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ABSTRACT

Underground gold mining at Kolar Gold Fields (KGF), Karnataka was carried out for
more than a century, which disturbed the groundwater aquifers. In addition, leaching
from mill tailings dumps has also been contaminating groundwater in this area. The
aim of the study was to assess the groundwater quality and its suitability for irrigation
purpose. This study assessed the groundwater quality in different land use systems
agriculture, horticulture, barren and forest around KGF to evaluate its suitability for
irrigation purposes. It was found that the pH of groundwater samples ranged between
5.52 to 7.81, indicating slightly acidic to neutral conditions. Cation concentrations
followed the order Na" > Ca?" > Mg?" > K*, with sodium being dominant, while
bicarbonates were the major anions (HCO,> CI > SO,> > CO.*). Electrical
conductivity (EC) values varied between 198 and 2156 pS cm™, with 25 per cent
samples exceeding WHO limits, largely due to fertilizer application, mining effluents
and sewage inflows. Salinity hazard analysis revealed that 72 per cent of samples fell
under high salinity (C3), posing risks to sensitive crops. However, sodium absorption
ratio (SAR) values placed all samples under the excellent category (S1). Residual
sodium carbonate (RSC) values indicated that 13-53 per cent of samples across land
use systems fell under high alkalinity, suggesting risks of sodium accumulation in
soils. Asper Kelly’s index 68 per cent of samples were found to be suitable for irrigation,
while the permeability index (PI) indicated good groundwater efficiency for irrigation
(25-75%). Overall, the study concludes that groundwater in the KGF region remains
moderately suitable for irrigation, though localized risks of salinity, alkalinity and
heavy metal contamination persist.

Keywords : Ground water aquifers, Heavy metals, Kolar gold fields, Land use systems, Water quality Mining dumps

RAPID urbanization and industrialization have led
to large amounts of toxic contaminants being
released into the environment worldwide. Some of
these contaminants occur naturally, but anthropogenic
sources, especially mining activities, have contributed
significantly to their increase. However, developing
countries like India, due to lack of high-profile
industrial techniques and equipment, eluting effluents
from the industrial process may contain various
hazardous substances which greatly affect the

environmental and human health (Ramappa and
Munniswamy, 2017). Large quantities of waste are
produced during mining activity, particularly in gold
mines which release over 99 per cent of extracted ore
as waste to the environment mainly as tailings
primarily consist of sand, silt and clay sized materials
with chemicals and process water.

The tailings contain many heavy metals, some of
which are toxic contaminants in the water bodies that
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may cause adverse effect on the ecosystem around
the metal mines. Therefore, contamination of water
bodies by heavy metals is a primary concern in the
mining sites because of their toxicity, persistence. The
continuous impacts of mining activities are land
erosion and water pollution (Kinimo et al., 2018).
Enormous solid wastes with high risks to acid
generation and heavy metal leaching may cause
contamination of surface water and groundwater
during mining operation or even long after mine
closure (Shu et al., 2001). Consequently, AMD
significantly impacts water quality and natural
ecosystems (Hu, 1998).

The Kolar Gold Fields (KGF) mines are seated
towards the southern end of a narrow strip of schist
in the Kolar district of Karnataka. At KGF, gold has
been mined to a depth of 3 km below the surface with
650 km of tunnel work and mining was carried out
over 120 years and about 40 million tonnes of mill
tailings were accumulated. The Kolar Gold Fields,
once a major centre of gold mining activity, have left
behind large volumes of mine tailings and acid mine
drainage (AMD), which continue to act as long-term
sources of groundwater contamination. The
percolation of acidic effluents and leachates enriched
with dissolved metals from these mine residues has
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significantly affected the quality of groundwater in
the surrounding areas. Groundwater, being the primary
source of drinking water and irrigation in the Kolar
District, is highly susceptible to such contamination,
resulting in potential health risks and limitations for
its safe utilization. Even decades after the cessation
of mining operations, the legacy of AMD and tailings
continues to impair the hydro chemical characteristics
of aquifers, raising concerns regarding the
sustainability of water resources in this region. In view
of this, a detailed study was undertaken with the
objective of assessing the quality of groundwater with
a hypothesis weather it is suitable for irrigation or
not, under different land use systems in the post-
mining areas of Kolar District, Karnataka.

MATERIAL AND METHODS

Sampling Locations

Kolar Gold Fields (KGF) is a significant historical
and mining region located in the KGF taluk of Kolar
district in Karnataka, India. Positioned at
approximately 12.9617 °N latitude and 78.2707 °E
longitude (Fig. 1). A detailed survey was carried out
within KGF to identify ground water resources in
different land use systems of KGF. Four land use
systems agriculture land use system (ALUS),

KOLAR

Kolar Gold Fields
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Fig. 1 : Kolar District map
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horticulture land use system (HLUS), barren land use
system (BLUS) and forest land use system (FLUS)
were identified for collecting ground water samples
Source (Roy et al., 2012).

Collection of Water Samples

Water samples (groundwater) were collected from
different sources viz., borewells, dug wells and water
bodies along the different land use systems of Kolar
gold fields. Fifteen (15) groundwater samples
(borewell) in each land use system agriculture land
use system (ALUS), horticulture land use system
(HLUS), barren land use system (BLUS) and forest
land use system (FLUS) were collected. Total sixty
(60) ground water samples were collected from all
the land use systems and coordinates data are
mentioned in Table 1. Water samples were collected
in clean polythene bottles. The samples were collected
in different seasons like post-monsoon (October-
November). The samples collected were brought to
the laboratory at UAS, GKVK, Bengaluru for detailed
analysis. pH and EC were estimated by potentiometric
and conductometric methods as proposed by (Jackson,

1973). Sodium and potassium were measured by flame
photometry (Jackson, 1973). Calcium and magnesium
were determined with Versenate titration method
(Page et al., 1982). Carbonates, bicarbonates and
chlorides were estimated by titration method
(Jackson, 1973). Sulphates were estimated through
turbidometric method (Black, 1965). Heavy metals
(Pb, Cd, Ni and As) were estimated by atomic
absorption spectrophotometry by (Lindsay and
Norwell, 1978). Sodium Adsorption Ratio (SAR),
Residual Sodium Bicarbonates (RSC), Kelly’s ratio
(KR), Permeability index (PI) and per cent sodium
were computed using standard formulae:

Sodicity Hazard: Sodium Adsorption Ratio (SAR)

SAR values of the water samples were calculated
as follows and all ionic concentrations are expressed
in mg L' (Sposito and Mattigod, 1977).

Na™*

SAR = ,Ca+2 + Mgt2
2

TaBLE 1

Coordinates of ground water samples of different land use systems

Agriculture land use system  Horticulture land use system

Barren land use system Forest land use system

Latitude (N)  Longitude  Latitude (N)  Longitude Latitude (N)  Longitude Latitude (N)  Longitude
(Degree (E) (Degree (Degree (E) (Degree (Degree (E) (Degree (Degree (E) (Degree

decimals) decimals) decimals) decimals) decimals) decimals) decimals) decimals)
12°28' 45" 78°30'41" 12°98' 62> 78°26'61"” 12°28'25" 78° 30" 44" 12°98' 61" 78°30' 65"
12°31'56" 78°30'56" 12°98'21" 78° 30' 64" 12°28'22" 78°30'07" 12°97' 43" 78°28'22"
12°45"41" 78°30'21" 12° 98' 54" 78°30'22" 12°27'26" 78°28' 54" 12°97' 31" 78°28'24"
12°22"18" 78°28'63" 12°97' 12" 78° 28'95" 12027 72" 78°28' 58" 12° 98' 54" 78°28'12"
12°19' 56" 78°28'21" 12°97' 12" 78°28'25" 12° 45" 85" 78°27"' 57" 12°97' 64" 78° 24" 45"
12°21'41" 78°28' 45" 12°98' 15" 78°27'22" 12°31' 53" 78° 27" 60" 12°98' 34" 78°52'25"
12°21'53" 78° 27" 24" 12°98' 56" 78°27' 21" 12°62'41" 78° 27" 657 12°97' 65" 78°42'41"
12°22'50" 78°27'62” 12°97' 14" 78° 27" 12" 12°52'41" 78° 27" 64" 12°97' 74" 78°56' 38"
12°11'137 78°27' 71" 12°97' 45" 78°27'23" 12° 55' 48" 78°27' 47" 12°98' 28" 78°41' 74"
12°21"41" 78°27'56" 12°97" 47" 78°27' 24" 12°41'78" 78°26' 24" 12°72' 34" 78°45' 56"
12°21'53" 78° 27" 85" 12°97' 58" 78°26'58" 13°12' 54" 78°26'41" 12°97' 56" 78° 95' 54"
13°22"18" 78°26"'41" 13°12' 54" 78°26'56" 13°11' 65" 78°26' 45" 12°21'78" 78°56'47"
13°19' 56" 78°26' 89" 13°12'58" 78°26' 06" 12°41'31" 78°27' 65" 12°98' 34" 78° 54' 56"
12°21'41" 78°26'42" 12°98' 47" 78°26' 14" 12°23' 76" 78°26' 87" 12°98' 89" 78°94' 47"
12°21'39" 78°26' 87" 12°98' 89" 78°26' 18" 12°25' 89" 78°30' 12" 12°97' 25" 78°54'21"
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Alkalinity Index : Residual sodium carbonate (RSC)

RSC values of the water samples were calculated after
the analysis of the samples for different chemical
constituents as follows (Eaton, 1950).

RSC = (CO,? + HCO,) — (Ca + Mg?)

Kelly’s Ratio/ Index : KI was calculated using the
equation given below.

Nat
Ca+2 + Mg+2

Permeability Index (PI):

PI of water samples were calculated using the
following formula.

Na* + \/JHCO3
PI= x 100
(Ca*? + Mg*2 + Nat)
Per cent sodium
+
Na (%) = Na <100

(Ca*? + Mg*? 4+ Na* + K*)

RESULTS AND DISCUSSION

Water quality parameters like pH, EC, cations, anionic
concentration and heavy metal contents of ground
water are presented in Table 2. SAR, RSC, K1, Pl and
per cent Na are presented in Table 3 and Table 4.

pH

The pH of water samples in different land use systems
in the range of 5.52 to 7.81, 5.65 to 7.76, 5.88 to 6.85
and 7.06 to 7.75 with an average value of 7.23, 7.10,
6.31 and 7.21 in agriculture, horticulture, barren and
forest land use systems, respectively (Table 2) and
(Fig. 2). The pH of groundwater in different land use
systems are in the range of slightly acidic to neutral.
Though the pH of most of the samples did not exceed
the standards prescribed for drinking, irrigation as well
as for livestock use, there is every possibility that the
values would reach the undesirable limits in
groundwater bodies (BIS, 2012), considering the
changes in the intensity of cultivation practices
extending into mining zone in the due course of time.
This indicates that the sampled groundwater is slightly
acidic to alkaline.

7.4

7.2

7

6.8
< 6.6
6.4
6.2

6
5.8
Agriculture Horticulture Barrenland  Forest land
land use land use use system use system
system system

Land use systems

Fig. 2 : pH of ground water samples of different land use systems
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TABLE 3

Ground water irrigation quality parameters under different land use systems of
Kolar district, Karnataka

. Agriculture land use Horticulture land use Barren land use Forest land use
Quality

Parameters system (n=15) system (n=15) system (n=15) system (n=15)
Range Mean Range Mean Range Mean Range Mean
SAR (mg 1) 1.31-2.87 2.11 0.66-3.53 1.86 0.52-2.70 1.51 0.66-3.45 2.01
RSC (mg 1) 0.14-4.95 2.28 0.02-4.65 1.67 0.02-6.25 2.08 0.17-2.78 1.08
KI 0.39-1.76 0.82 0.21-1.78 0.84 0.21-1.33 0.73 0.28-1.58 1.06
PI (%) 41.96-88.95 60.68 42.87-81.53 63.55 45.57-80.98 66.89 48.58-88.11 69.80
Na (%) 27.46-62.96 42.28 17.38-63.10 41.98 16.80-56.44 39.59 21.18-68.09 46.75

TABLE 4

One-way statistical analysis of ground water irrigation quality parameters under different
land use systems of Kolar district, Karnataka

Between land use

Fig. 3 : EC of ground water samples of different land use systems

Quality Agriculture Horticulture Barren LUS+ Forest LUS+ systems
LUS + SD LUS = SD _ _
parameters (n=30) (n=30) SD (n=30) SD (n=30) SEm LSD*
= (p=0.05)
SAR (mg 1) 2.11* £ 0.59 1.86* + 0.81 1.51* £0.68 2.01° £0.94 0.206 NS
RSC (mg 1) 2.28% £ 1.96 1.67° + 1.88 2.08%+2.03 1.08° £0.91 0.470 NS
KI 0.82* + 0.39 0.84°+ 0.46 0.73°+0.32 1.06* +£0.57 0.120 NS
PI (%) 60.68° + 12.75  63.55°+ 1091  66.89°+11.94  69.80* £12.19 3.19 NS
Na (%) 4228+ 1041 41.98°+ 1237  39.59°+11.17  46.75° +14.81 3.28 NS
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Electrical Conductivity (uS cm™)

Electrical conductivity indicates the amount of total
dissolved salts present in water samples (Harilal
et al., 2004). EC values were observed in the
agriculture, horticulture, barren and forest land use
systems were in the range of 245- 2156 uS cm”,
205-2054 puS cm!, 325- 1524 uS cm™ and 198 - 1125
uS cm, respectively (Table 2) and (Fig 3). Higher
values of EC were observed in agriculture land use
system; this might be due to uses of fertilizers which
dissolvesions and increases the EC and use of poor-
quality irrigation water had resulted in accumulation
of salts. Ground water samples recorded higher
number of salts and it’s attributed to the high degree
of anthropogenic activities such as mining waste
disposal, sewage inflow and agriculture runoff (Pandit,
2002). Significant increase in conductivity could be
an indicator that a discharge or some other source of
pollution has entered in a stream (Singh and Hussian,
2016). Electrical conductivity values are more
influenced by physical (climate, hydrology) and
chemical factors (local geology, mineral solubility)
and by human impacts (use of fertilisers, changes in
vegetation) compared to biological factors (Pedrosa
and Rezende, 1999) and (Lekhashree et al., 2016).

Cation Concentration (Ca, Mg, K and Na)

The concentration of cation was in the ascending order
of Na™> Ca?™> Mg*> K" in groundwater of different
land use systems in Kolar gold mining area. The
sodium ion is dominant cation in the ground and
surface water and its concentration in ground
water ranged between 68 to 179, 42-165, 30-154 and
24 to 146 mg 1! (Table 2) with a mean of 132,
97.82,74.90 and 90 mg 1! in agriculture, horticulture,
barren and forest land use systems respectively
(Fig. 4). The overall quality of ground water in the
study area varied from 24 to 179 mg 1! with a mean
of 98.75 mg I,

The second most dominant cation is calcium.
The calcium concentration of the groundwater
samples in the study area varied from 19 to 138mg I-
'with an average value of 63.81mg 1! (Table 2). The
range of Ca content in groundwater varied along
agriculture, horticulture, barren and forest land use
systems with a range of 33 to 138,41 to 119,19 to 73
and 22-75 mg 1! with mean of 88.67, 74.30, 49.34
and 42.93 mgl”', respectively. The higher calcium in
ground water samples was due to calcium carbonate
minerals deposited in the aquifer matrix (Gultekin,
1998).

b

140
120

—
= - —
=R — T —
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20

Agriculture

Ui

Horticulture
land use system land use system

Land use systms

ECa mMg mK ®mNa

~

Barren land use Forest land use
system system

Fig. 4: Cationic concentration of ground water samples of different land use systems
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The third most dominant cation is Mg. Compared to
calcium, the Mg ion concentration in the samples were
low, with a range of 9 to 102mg 1! and an average of
30.07mg 1" (Table 2) in groundwater samples. The
magnesium concentration of the groundwater samples
in the study area varied between 12 to 102, 12 to 48,
9 to 74 and 13 to 41mg 1! (Table 2) with mean of
45.14, 24.11, 27.50 and 23.54mg 1! (Fig. 5) in
agriculture, horticulture, barren and forest land use
systems, respectively.

Potassium is the fourth most dominant cation in the
study area. The potassium concentration in the
groundwater samples varied between 7.98, 4.93, 4.20
and 4.40mg 1!, in agriculture, horticulture, barren and
forest land use systems, respectively (Table 2). The
range of potassium in groundwater varied between
4.85t0 12.06, 2.33 to 7.17, 1.63 to 7.21 and 1.12 to
7.10mg 1! in agriculture, horticulture, barren and
forest land use systems, respectively. In the overall
groundwater samples, potassium content in the study
area was within the range of 1.12 to 12.06mg 1" with
an average of 5.38mg 1",

Anions Concentration (CO,, HCO,, CI, SO,?)

The order of the major anions according to their
abundance in the study area is HCO,> CI> SO,>>

CO,? with bicarbonates as the dominant anion in
ground water samples of mining areas. Carbonate and
bicarbonate ions, which are the main components of
alkalinity, merged in soil with calcium or magnesium
and precipitates as calcium carbonate (CaCO,) and
magnesium carbonate (MgCO,). The concentration of
CO,?and HCO; in the groundwater samples varied
between 183 to 658, 112 to 540, 69 to 412 and 101 to
256mg 1" and 24 to 240, 18 to 164, 18 to 412 and 14
to 120 mg 1", respectively with a mean of 353.93,
261.80,247.06 and 172.46 mg 1" and 140.20, 93.26,
77.80 and 71.06 mg 1! in agriculture, horticulture,
barren and forest land use systems, respectively. They
were within the permissible limit according to
(BIS, 2012).

Chloride is the second dominant anion in the study
area. In the present study chloride concentration in
groundwater ranged from 129 to 356, 113 to 314, 89
to 203 and 84 to 185mg 1! with a mean value 0f236.67,
215.40, 143.54 and 127.27mg 1! in agriculture,
horticulture, barren and forest land use systems,
respectively (Table 2).

The concentration of sulphates in groundwater
samples varied between 125 to 248, 68 to 229, 88 to
173 and 55 to 141mg 1! with a mean of 179.75, 156.78,
131.10 and 100.78mg 1! in agriculture, horticulture,

Agriculture

® Carbonates

g

= 200

=

2 150

=

< 100
50

Horticulture
land use system land use system

Land use systems

u Bicarbonates

Barren land  Forest land use
use system system
® Chlorides ® Sulphates

Fig. 5 : Anionic concentration of ground water samples of different land use systems
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barren and forest land use systems, respectively
(Table 2). The overall concentration of sulphates in
the groundwater of the study area is within the range
of 55 to 248mg 1! with an average of 142.10mg 1.
The sulphate concentrations of the maximum ground
water samples were elevated but not higher than the
maximum allowable limit of 200 mg 1! (BIS, 2012).

Heavy Metal Concentration

The range of nickel in groundwater varied from
0.20t0 0.34 in agriculture, 0.10 to 0.31 in horticulture,
0.10 to 0.28 in barren and 0.10 to 0.18 mg 1! in forest
land use systems with an average value 0 0.27, 0.19,
0.18 and 0.09mg I!in agriculture, horticulture, barren
and forest land use systems, respectively (Table 2)
and (Fig. 6). The cadmium content in groundwater
varied with 0.04 to 0.08, 0.04 to 0.05, 0.02 to 0.05
and 0.03 to 0.06mg 1" with mean of 0.05, 0.04, 0.03
and 0.04mg 1"'in agriculture, horticulture, barren and
forest land use systems, respectively (Table 2). Lead
concentration in groundwater varied with 0.07 to 0.41,
0.05t0 0.32, 0.06 to 0.25 and 0.02 to 0.23mg 1! with
mean 0f 0.25, 0.18, 0.14 and 0.11mg I"'in agriculture,
horticulture, barren and forest land use systems,
respectively (Table 2). The concentration of arsenic
in groundwater varied with 0.02 to 0.04, 0.01 to 0.03,

0.01 t0 0.04 and 0.01 to 0.02mg I'! with mean of 0.03,
0.02, 0.02 and 0.02mg 1" in agriculture, horticulture,
barren and forest land use systems, respectively

(Fig. 6).

Agriculture land use system was found to be higher
in heavy metal content when compared to all land use
systems. Though heavy metal concentration is within
the prescribed standards for drinking and irrigation
uses, results indicated that they were fast increasing
to alarming levels for all selected end uses in all land
use systems. Gold ores frequently occur alongside
sulphide minerals like pyrite, sphalerite and galena
which exposed to air and water and generate sulphuric
acid. This acid dissolves metals like As, Pb, Cu, Zn,
Ni, Fe and Mn into water system (Baneh ef al., 2024)
and (Suchitra et al., 2011).(Chakraborti et al.,2013)
in Kolar’s greenstone belt (Mangalur region) report
extremely elevated arsenic levels in groundwater.

Sodicity Hazard (Sodium Absorption Ration-
SAR: mg I'")

The calculated value of SAR in the groundwater
ranged between 1.31 to 2.87, 0.66 to 3.53, 0.52 to
2.70 and 0.66 to 3.45mg 1! (Table 3) with mean of
2.11,1.86, 1.51 and 2.01mg 1" (Table 4) in agriculture,
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un un

=

(TR

Agriculture  Horticulture  Barren land Forest land use
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Fig. 6 : Heavy metal content of ground water samples of different land use systems
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TABLE 5

Ground water quality for salinity hazard under different land use systems of
Kolar district, Karnataka

No of samples (%)

Classes Range_sl Total
(uS em™) ALUS  HLUS BLUS FLUS
C1 Low <250 0 (0) 1 (7) 0 (0) 2 (13) 309
C2 Medium 250 - 750 1 (7) 1 (7) 1(7) 11 (74) 14 (23)
C3 High 750 - 2250 14 (93) 13 (86) 14 (93) 2 (13) 43 (72)
C4 Very high > 2250 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total No. of samples 60 (100)

horticulture, barren and forest land use systems,
respectively. All ground water samples were ideal or
excellent (S1) in agriculture, horticulture, barren and
forest land use systems (Eaton, 1950). In the study
area, out of 60 samples all samples fall under class-
S1 (Table 6).

Alkalinity Hazard/ Residual Sodium Carbonate
(mg L)

The RSC in t he groundwater varied between 0.14 to
4.95,0.02 to 4.65, 0.02 to 6.25 and 0.17 to 2.78mg I-

!'(Table 3) with a mean of 2.28% 1.677, 2.08* and
1.08*'mg 1! in agriculture, horticulture, barren and
forest land use systems, respectively (Table 4). Out
of 60 ground water samples collected 3 per cent
samples were good for irrigation and classified as class
RSC- 1, 38 per cent samples were classified as class
RSC -2, 47 per cent samples were classified as class
RSC-3 and 7 per cent samples were classified as class
RSC -4 in all land use systems (Table 7). A high range
of RSC in groundwater indicates an increase in the
adsorption of sodium in soil (Eaton, 1950).

Ground water quality for sodicity hazard under different land use systems of

TABLE 6

Kolar district, Karnataka

Range No of samples (%)

Classes g Total
(mg I) ALUS  HLUS BLUS FLUS
S1 Ideal or excellent <10 15 (100) 15 (100) 15 (100) 15 (100) 60 (100)
S2 Good 10- 18 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
s3 Doubtful 18 - 26 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
sS4 Unsuitable > 26 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total No. of samples 60 (100)
TABLE 7
Ground water quality for alkalinity hazard/ index under different land
use systems of Kolar district, Karnataka
No of samples (%)
Classes Rangj: ’ Total
(mg 1) ALUS  HLUS BLUS FLUS
ClassI  Good 20 0 ) 1 (71 (7) 0 0) 2 (3)
ClassII  Permissible 20 - 40 7 (46.5) 5 (33) 6 (40) 5 (33) 23 (38)
Class III  Doubtful 40 - 60 7 (46.5) 7 (46.5) 8 (53) 6 (40) 28 (47)
Class IV Unsuitable 60 - 80 1(7) 2 (13.5) 0 (0) 4 (27) 7 (12)
Total No. of samples 60 (100)
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TABLE 8

Ground water quality for kelly’s ratio under different land use systems of Kolar district, Karnataka

No of samples (%)

Classes (ifmfl;‘?) Total

8 ALUS  HLUS BLUS FLUS
KI-I Not suitable > 1 4 (27) 4 (27) 4 (27) 7 (47) 19 (32)
KLl  Suitable <1 11 (73) 11 (73) 11 (73) 8 (53) 41 (68)
Total No. of samples 60 (100)

Kelly’s Index (KI)/ Kelly’s Ratio (KR)

Kelly’s index is an indicator to assess irrigation water
suitability, and it is free from the effect of K*
parameter, which purely depends on Ca?", Mg>" and
Na*. The average value of Kelly’s index in
groundwater was 0.82, 0.84, 0.73 and 1.06,
respectively with a range 0£0.39t0 1.76,0.21 to 1.78,
0.21 to 1.33 and 0.28 to 1.58 in agriculture,
horticulture, barren and forest land use systems,
respectively (Table 3). In the entire study area, Kelly’s
index of about 32 (19 samples) per cent of samples
were not suitable and 68 (41 samples) per cent
of samples were suitable for irrigation (KI < 1)
(Table 8). High KR in ground water samples was
reduced by adding gypsum to the water samples to
reduce the effect of Na* ion (Rawat et al., 2018).

Permeability Index (PI %)

Excess amount of Na*, Ca*’, Mg* and HCO, in
irrigation water affect soil permeability through
widespread irrigation water use (Gautam et al., 2015).
The average value of Pl in groundwater recorded was

60.68°%, 63.55%, 66.89* and 69.80* per cent in
agriculture, horticulture, barren and forest land use
systems, respectively (Table 4), which was categorized
as good class (25 - 75 %) and ranged between41.96
to 88.95, 42.87 to 81.53,45.57 to 80.98 and 48.58 to
88.11 per cent (Table 3) in agriculture, horticulture,
barren and forest land use systems, respectively (good,
PI: 25 -75 %). Permeability index range of 25 to 75
per cent indicates good irrigation efficiency of ground
water (Table 9).

Sodium Per Cent

The sodium per cent of the groundwater samples
varied from 27.46 to 62.96, 17.38 to 63.10, 16.80 to
56.44 and 21.18 to 68.09 per cent (Table 3) with an
average of 42.28, 41.98, 39.59 and 46.75 per cent
(Table 4) in agriculture, horticulture, barren and forest
land use systems, respectively (Table 2). Out of 60
ground water samples collected 3 per cent samples
were classified as good (Class I), 38 per cent samples
were classified as permissible (class II), 47 per cent
samples were classified as doubtful (Class III) and 12

TABLE 9

Ground water quality for permeability index under different land use systems of
Kolar district, Karnataka

No of samples (%)

Classes Range Total
ALUS HLUS BLUS FLUS
PI-I Suitable > 175 1 (7) 2 (13) 5 (33) 5 (33) 13 (22)
PI-IT Good 75 - 25 14 (93) 13 (87) 10 (67) 10 (67) 47 (78)
PI-IIT Unsuitable <25 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total No. of samples 60 (100)
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TABLE 10
Ground water quality for per cent sodium in Kolar gold fields, Karnataka

Range

No of samples (%)

Classes (mg 1) Total
ALUS HLUS BLUS FLUS
Class I Good 20 0 (0) 1 (7) 1(7) 0 (0) 2 (3)
Class I Permissible 20 - 40 7 (46.5) 5 (33) 6 (40) 5 (33) 23 (38)
ClassIII  Doubtful 40 - 60 7 (46.5) 7 (46.5) 8 (53) 6 (40) 28 (47)
Class IV Unsuitable 60 - 80 1 (7) 2 (13.5) 0 (0) 4 (27) 7 (12)
Total No. of samples 60 (100)

per cent samples were classified as unsuitable
(Class 1V) for irrigation in all the land use systems
(Table 10). Majority of water samples in the study
area were not suitable for irrigation due to more
leaching of Na from the rock and mining waste into
the water (WHO, 2004).

A comprehensive assessment of groundwater quality
in the Kolar gold mining area revealed significant
spatial variation influenced by different land use
systems. The pH of the water samples ranged from
slightly acidic to neutral, indicating general suitability
for drinking, irrigation and livestock purposes.
However, prolonged mining activities and agricultural
practices have the potential to disrupt this balance over
time. The hydro chemical analysis indicated a
dominance of cations in the order of Na*> Ca™>
Mg?> K*, with sodium being the most prevalent,
while bicarbonate (HCO,") was identified as the
dominant anion. Electrical conductivity (EC)
measurements showed that most samples fell within
the acceptable limits prescribed by the World Health
Organization (WHO). Nonetheless, certain samples
exceeded permissible thresholds, which may be
attributed to anthropogenic inputs such as fertilizer
application, mining effluents and sewage infiltration.
Salinity hazard assessment classified a large
proportion of groundwater samples under the high
salinity category (C3), suggesting potential adverse
effects on salt-sensitive crops. Although sodium
adsorption ratio (SAR) values indicated excellent
water quality across all samples (S1 category),
parameters such as Residual Sodium Carbonate

(RSC) and Kelly’s Index highlighted localized
concerns, indicating unsuitability for irrigation in
specific areas. Overall, while the groundwater in the
region is predominantly suitable for both irrigation
and domestic use, the findings underscore the need
for vigilant monitoring and sustainable water resource
management. Anthropogenic pressures, particularly
those associated with mining activities, intensive
agriculture and wastewater discharge, pose a
considerable risk to long-term groundwater quality.
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