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ABSTRACT

An intensive investigation for detecting source of the heavy metals
contamination in different areas (within industry, at roadside, adjacent
agriculture lands) of various industries located at two sites A & B were
made. Co-relationshipswere determined for specific metal contaminationin
leacheates at siteswith total contents of heavy metal at source. At siteA, it
was observed that the leached fractions were highly correlated with the
total contents of all tested heavy metals showing same source of
contamination, whereas at site B relation was obtained only in case of Mn
i.e0.99, Zni.e 0.82 and 0.70 for Cu, while, rest had sparse relationship,
showing that the variability in heavy metal contents was caused by the
different sources of contamination. The soil samples showed different
microbial groups (cfu), in the order Bacteria > Fungi > Actinomycetes >
Rhizobium and Azotobacters. The resultsindicated that the low availability
of nutrients (NPK) in soil could be due to the heavy metal contamination
which reduced the beneficial microbes such as Rhizobia and Azotobacters
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in contaminated soil.

INTRODUCTION

Soil contamination, with hazardousand toxic chemi-
calsis serious problems, which have been faced by
wholeworld. Maintenance of good soil quality isof
prime importance as it may threaten human health
throughitseffect onair quaity aswell ascauseenvi-
ronmenta pollution. Consensusabout soil quaity stan-
dardsisnot yet well established; mainly no singleor
combined biological and physico-chemical variableis
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availableto reflect the many interacting processesre-
sponsiblefor soil qudity!. Physica and chemical prop-
ertieshave been extens vely used to measure soil qual-
ity?, However these properties usually changeon a
time sca e (decade) whichistoo long for measurement
purpose.

Accordingly for environmental impact assessment
it ispertinent to study the characteristics of soil, the
resultant behaviour of thesurrounding soil environment.
Heavy metal sand organic compounds areamong the
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“most important” pollutants present in soil, water, sew-
agedudge®4 etc. Although thetotal soil concentration
of metal iscommonly usedinsoil environmenta quaity
standard®, but it isuseful to predict other parameters
too, asthespeciation and bioavailability of themetasin
soil vary greatly dueto soil physico-chemical proper-
ties. The most important soil variable affecting the
bioavailability of heavy metd issoil pH. Higher pH re-
ducesthebioavailability and toxicity of cadmiumand
lead®9. Thussoil quality criteriafor thetrace metals
should be based on the bioavailable pool of the ele-
mentsto ensureadequate environmental protection*?,

Duringthelast few decadesextensive attention has
been paid to the hazards arising contamination of the
environment by heavy metal. Heavy metalsarewell
known to betoxic to most organismswhen presentin
high concentrationintheenvironment. They areknown
to affect the growth, morphol ogy and metabolism of
micro-organismsinsoil, evenlimiting the speciescom-
position and microbial reproduction asthey cause de-
struction of theintegrity of cell membranes*3, Sail
maly become contaminated with metalsfrom variety of
anthropogeni c sourcesspecidly mining, smdting of vari-
ous metal power station, wastedischarge, fertilizers,
coal burning, heavy metd containing pesticides, etc.
arethemgor contributorsfor pollution. Heavy meta
contaminationin soil mainly resultsfromthedischarge
of metal containing waste and waste water from ore
refining, production of sted and dloys, metal plating,
tannery, wood preservation, pigmentation, glassmanu-
facturer, semiconductor materia, feed additivesherbi-
cides, insecticides, hematosisadditives and veterinary
chemicas$™ suchashexavdent chromiumiswidey used
inmany industrid processe ectroplating, wood preser-
vativesetc.[*¥, Niragu and Pacynd*” reported 52,000
112,000 tonsof arsenic werereleased, lead/zinc smelter,
increased up to 49 mg/kg*® annually to soil from an-
thropogeni c sources.

Onceincorporatedintothesoil, they remainfor very
long period of time, up to of severd thousand yearg™.
Soil deterioration by metal contamination dueto past
and present human industria activity may resultinthe
high exposure. Accumul ated toxic heavy meta insur-
face soilscan betransported to different environmentd
componentswhich may affect directly or indirectly®
through itsenriched trace metal contentsinair born
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particles originating from deep soil, water, plant and
dust particles.

Theobjectiveof the study was confined to two con-
taminated SitesA & B whereroad side soil and agricul-
ture soil of the respective areawere monitored. Indus-
trial soil sample was compared with road side soil
sampleaswd | asagriculturesdesoil sample. Thestudy
investigated theinfluence of heavy meta s(copper, lead,
chromium, cobdlt, iron, zinc, cadmium, nickel and man-
ganese) on physicd, chemicd and microbiologicd char-
acteristicsof soil sand their correlaion. Thelinear cor-
relation wasa so drawn between total heavy meta ver-
susleached heavy metal, and microbesinvolved for the
availability of nitrogen (N), phosphorus (P) and potas-
sum (K) insoil.

MATERIALSAND METHOD

All thechemica susedin theexperiment areof ana
lytical grade purchased from Merck, Indiaand Himedia
chemicas, Mumba.

Sudy site

The study was conducted at two industrial sitesA
& B at Nagpur, India. Agriculture sampleaong with
road samplewere a so collected from the respective
study areas. Soil sampling was done with the help of
post hole soil auger of height 30cm and candigup to
15cm-17cm.

Soil sampling strategy

Ninereplicate square plots (25m x 25m) were se-
lected for each location. These plotswere considered
to betruereplicates asthe distance between them ex-
ceeded inthe spatia dependence (13— 15m) of most
soil chemical and microbia variables?. Fivereplicate
soil samples, 2kg each, were taken from the depth of
about 15cm of each plot.

A set of ninebulk sampleswith controlswerecol-
lected, four from siteA and fivefrom site B, 0-15cm
depth within each of the plotsand werekept intheice
box and transported to thelaboratory for further analy-
sis. A part of sample wasrefrigerated at 4°C to avail
enumeration of microflorawhichwascarried out within
onemonth, and rest of the samplewasdried and seved
(2mm mesh) for thedetermination of variousphysical
and chemical parameters.
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Physical analysis
Particlesizeanalysis

Theinternational pipette method?? was adopted
for thedetermination of particlesizeanalysis. Inshort,
soilswerefirst treated with hydrogen per oxide (30%)
to removeorganic matter. Particlesizedistribution was
determined (i) by successive sieving to determinethe
proportion of coarserock fragments(20-100mm), fine
rock fragments(grave: 2-20mm) and sand (0.05-2mm)
and (i) by sedimentati on (Robinson pi pette method) of
the <0.05mm fraction for determining proportions of
finesilt (2- 20um) and clay (<2um).

Chemical analysis
Soil pH, electrical conductivity and solubleions

Sail pH and electrica conductivity (EC) werede-
termined by standard method®.
Cation exchangecapacity

Cation exchange capacity (CEC) isestimated by
leaching the soil with 1N ammonium acetate 7.0 pH,
theleachate were usefor the estimation of exchange-
ablecations, i.e. cacium, magnesium, sodiumand po-
tassium. Cal cium and magnesium were estimated by
Versenate method, whilesodium and potassium were
estimated by flame photometric method?3. Soil was
thereafter washed withisopropyl alcohol for chloride
removd followed by leachingwith 10% potassum chlo-
ride pH 2.5. Potassium chlorideleachate were usefor
CEC determination by distillation through Kjeldhd dis-
tillation assembly, followed by titration against 0.02N
sulphuricacid®,

Nutrient statusof soil

Totd nitrogen andavailablenitrogenwasdetermined
by Kjeldhal’s method, total phosphorus and available
phosphorus by Olsen’s method®? whereas total po-
tass um and avail able potassium by flame photometric
method®, And organic carbon and organic matter were
estimated by Walkey and Black method®.

Toxicity of soil

Toxicity of soil was estimated by determining the
concentration of heavy meta spresent inoil. Totd heavy
metal swere determined by digesting soil in acid mix-
ture (1:2 perchloric acid and nitric acid) followed by
filtration, and ana'yzed on atomic adsorption spectro-
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photometer (AAS). Whiletoxicity characterigticleach-
ing procedure (TCLP) wasusefor the determination of
leached heavy metals. In short, soil sampleswereshaked
with water, pH was measured. Then 1IN hydrochloric
acid wasadded, covered and boil. Samplewas cooled
and typel solution (64.3ml 1N sodium hydroxideand
5.7ml glacial acetic acid to 1000ml distilled water pH
4.93) was added. The samplewas agitated for 18hrs
followed by centrifugation at 8000 rpm and filtration,
then analyzed by atomic adsorption spectrophotom-
eter (AAS).

Microbiological analysis

Enumeration of soil micro florawasdetermined by
using pour platemethod. Theexperiment was conducted
intriplicates. Tota viable count in soil were estimated
using “nutrient agar medium” (5g peptone, 3g beef ex-
tract and 3g sodium chloride 20g bacteriological agar
in 1000ml distilled water pH 7.0%). Sail fungi were
determined usng “Martin’s Rose Bengal agar medium”
(10g dextrose, 59 peptone, 1g potassium dihydrogen
phosphate, 0.5g magnesium sul phate, 33.3mg Rose
Bengal, 0.3g antibiotic streptomycin and 20g bacterio-
logical agar in 1000ml distilled water pH 5.5, Martin
1950). Sail actinomyceteswereestimated using ““starch
casein agar medium” (10g starch, 0.3g casein, 2g po-
tassum nitrate, 2g sodium chloride, 2g dipotassum hy-
drogen phosphate,0.05g magnesi um sul phate penta
hydrate and 20g bacteriological agar in 1000ml dis-
tilled water pH 5.5, Jensen 1930). Soil Azotobacter
population were grown on “Jenson’s medium” (20g
sucrose, 1g di-potassium hydrogen phosphate, 0.05g
magnes um sul phate pentahydrate, 0.5g sodium chlo-
ride, 0.01g ferroussul phate, 0.005g di-sodium magne-
sium oxide, 2g cal cium carbonate and 20g bacterio-
logical agar in 1000ml distilled water pH 7.0, Jenson
1942). And soil rhizobiumwereestimated by using “‘yeast
extract mannitol agar medium’ (10g mannitol, 0.5g di-
potass um hydrogen phosphate, 0.2g magnesium sul-
phate penta hydrate, 0.1g sodium chloride, 1g yeast
extract and 20g bacteriol ogical agar in 1000ml digtilled
water pH 7.029),

Statistical analyseswere carried out with XLfit5
software. Linear correlationswere used to test there-
lationshi ps between variables. The confidencelimits of
theresultsaregiven at thep < 0.05.
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RESULT AND DISCUSSION

Industrial soil samplesfrom two sparsely located
sitesviz; A & B were assessed and compared with ag-
riculture and road side soil surrounding the samesites.

Physical characteristics

Air-dried and sieved samples have been used for
determination of physical characteristicsof soil suchas
particle sizedistribution of study zone, intermsof per-
centage of sand, silt and clay. Thetextural diagramwas
generated using “SEE Soil Class 2.0 version based on
United States Department of Agriculture(USDA) clas-
sification of soils(Figurel). The soil sampleshad al-
most similar properties concerning texture, except
sample 1 and 2 which had more sand content whileno
variation wasobservedinpH and EC (TABLE1).

Chemical characteristics
Chemical characterigticsof soil isgivenin TABLE
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Figure 1: Texturediagram of siteA and siteB
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1. Theclassification of soil and their relationship with
adsorptivity and productivity based on cation exchange
capacity (CEC) is presented in TABLES 1aand 1b.
According to CEC, the productivity and adsorptivity
of soil sample 1 and 2 was found to below because
soil having more sand content and was not ableto hold
the nutrientsasthey are generally associated with the
finest fractions of the soil$?7. Apart from thesample 1
and 2l soil sampleshave moderateto high productiv-
ity and adsorptivity level. Total and leached fractions
were presented in TABLES 2 and 3 respectively, in
which Cd seemsto be more pronounced crossing the
limit causing pollution.

Soil microbiology

Bacteriaarethebiological indicators, they arevau-
ableto assessthe soil quality. Brookesand McGrath
(1984) have provided evidence that heavy metalsde-
creasethe proportion of microbes. Heavy meta sgen-
erdly exert aninhibitory action on soil micro-organisms
by displacing essential metal ions, blocking essential
functional groups, or by modifying the active confor-
mation of biological molecules?,

From TABLE 1, fungi appear to bemoretolerant
to heavy metd sthan Bacteriaand A ctinomycetes®-%2,
Asymbiototic nitrogen fixersseemto bemoresenstive
to small amount of heavy meta 1. Our resultsaso
support theideathat thisgroup of soil bacteriaplaysan
important rolein monitoring theposs bleimpact of heavy
metal contamination. Our study demonstrated that
changesinsoil conditionsdueto heavy metal contami-
nation havelargenegtiveresultsof themicrobia count-
ing. Consequently, the number of soil microbeswould
be reduced. Our results strongly suggest that soil mi-
cro-organismsvaried with the contamination gradient.

Inthisinvestigation, thetota number of cfu of tota
Bacteria, Fungi, Actinomycetes, asymbiotic Nitrogen
fixersand symbiotic nitrogen fixerswasreduced inthe
contaminated Site. Thus, nitrogen fixing bacteriaseems
to bemore sengtiveto heavy metd contaminationthan
theother microbid group under eva uation, undergoing
adecrease in population size of about 60% - 75%.
Differenceintheviable countsof Fungi and Actino-
myceteswerea so significant; however, thesetwo mi-
crobial groups seem to be less sensitive to the pres-
encesof heavy metas. Theheavy metd toleranceca
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TABLE 1: Physico-chemical and microbiological characteristicsof soil (mean +standard deviation, cfu®, n=3)

Sampling pH EC Organic grigl 15'VC F4ungi Actin?mycaes Rhiszobium Azot30bacter
Plot (L2)  (@Sm) Mater®) (0. (Cduly (0cug  (0dug  (10cug  (10°cluig

T M amew O mm mEE G, oo m
. OB Lgaw BB o OBE. goug by ma
S U g BB RS R gug e oda
P I s BB MBS ML g 0%2e 06
Roadside  Oof SE gge004 APOLE 300E OMOTE 5670506  O0DTE 033
Agriculture 53.383* 5(')?3; 155+ 033 3%%%* 93%%%* 112%21? 08.00+4.58 162'217 * 12(2)"533 *
5 Oy O ssewons Zp2E 1SBE 4ge7is13 0s00x300  X0IE 00088
6 oass  04T% ogex00s OWE - ADOTE 300041000 18672208 ORTF OBDTE
7 66‘.1;; o(fg; 0.95 + 0.05 5%'_3if1i 17;;_?? 3500+ 15.00 15.67+4.04 003'5383 = 002..535 =
8 6(')?8; O('ffoi 0.95+0.05 3%31* 331%2;* 4567+16.01 14.00+2.00 003'5333 * 0032"032 *
9 022%  000% 219s006 BHF 1BBVE g30041453 12332250 O0HE 00200%
Roadside oo 0% 1g7.005 R8E 2090 333.0157 oae7azes G0t 0038
Agriculture 56?5’; O('fgzi 157035 3%%%* 8(;36%3; 11%%%* 15.00+ 6.56 193'(238 * 15(5)"86g *

cmol (p*) kgtis centimol (proton ions) per kilogram, TVC istotal viable count and cfu is colony forming unit

pacity wasfoundintheorder Fungi >Actinomycetes>
asymbiotic Nitrogen fixersand symbiotic Nitrogenfix-
ers, tota bacteria count al so seemsto be pronounced.

Nutrient statusof soil

A presenceof organic matter, organic carbon, ni-
trogen, phosphorus and potassium showsthe nutrient
status of soil and itsimportancefrom fertility point of
view. Organic matter present inthe soil (TABLE 1)
influencesitsphysica and chemicd properties. Organic
matter commonly accountsas onethird or more of the
cation exchange capacity of surfacesoil. Itisalsore-
sponsiblefor the stability of soil aggregates.

Theavailability of nutrient content wasvery low as
compared to theagricultural soil availability, depicted

TABLE la: Réationship of CEC with productivity

inFigure2. At siteA, thedecreasein availability was
about 40.5% - 20.23% in nitrogen, 25% - 4.3% in
phosphorus and 25.6% - 20.5% in potassium while
road side soil sample showed the decrease of about
28.4%, 22.3% and 25.7% respectively. Same at site
B,i.e. 33%- 13.3%, 27.36% - 17.38% and 34.22% -
20.17% decrease whereas, road side soil sample
showed 41%, 18% and 44% decrease in nitrogen,
phosphorus and potassium respectively. Theavail abil-
ity of nutrientsfound to belessthantheroad sdesample
too, thedecreasein avail ability may be attributed due
to theinactivation or reductionin number of micro-or-
ganism dueto heavy meta's contamination, necessary
for thenutrient transformationi.e. organicformsare
transferred to their respectiveinorganicformsand thus,

TABLE 1b: Rdationship of CEC with adsor ptivity

Range Range
CEC (cmol Productivity Soil samples CEC (cmol1 Adsorptivity Soil samples
() kg?) () kgh
Very low <10 Very low Limited <10 Limited 1
Low 10-20 Low 2 Low 10-20 Moderate 2
Moderate 20-50 Moderate 3,4,56,7,9 Moderate 20-30 High 4,5 6
High >50 High 8 High > 30 Very high 3,7,89

cmol (p*) kgtis centimol (proton ions) per kilogram

cmol (p*) kgtis centimol (proton ions) per kilogram
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TABLE?2
Sarglréltmg Cd Cr Co Cu Fe Mn Ni Pb Zn
447+ 7080+ 3687+ 39119+ 373177+  199255% 5731
1 035 0.26 0.16 11.41 0.33 0.56 6067+£017 "4,  7076+0.26
X 300+ 7880+ 5367+ 23093+ 361368+ 191550+ 86530+ 5486+ 52489+
0.20 0.50 0.28 00.12 0.30 0.44 033 0.23 038
217+ 5390+ 1001+ 06394+ 323966+ 7930+ 10270+
8 015 017 011 00.31 0.32 59471+033 4455£042 "5, 0.25
283+ 9064+ 6347+ 14727+ 354566+ 2466+  169.90+
4 0.15 0.39 0.44 00.29 0.26 80443+£056 7452041 "4y 0.25
_ 400+ 7655+ 3888+ 343680+« 107130+ 10.87 =
Roadside 4% o> 298 806120035 o e 87544033 0OTY 82204027
. 079+ 1464+ 5761+ 10665+ 317524+ 11235+
Agriculture 0.02 0.29 053 00.29 0.36 1353+ 042 1346+022 1.21+0.14 0.32
377+ 2276+ 3049+ 15292+ 341394+ 1780« 16215+
5 0.25 0.25 031 00.31 0.58 69115064 648+£022 "5 0.26
. 460+ 3693+ 4766+ 15179+ 347180+ 113054+ o .. . 1L62+ 13482+
0.30 0.25 0.26 00.25 0.50 0.53 66+0. 0.35 038
, 470+ 9731+ 6192+ 12480+ 349077+ 154050+ 12468+ 2164+ 10316+
0.30 0.34 011 00.27 0.34 0.48 028 0.49 0.29
o 407+ 6074+ 3682+ 10792+ 344879+ 102422+ oo .. 1208+  1006l+
0.20 0.28 0.28 00.21 0.36 0.28 26+0. 0.27 0.46
387+ 7343+ 3867+ 11555+ 346379+ 1178+ 12644+
9 0.25 0.48 028 00.44 0.35 984.27+£0.28 8745£0.19 " o5 0.41
_ 253+ 2141+ 2065+ 10868+  3319.76+ 10.60 =
Roadside %> " o o8 A 588.32+027 50824028 000"  9651+032
. 006+ 1150+ 7626+ 28188+ 319912+ 21031 +
Agriculture 0.04 037 0.29 00.24 0.19 443+0.17 1142+021 - 0.45

Total heavy metals in soil samples (mean + standard deviation, mg kg*n = 3)

they hdpinfixation and enrichment of soil.
Metal content and their correlation

Soil samplewereanalyzed for total meta content
and itsleached fractions such ascadmium (Cd), chro-
mium (Cr), cobalt (Co), copper (Cu), iron (Fe), man-
ganese (Mn), nickel (Ni), lead (Pb) and zinc (Zn) pre-
sented in TABLE 2 and 3 respectively and their

correlationship weredepicted in Figure 3& 4.
The correl ation between total and |leached metal

contentsat SteA werehighly sgnificant with respective
vauesof 0.94for Zn, 0.90for Cd and Cuand 0.86 for
Ni and perfect relation with Mn, whereas Pb had sig-
nificant rel ation with respectivevalue of 0.75and Cr,
Co and Fewere sparsely significant with 0.21, 0.41
and 0.31 va uesrespectively presented in Figure4. While

TABLE 3: Leached heavy metalsin soil samples(mean + standard deviation, mg kg*n =23)

Samping - cq cr Co cu Fe Mn Ni Pb Zn
1 062:006 645:038 505+045 9879+ 056 35595+ 089 26522+ 0080 405+055 327+053 114+005
2 032£008 2893+046 391+041 39.00+021 580.86+053 25516+ 0063 1012+ 036 503+016 96.04+05]
3 011:004 574028 259+041 3303+050 31465050 3423+2560 7.27+040 386+035 109303
4 081+005 5174035 3.87+025 29.18+038 689.73+043 2520+0069 519+042 063+015 520702
Roadsde 057+006 380+024 166+040 494+033 809.94+067 10094+00.75 498+039 012+005 4.670.46
Agriculture 0204006 280+030 4.95+034 10.13+037 19815+037 202+0043 2.83+040 0.20+004 1573+ 0.47
5 044005 311+073 2164034 57.93+034 647.67+042 258740033 9124038 022+008 54.88+ 05
6  058+008 903:016 314+032 19.17+032 25084+026 11020+0040 527+038 0.61+006 1416+ 0.6¢
7 028+007 505:017 205£049 20.03+055 49019+ 074 209.09+ 0074 12.88+043 052+006 1891+ 03¢
8  058+004 489+031 648+045 10.88+035 42002+038 98510+ 0054 513+053 168+011 1190+ 0.4
9 027+005 27.56+045 2.89+0.32 1598+ 049 701.05+049 10182+ 0050 1114006 017+005 2488+ 05¢
Roadsde 029+005 166+040 011+0.03 1079+ 030 45092+037 5613+0033 455+046 03+005 96.67+0.45
Agriculture 0114004 1.16+029 2964049 5184026 21518+040 091+0003 189+ 040 . 458302
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Figure2: Total and availablenutrient contents, (a), (b) and (c) of siteA-and (d), (€) and (f) of site B soil samples

insteB, perfect corrdation wasfound only for Mni.e.
0.99, Zn and Cu showed significant relation with re-
spective values of 0.83 and 0.70 respectively, and
sparsaly significant relation of 0.12 for Cd, 0.27 for Cr,
0.32for Co, 0.41 for Fe, 0.46 for Ni and 0.23 for Pb
presented in Figure4 (P< 0.05in all case), showing
that thevariability in heavy metal contentswas caused
by thedifferent sources of contamination.

Total metal content and their corredation with the
char acteristicsof thesoil

Positive corrd ation wasfound between tota heavy

metal content and soil characteristics. At siteA, high
correlation was found between the pH and EC with
respectivevaueof 0.96 for Cuand 0.93for Fe. Highly
sgnificant relaionwerefoundinexchangegble Cawith
therespectivevaueof 0.97 for Cr and Pb and 0.92 for
Co; whereasexchangeable Mg were sparsdly signifi-
cantinall respect except Pb of 0.88 relation. In case of
Na highly significant correl ation wasfound only for Cu
of 0.90 and with K* perfect correlaionfor Crand highly
significant relation for Co of 0.98 and Pb of 0.96. CEC
has perfect correlation of 1.00for Cd, highly significant
relation of 0.98 and 0.97 for Cuand Mn respectively
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Figure 3: Relationshipsbetween total and leached metal contentsin soil of siteA Confidencelimitis0.05

and 0.92 for Fe, whereas, exchangeabl e sodium per-
centage (ESP) weresignificantly correlated with all
metas.

Organic matter and organic carbon werehighly sg-
nificant with respectivevaluesof 0.97,0.95and 0.94
for Cr, Pb and Co respectively. Avail able nitrogen has
highly significant correlation of 0.95for Cr and 0.96for
Co, sparsely significant rel ation wasfound with avail-
able phosphorusexcept for Pb of 0.86 significant rela
tionandinavailablepotassum highly sgnificant relaion
were found with respective value of 0.98 for Cd and
Mn and 0.96 for Cu and of 0.85 for Fe. The bacteria
weresignificantly correlated with al theheavy metas
except thehighly significant correlation of 0.95for Fe
(datanot shown).

IngteB, sparsely sgnificant reationwerefoundin
EC except for Fe of 0.88. While, no relation was ob-
served in pH for Zn and very sparserelation with al
other metd's. Exchangeable cationstoo had significant

rel ation except Mg having perfect rdationwith Cr and
nordationinK*for Cd. CEC wassignificantly related
with al metalsand perfectly related with Cr. ESPhas
sparsereaionwithal metas.

Significant relation wasobserved in organic matter
and organic carbon. Whereas, availablenitrogen, phos-
phorus and potassi um content had sparserel ationship,
and norelation wasfound between avail able potassum
and Fe. Highly significant relation wereseenin Rhizo-
bium sp. with respectivevaueof 0.95for Fe, 0.91 for
Mn, 0.9 for Cr, 0.89 for Ni and 0.85 for Zn. Actino-
mycetes and Fungi showed significant relationship ex-
cept Fungi having high significant relation of 0.94 for
Zn. Total viable count and Azotobacter had sparsely
significant relationship (datanot shown).

L eached metal contentsand their correlation with
thecharacteristicsof the soil

Positiverdation wasfound between leached heavy
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Figure4: Relationshipsbetween total and leached metal contentsin soil of site B Confidencelimit is0.05

metalsand soil characteristics (datanot shown). Atsite
A, pH had no relaionwith Pb but highly significant re-
lation of 0.97 for Cu and 0.91 for Co, whereas EC
showed sparsdy sgnificant relationship. Highly signifi-
cant relation was found between exchangeable Ca™
and Mg versus Cd of 0.93 and 0.92 respectively, K*
versusFeof 0.91. CEC showed highly significant rela-
tion with respective values of 0.94 for Mn, 0.91 for
Co. Hence, perfect rel ationship was obta ned between
ESPversusCu, whilehighly Sgnificant relationshipwas
found with respectivevaueof 0.92for Cd, 0.87 for Ni
and 0.86 for Co.

Sparsdly significant relation wasfound between or-
ganic métter, organic carbonwith dl metds. Significant
relationship wasfound between availablenitrogen ver-
susdl metas, highly significant relation wasfound be-
tween avail able phosphorusof 0.95 for Pb and highly
significant relationship with available potassum of 0.90
for Mnand 0.86 for Co.

Totd viablecount showed highly sgnificant relation

with Cd and Co with respectivevaueof 0.86 and 0.92
respectively. Fungi, Actinomycetes, RhizobiumandAzo-
tobacter had highly significant relaion of 0.95for Coin
Fungi, Actinomycetes had 0.88 for Cd and 0.94 for
Ni, Rhizobium had 0.93 for Cd and 0.87 Ni and Azo-
tobacter had 0.96 for Ni.

At siteB, pH showed highly significant relation of
0.9 for Co and 0.88 for Cr, and EC had 0.97 for Cu
and 0.96 for Zn. Exchangeable Ca'* had significant re-
lation of 0.87 for Co and 0.86 for Cu and Zn, sparse
rel ationship between Mn** and dl metals, highly signifi-
cant relation between Na" and Co, Mn and Pb with
respective value of 0.97, 0.98 and 0.96 respectively,
perfect relationship between K* versusZn. CEC had
sparserdationwheress, highly sgnificant relationof 0.98
for Mn, 0.97 for Co and 0.96 for Pb in case of ESP.

Availablenitrogen had highly Sgnificant rlationfor
Pb and Zn of 0.90 and 0.87 respectively, available
phosphorus showed highly significant relation of 0.98
for Cr and sparse rel ationship between avail able po-
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tassum versusall metals. Organic matter and organic
carbonwasfound to have highly sgnificant relation for
Znof 0.97.

Perfect relation was obtained between totd viable
count versus Feand Pb and highly significant relation
with Cd and Co of 0.89 and 0.91 respectively. Fungi
had highly significant rel ationship for Cuand Zn of 0.90
and 0.88 respectivey. Actinomycetes and Azotobacter
had 0.92 rel ationswith Zn and Rhizobium had signifi-
cantrelationshipwithal metas.

CONCLUSION

Theleached fractionswere highly correlated with
thetotal contents of heavy metalswith respectiveval-
uesof 0.98for Mn, 0.94 for Zn, 0.90 for Cd and Cu,
0.86 for Ni at HingnaMIDC soils. These correlations
showed that thevariability in heavy meta contentswas
caused by the same source of contamination. And at
site B soils, perfect relation was obtained only in case
of Mni.e0.99 and significant relation of 0.82 for Zn
and 0.70for Cu, while, rest have sparserel ationship,
showing that thevariability in heavy meta contentswere
caused by the different source of contamination. Tota
metal contentsand |eached fractions both were posi-
tively correl ated with physico-chemica and microbia
characteristicsof soils. Quantitativeandysisof soil mi-
crobial population showed marked decreasein differ-
ent microbid groupsof contaminated soil samples. The
sengitivity of different microbid group wereintheorder
of total viable Bacteria> Fungi > Actinomycetes >
Rhizobium and Azotobacters. Theavail ability of nutri-
entswerevery low in soil dueto the heavy metal con-
tamination, followed by reductionin microbid activity.

From the present study conclusion can bedrawn
that soil samplesof siteA weremore polluted than site
B, although both areaswere near to permissiblelimit.
Determining corel ationship of the heavy metal contami-
nationsand their sourcesat any industria belt helpto
understand their impact on environmental risks.
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