that groundwater 11. Schoeller H (1965) Qualitative evaluation of groundwater

quality was unfit for irrigation purpose. resources. In: methods and techniques of groundwater
investigations and development, UNESCO, 99 54-63.

12. Saleh A, Al-Ruwaih F, Shehata M  (1999)
Hydrogeochemical processes operating within the main
aquifers of Kuwait. J Arid Environ 42:195-209

13. Subramani T, Elango L, Damodarasamy SR (2005)

Groundwater quality and its suitability for drinking and
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