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ABSTRACT

Heavy metal pollution in soil has become concerasdronmental problem in KGF. Thus an extensivereyr
has been conducted to determine and map the coatientand distribution status of heavy metals (Cy,NI, Pb, Zn, Fe,
As, CN, Mn) in the soil samples collected from KG¥total of 10 soil samples were collected and yred for major
heavy metals. The presences of heavy metals winictha indicators of pollution in the soil were Baad by inductively
coupled plasma (ICP). Though many varieties areethe represent the soil contamination, a simpteatlimethod is
adopted in showing the distribution pattern of heawetals in soil. The result obtained from the I&Rd its direct
distribution pattern showed excess presence ofyhe@tals which exceeded the tolerance limit givgnNMHO. All the
heavy metals were widely spread and showed theggpice in soil is mainly because of mining and rdun@plings at the
study site. The single pollution factor index (SP&halyzed showed the average SPFI values of alhtavy metals
(As, Cu, Ni, Pb, Zn, Mn) except Iron and Chromiurarevmuch higher than 1 indicating excess polluéind were in the
decreasing order of Arsenic > Copper> Nickel> Leatrc> Manganese> Chromium> Iron. The Nemerow igliu
indices of heavy metals (Plalso varied significantly for the soils of diféart Stations. Copper, Nickel, Arsenic, lead and
Zinc are majority indicators of heavy pollution &vhaving P values as 225.22, 35.87, 21.31, 8.29, 5.47 respdgti
followed by Magnesium, Chromium and Iron with Nemerpollution indices as 1.67, 1.12 and 0.148 shgwight
pollution and clean level respectively. All the taganetals in soil except Iron do not remain a dafel for human being

consumption.
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INTRODUCTION

Kolar Gold Mine (K.G.M) has the tradition of mininhat was started in early first millennium BC awds
re-established by John Taylor and sons in 1880r{].$891). Kolar Gold Field (K.G.F) was one of thejar gold mines in
India and was considered as the world's secondedegpld mine where the valuable material goldxisaeted from the
ore body. Kolar Gold Field is situated 340km frorhe@nai. Extraction of geological or valuable mitefaom the ore
body, vein, seam or reef which is referred as nginivhich forms the mineralized package of economterest to the

miner.
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Mine tailings obtained during the mining processirf@gce mining and subsurface mining) contain high
concentrations of metals which gain their entryoto environment by polluting the ecosystem (airtevaand land).
Thus the Crucial key component of rural and urbavirenments is soil, and its management is therkéyto soil quality
in both places (soil quality, Sept 2000). This Saibsystem is been polluted due to many other magsons in which one
of them is increased number of human populationkasichew ideas of growth linking with mining actiyi Atmospheric
deposition, waste/sludge disposal, fertilizer ardtigide applications, industrial waste, and nucleaste forms some of
the other sources of pollution which give rise farious pollutants to enter the ecosystem by creatinsatisfactory
conditions. The released pollutants might be oaninorganic. The most commonly wide spread pafits during these
activities are both cationic and anionic heavy fselige Copper, Chromium, Nickel, Lead, Cadmiumsémic, Cyanide,
mercury, Zinc and organic pollutants like petroleumolycyclic aromatic hydrocarbons (PAHS), chloteth solvents,
herbicides and pesticides (Hoffm&905, Amor 2001 Ademola, 2013).

Metalloids released due to mining process is orte@fmost important environmental concerns fromemailings
as all metalloids are unique in causing toxicitgn@ral collective term applicable for the groupradtals and metalloids
with an atomic density greater then 6gicsi referred as heavy metals. This term is widelyognized and commonly
applied to the elements which are associated withugpon and toxicity problems. As of most organpollutants,
heavy metal also occurs naturally in rock formingd aore mineral. The metal pollutants will be acclated and
biomagnified in the food chains and become maggifily dangerous to human and wildlife. Estimating hatural ability
of the pollutants in different components of thesstem has become a challenging task in preveaiipgsing to danger
to natural life and public health. These heavy teetater into the environment mainly via three esut(i) Deposition of
atmospheric particulate (ii) Disposal of metal eheid sewage sledges and sewage effluents an@yHproducts from

metal mining process.

Many of the earlier studies have showed that theetimetals at low concentration in soils are egdanitrients
essential for plants and microbes but become tixligher concentration levels. Low concentratiohsome metals will
strongly interact with soil component and resultnimtrient deficiency for living systems. The disai® of excessive
amounts of heavy metals into the soils, affect saltrices involving metal-soil interactions andsthwill further affect
metal transport. As the metal concentrations ihssoicrease, the soils will become more toxic tangg and animals.
These metal toxicity level in the environment degsenn the metal and its chemical form that contbalth its mobility
and reactivity. These trace heavy metal concenfrdti the soils is a major concern because of thgicity and threat to
human life and the environment. Studies on heaviais@re important to evaluate both soil/sedimet ground water
contamination. Food chain contamination by heavyateehas become a burning issue in recent yeamsubecof their
potential accumulation in Biosystems mainly in @gninated soil followed by water and air (K. G. Pup011). Thus an
attempt is made to quantify the contamination leara distribution status of heavy metal in soilected from the study
site of KGF.

MATERIALS AND METHODOLOGY
Study Site Description

The gold mine is located in the Bangarpet which wessup in early 19 century for the extraction of Gold.

The total area K.G.F. where the mining was carf@dan area of 65.64 sq.km showing its latitude5#2°13°00 and
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longitudes 78°13'-78°17" in the Kolar District. &ftthe extraction process, million tonnes of impiaents obtained are

dumped in this region and has an heighof about 30

(http://memoriesofkgf.blogspot.in/2009/08/cynaide¥gs. htm).

approximate meters

Soil Sample Collection

The soil samples were also collected in post mamsfiactober —November) season by adopting standard
procedure from waste dump mine sites (Jesus, 2dYesidential area of Kolar Gold Field, Karnatdkaia. The total
area of gold mine, distance covered and the logstad soil samples which were collected randombnfrten different
sampling points of the study area are shown inreiduwhich consisted of total KGF area of 65.64&msqwith the total
distance of 34.07 km that had different elevatibeach sampling points and was named as SS1, §32S$4, SS5, SS6,
SS7, SS8, SS9 and SS10. Collection of soil sanfples sampling points covering total sampling aréd .6sq.km is as
shown in Figure 1.The geological characteristicstef locations investigated in the region are showrTable 1.
The contaminated soil was collected form the seteatampling location by marking 1m x 1m initiallgllbwed by
cleaning of debris from the top soil. The soil séenwas collected from the depth of about 1 -1.5mmgisools and was
stored in in a thick quality self — locking polytie bags transferred immediately to the laboratoy were air dried,
powdered and sieved through 2 x 2 mm mesh in dadbreak soil clumps and to remove large soil pksi The sieved

soil was then stored in thick quality self — lodgkipolythene bag at 40C for subsequently used falyais.

Table 1: Characterization of Sampling Locations

Location Places Latitude (North) Longitude (East) | Elevation (ft)
SS1 Masid road 12.96639 78.27432 2744
SS2 BEML Bus Stand 12.97124 78.24375 2918
SS3 Bharath Gold mine 12.91677 78.28343 2874
SS4 Beml Factory 12.8554 78.2351 2890
SS5 KGF 12.9617 78.2707 2790
SS6 Robertson pet 12.95429 78.25991 2763
SS7 Cynaide mountain 12.95863 78.26554 2888
SS8 PWD guest house 12.95851 78.27103 2902
SS9 Bemlnagar 12.99215 78.23266 2850
SS10 Oorgumpet 12.95263 78.26719 2814

Preparation of Soil Samples and Characterization

The aim of the preliminary part of this work isdbaracterize the soil residue collected from stsitly, thus the

residue was collected and air dried for two days5@® C. The dried soil samples is then groundsa@ded through 2mm
mesh sized sieve and then manually homogenizedutket. Physical condition of the soil is goverigcthe mechanical
fraction of the soil, thus the sieved samples weharacterized for their physicochemical propertiash as tested for
measurement of pH, Electrical conductivity, Bulkri3gy, Nitrogen, Phosphorous and was analyzedherpresence of

heavy metal according to the standard method.
Mapping of Presence of Heavy Metals

General process of nonferrous mining activity ides mining, transportation and selective smeltimichv give
rise to huge amount of waste in the form of sdimgijid and gas. According to liao2008, some of thetals produced

during crushing, gain its way to earth surface lans of polluted wind mainly because of chiselting explosion which
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latter settle by air diffusion to water and soivieanment. This might further step down to the aogf and underwater by
sap drainage, drop or dust during transportatiothh lom and under the ground. The final process ithdhe selection
process produce high amount of tailings which nyaintlude toxic metals and are stored in mine drginrecycles or
used for irrigation leading to deleterious comppilution of the surrounding environment. Thus Hwoarces of heavy
metals pollution are mine drainage, settling doswind, tailings, vehicle transporting etc. All teeurces will cause soll
pollution and thus the contaminated land area fisidered as a single zone with 10 different sargghoint with included

all the types of sources mentioned.

According to Loghman2013, assessing soil quality botating pollution level by means of distributi@the
primary significance. Thus the objective focus @avy meal dispersion and distribution patternsatous sampling
stations where the assessment of metals preséhe isoil serve as an important sink to understhrdotverall status of
contamination level/pattern and associated enviemal risk of selected region (Yuanan Hu, 2013)tlasy are
detrimental to the environment because of theirlniodegradable and persistent nature (El-Sayednira® et al., 2012).
One of the common methods of assessing pollutierldein soil and quantifying it is by comparing thdentified
concentrations with its tolerance limit (Mindauga®,12). Thus the results obtained will be helpful the environmental
management in areas undergoing fast transformatiba. dynamic component soil contaminated with nseialdue to
chemical, hydrological and geological processes iantbllected randomly from 10 different locatioof mining area.
Though various number of monitoring programs hageegated, this method seems to have lesser interacfluences.
Literature survey shows that there is no much shaiye been carried out for metal pollution in sedidue of Kolar Gold

Mine because the mine area is restricted for puiat Research purpose.

This study investigates, for the first time, thexye metal pollution of soils from all ten samplisijes of KGF.
The study further proceeds with the aim of mappirggdistribution level of heavy metals at differeatnpling stations. At
this stage land use aspect of the study area Haes ¢tonsidered (Yiyun Chen, 2012). The samplingjosta were selected
on the basis of accessibility and consist (i) Masidd and were named as SS1 (i) BEML Bus Standeé named as
SS2 (iii) Bharath Gold mine and were named as 8§8Béml Factory and were named as SS4 (v) K.Gdwaere named
as SS5 (vi) Robertson pet and were named as S§80énide mountain and were named as SS7 (viiiDPyMest house
and were named as SS8 (ix) BemInagar and were nas8&9 (x) Oorgumpet and were named as SS10 wnehed an
total area of 7.0 sq.km. The random distributioitgra of sampling points is as in Figure 1. Therdomtes (latitude,
longitude, elevation) of the sample points weresckeid using GPS and were plotted on a map wittale ¢ 1cm = 1km
(Keli Zhao, 2015). Contaminated soil residues atld were analyzed the presence of heavy metats’ as Chromium,
Copper, Arsenic, Cyanide, Nickel, Manganese andiL&he presence of heavy metal concentration wastageology
and mining activity (Sun 2001). The concentratiastribution pattern of the heavy metals in the smillected at 10

sampling locations was mapped.
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Figure 1: Distribution Pattern of Sampling Points
Evaluation of Pollution Level in Soil

The pollution level of heavy metals in the soikeigaluated by single pollution factor index (SPRIfiest which
guantifies only individual heavy metal pollution $0il and is calculated as the ratio of the metaicentraion (Ci) in a

soil sample and its reference value (Si)
Pi=C/S

The referred guideline Sialues for Cu, Cr, Ni, Pb, Fe, Zasand Mn is based on Standards given by WHO
FAO for soil quality. Pstand for pollution index of pollutant i, Ci ise measured value of i. Tak2 summarize for
Standard value by WHO and FAO. If the rati/ S less than 1, implies no heavy metal pollution aattbrshowing valut
greater than 1 leads to metal pollution in the.s8dcondly, overall heavy metal pollution statusaif is assessed bye

Nemerow pollution factor index (Rl and is given b
Ply = square root (Plza\,g+PI2max) 12
Wherel is Nemerow Pollution factor index at locatior
Plavg andP Imax represent the average and maximum values of SHidafy metals respective

According to Nemerow pollution factor index, thalsmvironmental quality is divided into five lels and is as

shown in Table 3

Table 2: Summarizefor Standard Value by WHO and FAO

Standard Value
SL. No | Heavy Metal (mg/kg)
1 Copper 100
2 Chromium 100
3 Nickel 50
4 Lead 100
5 Iron 50000
6 Zinc 300
7 Arsenic 20
8 Manganese 2000
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Table 3: Assessment Criteria of Soil Pollution Indtes

Classification Single Pollution Factor Index (SPFI) N2 PO".Ut'On Factor Index
Pollution Grade
I 1<1.0 Clean level ¥0.7 Clean level
Il 1.0<1<2.0 | Light pollution level 0.7<£1.0 | Precaution level
1] 2.0<1<4.0 | Moderate level 1.042.0 Light pollution level
v 4.0<1<6.0 | Heavy level 2.0<43.0 | Moderate level
V 1>6.0 Extreme Pollution level I>3.0 Heavy Ribion level

(Yang cao, 2013, Yuanan, 2013 andKeli Zhao, 2015)

RESULTS AND DISCUSSIONS

Soil Samples and Characterization

According to Rajanna 2010, the soil of KGF is difisd as red and clayey loam soil with patcheslath soil in
few regions. But the nature of the soil residudentéd at the sampling site is found to be almagbum at all the regions
apart from Cyanide Mountains. The selected propedind the total metal concentration of the comatad residue is as
shown in the table 4 and 5.

The pH of the soil samples varied from the rangaaidic to alkaline showing the mean pH value dfidield as
slightly 5.3. Indicated that the sampled soil igdlacwhich is attributed to continuous dispersia@athering action at the
region. It is obvious that the presence of difféde@avy metals in different sampling locations iffedent but they don't
vary much from each other. The mine area coveredgailvith dump tailings is approximately 58sq. kmadhelevated
levels of heavy metals with lowered pH at mosthef sampling stations. The soil sampled in and atdba mine area
showed the maximum concentration range and itslatandeviation for Cu, Cr, Ni, Pb, Zn, Fe, Mn, ChidaAs as 2828
+251.35 mg/kg, 158+14.04 mg/kg, 1900+168.87mg/kg01%H1.22mg/kg, 2044+113.80 mg/kg, 9652+537.40mg/kg,
4323+216.15mg/kg, Omg/kg and 5396+300.4 mg/kg retspaly. The concentration of the metals (Co, Ci,, Rb, Zn, Fe,
Mn, CN and as) in the study soil is found above pkemissible limits of environment quality standaalues in many

sampling sites.

Table 4: Characterization of the Soil Samples for Rysical and Chemical Properties

Sl. No Places pH EC Bulk Density N P

SS1 Masid road 8.24 23 2.71 0 0.083
SS2 BEML Bus Stand 8.14 42.74 3.30 ¢ 0.088
SS3 Bharath Gold mine 4.01 106{3 2.84 D 0.279
SS4 Beml Factory 8.02 37.48 2.85 q 0.2[f4
SS5 KGF 5.39| 56.87 3.62 1.7 0.721
SS6 Robertson pet 3.68 77.26 2.6 214 0.556
SS7 Cynaide mountain 3.3 122}1 2.23 D 0.297
SS8 PWD guest house 6.02 42.31 2.28 0 0.812
SS9 Bemlnagar 6.15 36.5P 2.7 g 0.283
SS10 | Oorgumpet 6.1 52.2F 2.9 g 0.711
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Table 5: Comparison between Recommended and Obsenre
Concentration of Metals in Soil Residue Collecteddm KGF

SLNo Copper Chromium Nickel Lead Iron Zinc Cyanide Arsenic Manganese
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mng/kg) (mg/kg) (ng/kg) (mg/kg) (mg/kg)
SS1 1734 +£45.8 0£0.0 1800+47.62 | 700+18.52 | 8156 £215.78 | 1435 £37.96 0+0.0 | 4826+127.684 | 1090=28.83
5§82 2123 £118.2 0=+0.0 1876 £104.45 | 920+51.22 | 9652 £537.40 | 1368 +76.16 0+0.0 4367 +243.14 203 +11.30
553 1903 £105.95 0+0.0 1860 £103.56 | 890 £49.55 | 8029 =+447.0 1283 £71.43 0+0.0 3876 +215.80 1364 £75.94
554 1111 £61.85 45425 1100+61.24 | 670+37.30 | 2352 £130.95 | 2044 £113.80 0+0.0 5396 £3004 | 2637 146.82
SS5 | 2583 £229.58 0=0.0 1870 £166.20 | 440+39.10 | 1150=102.2 685 +60.88 0=+0.0 3826 £340. 1410£125.32
SS6 | 2141+190.29 0=+0.0 1900 £168.87 | 710+61.10 | 2376 £211.18 | 2802488 0+0.0 3987 £3543 | 2632£233.93
SS7 | 2828 +£251.35 | 158+14.04 | 1213 £107.81 | 540+47.99 | 9075 £806.60 | 1185 £105.32 0=+0.0 4286 £380.9 | 1617=143.72
SS8 119+£5.95 0+0.0 1730 £86.5 760 £38 22501125 902 £45.1 0+0.0 2146 £107.3 4228 £211.4
559 112 £5.6 0+0.0 1692 £84.6 830 +41.5 1937 £96.85 1040 52+ 0+0.0 2010£100.5 3944 £197.2
SS10 | 10195095 0=0.0 1772 £88.6 810 =40.5 2038 £101.9 904 £45.2 0+0.0 2190£109.5 | 4323 £216.15

The result witnessed the elevated heavy metalsectration in the soil were found everywhere in ¥fnity of
the Kolar mine (Zhuang, 2009). The higher concéiatinaof these heavy metals in the study area weesalt of gold
mining activities in which continuous downstrearapdirsal took place from the dumped tailings. Stugditeshav Krishna

also supported the presence of the heavy metalsiliat elevated levels in and around the K.G.Fimgirarea soil.
Mapping of Presence of Heavy Metals

Delineating contamination level of the soil polintsis essential and the soil properties of thepdambtained is
as summarized in table 4. The coefficients vaneiof EC implies that metals had substantially grewaariation values
than their background values in the soil samplaggesting mining pollution. The average soil pHo& indicating acidic
condition. The basic statistics involving mean eahnd standard deviation of heavy metals investiare present in
table 5. The mean decreasing order of heavy meiatentration is in order CN<Cr<Pb<Zn<Cu<Ni<Mn<As<Fe
The micronutrient Cr found to be absent in mosthef stations, whereas other trace metals were mirasénigher values
apart from cyanide. As seen from the table 5, aigious that the metal content at 10 differenatmn is not same mainly
because of continuous dumplings of tailing wasi& upporting the highest concentration of Iron @mdenic that
exceeds upto 9000 mg/kg and 4000mg/kg respectiFetm the figure 2 we can easily make out thathalall the points
of sampling are polluted heavily by Copper, ChramjuNickel, Lead, lron, Zinc, Arsenic and Mangane3ée
concentration distribution map shows that the arigf metals is purely because of geogenic actich atording to
Loghman 2013; distribution of these metals is aullgd by natural factors.

Copper

Figure 2 shows the distribution of copper in thedgtarea of K.G.F. The maximum and minimum conegitn
of copper in the soil is found at cyanide mountaimd guest house and is 2828 mg/kg and 112 mg/kzpcteely.
The average concentration of copper at study siteound to be 1567.3mg/kg. According to Keshav 20h@ximum
concentration of copper at KGF is found to be 128¢#kg. The copper concentration in and aroundimeng area is due

to the presence of chalcopyrite, spharelite an@@alhere the concentration is found to be notthess 1g/kg.

Chromium

According to Keshav 2010 study, the maximum conegioin of chromium is found to be 979.9 mg/kg irttbo
2004 and 2005 but the distribution pattern of nudgtshowed the evidence for the absence of metahdbm in major

study sites. Only two stations (BEML Factory andafiige Mountain) marked their presence for chromaamcentration
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in which SS7 showed the concentration slightly @bthe tolerance limit (158mg/kg) and SS4 conceomatvas within
the limit (45mg/kg) respectively.

Nickel

According to WHO, the maximum concentration levehickel in soil 50mg/kg? Nickel, the componentpyfite
and pyrrhoite showed the variation ranging from11601876 mg/kg with maximum at SS2 (BEML bus staadj
minimum at SS4 (BEML factory) respectively. Thetdizution pattern of nickel is mapped in figurekesav 2010 study
also marked highest nickel concentration (304mgéqg) average concentration of this metal in myystadl681.3mg/kg

which is very high to its tolerance limit.
Lead

Concentration distribution of Lead in the soil sd@spof KGF shown in figure 2. Found to vary betwddf to
920mg/kg at BEML bus stand and KGF respectively ciwhis very high compared to threshold limit (100 /kgy.
Highest concentration of lead in the soil colledgeébund to be 920 mg/kg. Previous study by Kesttaad also supported
with high concentration of lead near the mine ditad may be due to the presence of chalcopypterglite and galena

which is the major source.
Iron

Iron concentration in the soil samples is foundo&very high in and around the mining area. Theimar
concentration distribution of metal iron found te 8652mg/L at BEML bus stand and the average cdrat&m is 4701
mg/kg which is comparatively low. The variationthre concentration of metal iron from the soil colsl in and around

the tailings dumps are as shown in the Figure 2.
Zinc

The distribution pattern of zinc is as mapped mufe 2. The trace element Zinc showed its maximwmeh a
minimum presence at BEML factory and Robertsonpspectively. The tolerance limit of Zinc is 300nm/&nd the
concentration level of Zinc was within the tolerarienit only at the sampling site SS6. As the n@i@ deposits were very

high in soil environment, the concentration levalswot in control.
Cyanide

The maximum tolerance limit of Cyanide in the sslilould be 3mg/kg. Though the Cyanide, a cyano group
triple-bonded carbon and nitrogen with the chemioathula CN has been dominant in gold extractiahimlogy by the
process called cyanide leaching, their presencetaiddistribution in and around the soil colletfeom various locations

of the study area was found to be nil. This is mgjoecause the metal cyanide can undergo nategrbdation process.
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Distribution of different minerals in
the study area

= Copper (mg/kg) = Chromium [(mg/kg)l = Nickel (mg/kg) -Lead (g kg) = iron (mg/kg)
Zinc (mg/kgl B Cyanide [mg/kg) Arsenic [mg/fkg) = Manganese (mgfkg)

Figure 2: Concentration Distribution Pattern of Heavy Metals in KGF Mine Soil
Arsenic

Concentration of metal arsenic in the soil residubich were collected from the study area of K.is mapped.
The distribution pattern of Arsenic content in sdlil samples from the 10 samfg locations can be seen inure 2.
The maped concentration values of the arsenic cleartyaded the exceeded concentration of metal irhalllt0 sample:
Concentration of arsenic at Robertsonpet had thdmuan concentration of 5396 mg/kg and lower coneitn 201C
mg/kg being at BEML nagawith the average being 3691mg/ kg. Previous stug\Kbshav2010, supported for high
concentration of Arsenic in Robertsonpet and Andiopgt. Arsenic content may be due to the presehaesenopyrites il

the mining area or may be ascribed during leac of dumps.
Magnesium

Magnesiumvalues are been mappedfigure 2. The concentration distribution pattern of magnesteits the
metal in the soil collected from the 10 samplingnpo of the mining study area showed average cdret@m of 2344.:
mg/kg with the maximum and minimum being found atgampet and PWD gur house as 4323 mg/kg and 4228 mc

respectively.
Evaluation of Pollution Level in Soil

Table 6 shows the values of pollution Indices for indiviluaetal at all the 10 sampling points of KC
Comparing the background and availed concentratfdhe stuy region, the average SPFI values of all the heagtals
(As, Cu, Ni, Pb, Zn, Mn) except Iron and Chromiurarevmuch higher than 1 indicating excess pollutiocording tohe
guidelines shown in table.30verall accumulated heavy metal pollution rationcentration increased in orc
Arsenic > Copper> Nickel> Lead> Zinc> Manganesexo@tium> Iron. Highest pollution indices is foundr fGopper.
Arsenic, Nickel and Lead in soil residue collectexin 10 different stations which is majoiinfluenced by mining activity
and followed by dispersion by natural means. Then&ew pollution indices of heavy metals \) also varied
significantly for the soils of diérent land use types (Tabl§). Copper, Nickel, Arsenic, lead and Zinc are migy
indicators of heavy pollution level having y values as 225.22, 35.87, 21.31, 8.29, 5.47 resmégtiollowed by
Magnesium, Chromium and Iron with Nemerow pollutiodlices as 1.67, 1.12 and 0.148 showing lightytiolh and
clean level respectively.kording to the result obtainell the heavy metals in soil except Irare in high concentration

and the study site soil does not remain :

| Impact Factor(JCC): 2.312¢ This article can be downloaded fromvww.impactjournals.us




Akshata Jain N, Udayashankara T. H & Lokesh K. S |

Table 6: Single Pollution Factor Indices (PI) of Imlividual Metals

Stations Plcy Plc, Plyi Plpp Plge Plz, Pl as Plyn
SS1 173.4 0 36 7 0.163 4.73 241.3 0.54
SS2 212.3 0 37.52 9.2 0.193 456 21835 0.101
SS3 190.3 0 37.2 8.9 0.16( 4.2) 193.8 0.682
SS4 111.1 | 0.45 22 6.7 0.047 6.81 269.8 1.31
SS5 258.3 0 374 4.4 0.023 2.28 191.3 0.70
SS6 214.1 0 38 7.1 0.047 098 19935 1.316
SS7 282.8 | 1.58| 24.26 54 0.181 3.95 214|3 0.808
SS8 11.9 0 34.6 7.6 0.04 3.00 107.8 2.114
SS9 11.2 0 33.84 8.3 0.03§ 3.46 100.5 1.97
SS10 101.9 0 35.44| 8.1 0.040 3.01 1095 2.16

Table 7: Nemerow Pollution Factor Index (P}) of Individual Metals

Samples | Copper | Chromium | Nickel | Lead | Iron Zinc | Arsenic | Manganese
Average 146.54 0.203 33.62 7.27 0.093 3.V 184.55 1.1
Ply 225.22 1.12 35.87 8.29 0.148 547 21.31 1.67

CONCLUSIONS

The findings obtained are the important implicatfon prevention of pollution and reduction strategof heavy

metal at various metal polluted regions. Basedhenguideline values given by WHO and FAO for hemsatal tolerance

limit, the residue of KGF soil showed presence opger, Arsenic, Nickel, Lead, Zinc, Magnesium, Ghium and Iron

contaminants while the concentration of chromiurd &mon where at precaution level and at a safell&vge long-term

deposition of mine tailings at dump site remairesrirain pollution sources in the study area.
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