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ABSTRACT

The impact of hydrocarbon industrial wastes on soil physico-chemical,
biological and enzyme propertieswas assessed in the present study. Con-
tamination of soil with hydrocarbon industrial wastes cause the changes
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in physico-chemical, biological and enzymatic properties but undetect-
able towards soil water holding capacity, sand, Potassium and organic
carbon. Soil enzymes such as protease and cellulase enzyme activities
were higher whereas dehydrogenase enzyme activity islower in test than
control. With increasing the soil incubation period, soil protease and cel-
lulase activities were increased whereas dehydrogenase activity was
ceased in polluted soil in comparisons to control. Higher bacterial and
fungal population was observed in the contaminated soil than control.
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INTRODUCTION

Thereisincreasing pressureto providebasic needs
such asfood, fiber and shelter to the growing popul a
tion, in particular, devel oping countriesintheworld. In
order to meet basic needs, many agro-industries are
being devel oped with |east concern towards environ-
ment. Agro-industriesinclude pul p, paper, sugar, gin-
ning, textile, dairy, dyes, edibleoil and fruit processng
and generatelarge volume of liquid/solid effluentsand
releasetheminto the environmentt. Include pul p, pa-
per, sugar, ginning, textile, dairy, dyes, edibleoil and
fruit processingand generatelargevolumeof liquid/solid

effluentsand releasetheminto the environment. Thus,
advancein technology and industridization bring with
them unpl easant partners, poll ution and degradati on of
theenvironment. Theeffects on theenvironment, con-
nected withindustrid activitiesaremainly related tothe
production of industria wastes. Damageto theenvi-
ronment in particular, soil anatural resourcethrough
industrial effluents, adversely affectsagricultura pro-
duction and may leadtofood crisis.

Soil isadynamic, living, non-renewableresource
that playsmany key rolesinterrestrial ecosystems23.
Anthropogenic activitiesaffect thequdity of soil, which
was defined by Doran and Parking, 199412 as ““the
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capacity of soil to function within ecosystem bound-
ariesto sustain biologica productivity, maintain envi-
ronmentd qudity, and promoteplant andanimd hedth”.
Soil enzymesplay key biochemicd functionsintheover-
all processof organic matter decompositioninthe soil
system*®), They areimportant in catalyzing severa im-
portant reactions necessary for the life processes of
microorganismsin soilg9. Soil enzymesarehighly in-
volvedinthedecomposition of soil organic matter and
nutrient cycling. Theseenzymeactivitiesarebiosensors
of soil degradation sincethey integrateinformation about
microbid statusand a so from physico-chemica con-
ditiond™. Hydrocarbon industry is one of the agro-
based industries, which produces the High viscose car-
bon sourceie.Carboxy methyl celluloseismain prod-
uct of thisindustry and itismainly using for the reduc-
tionof soil frictionwhilemaking soil drilling. Inthispro-
cesscdluloscwastewastreated with 0.1N NaOH (so-
dium hydroxide). In thisprocesshugevolume of waste
was generated and discharged to surrounding fields.
Thewaste contain considerable amount of organic sub-
stratesintheform of cellulosic waste?. Discharge of
theeffluentsmay ater the physicochemicd and biologi-
ca propertiesinterrestria ecosystemincluding coastal
marine and inland water bodies received more atten-
tionthaninland terrestrial system™12, Soil enzymesare
highly involvedin thedegradation of soil organic matter
and nutrient cycling. Theseenzyme activitiesare sen-
sorsof soil degradation and fertility™*3. Sincethey inte-
grateinformation about microbid status, and dso, from
physico-chemical conditions™9. They may correlate
well with nutrient availability!™. The main objective of
thisstudy wasto determine soil physico-chemical, bio-
logical parametersand soil enzymeactivitieslike pro-
tease, cellulase and dehydrogenase in waste contami-
nated soil.

MATERIALSAND METHODS

Collection of sail

Soil samples collected from different location,
where organic wasteis being discharged by hydrocar-
bon factory located Nagari village, Chittor District of
AndhraPradesh, India. Soil sampleswith effluent dis-
chargeswereused in adl experimentsconducted inthe
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present study. These soil sampleswereair dried and
mixed thoroughly to increase homogeny and shifted to
<2mmsevesfor determination of soil textureand used
for phys co chemica and enzymatic activities.

Phys co-chemical propertiesof hydrocarbonindus-
trial waste

Minera matter of soil samplesuchassand, siltclay
contentswere analyzed with use of different sizes of
sievesbyfollowing method*¥. Cent percent water hold-
ing capacity of soil samplewasmeasured by finding
amount of distilled water added to soil sampleto get
saturation point and then sixty percent water holding
capacity of soil samples were calculated by the
method*®. Soil PH was measured at 1:1.25 soil to
water inratioin Elico digita PH meter withacalome
glass el ectrode assembly. Organic carbon content in
soil sampleswas estimated method™” and the organic
matter was cal culated by multiplying thevalueswith
1.72*8, Electrical conductivity of soil samplewith ef-
fluent dischargesafter addition of 1700 mL distilled wa-
ter to onegram of soil samplewasmeasured by Con-
ductivity Bridge. Soluble phosphorousin soil sample
was quantified by the method!*9.

Microbial propertiesof soil polluted with hydro-
carbon industrial waste

Themicroorganismsplay avita rolein nutrient cy-
cling and soil fertility. Microfloraof both soil samples
wasenumerated and listed in TABLE 2. Bacterid and
fungal popul ationswere observed and compared with
control soil. Higher bacterid and fungd populationsare
observed inthe contaminated soil. Higher bacteria and
fungd population inthe contaminated soil may bedueto
higher PH inthe sail. In contrast irrigation with lactose
dairy factory effluent enhanced soil biological activity
and nutrient cycling®24, Similarly Narasmhaet al .19,
reported that dischargeof effluentsfrom cotton ginning
industry and sugar industry!?, improved soil microbia
populations. For instance bacterial and fungal popula
tionin hydrocarbon industry waste soil was 110x103
CFU/g of soil, 3x103 CFU/g of soil respectively.

Soil protease Assay

Atdesredintervas onesa of triplicatesoil samples
received 10mL of 0.1 mTris, (2— amino-2-hydrox—
methyl propane 1:3 diol, PH 7.5) containing sodium
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casainate (2% w/v) whereas condition of 10mL of 0.1
m Trisbuffer without casel nate was made to another
set of triplicate soil samples. Both setswereincubated
for 24 hours at 30°C and four mL of (17.5% w/v)
trichloro acetic acid was then added and the mixture
was centrifuged. A suitablealiquots of the supernatant
wastreated with 3mL of 1.4 M Na2Co3 (sodium car-
bonate) followed by the addition of folin-ciocalteure-
agent (33.3% v/v). Theformation of blue color was
read after 30 minutes at 700 nm in aspectrophotom-
eter (Baushand Lomb). Tyros neequivadentsformedin
the supernatant was estimated by referring tyros nestan-
dard curve.

Sail cellulase assay

Five gram samples of soil were placed in 50 ml
Erlenmeyer flasksand 0.5 ml of toluene was added.
The contentsin theflasksweremixed thoroughly and
after 15 minutes, 10 ml of 1% carboxy methyl cellulose
(CMC). Theflaskswerethen incubated for 30 minutes
and approximately 50 ml of distilled water was added.
The suspension wasfiltered and the volume of thefil-
trate was made up to 100 ml with distilled water. Re-
ducing sugar content inthefiltratewasdeterminedin
spectrophotometer (Bausch and Lomb).

Soil dehydrogenase assay

This method was based on reduction of 2,3,5
Triphenyl tetrzolium chloride (TTC) soil samplewere
treated with 0.1g CaCo3 and 1ml of 0.18M acqueous
TTC incubated for 24hrsat 30°C temperature Theend
product, triphenyl formazoneformed wasextracted with
methanol from thereaction mixture and theend prod-
uct was measured at 485nm in spectrophotometer
(Bausch and Lomb).

RESULTS

Physicochemical propertiesof hydrocarbon indus-
trial waste

Soil fertility mediated by microorganismisdepen-
dent on maintenance of physicochemical characteris-
ticsinsoil. Soil samplecontaminated with hydrocarbon
waste underwent changesin all measured parameters
of physical and chemical properties.

Disposd of industria waste madethesoil unpleas-
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TABLE 1: Physico- chemical opertiesof soil contaminated
with/without industrial waste

. Contaminated Control
Properties

soil* soil?
Colour Gray Red
Odor Bad Normal
Texture: (%)
Sand 93.95 65.42
Silt 3.45 17.38
Clay 2.6 17.20
pH 85 8.6
Electrical conductivit
(Mhog/em) y 0.35 0.93
\(’rﬁ‘}g(;"g'lr)‘g capacity 0.6 0.4
Organic carbon (%) high low
Phosphorus (kg/h) 56 50
Potassium (kg/h) 78 115

Contaminatedl: Soil with hydrocarbon industrial waste.
Control2: Soil without hydrocarbon industry waste.

ant odor and importslight red col or. Electrical conduc-
tivity of contaminated soil was0.35mhos/cm and water
hol ding capacity was higher than thecontrol soil. Higher
water holding capacity and lower eectrical conductiv-
ity inthe polluted soil may be dueto accumulation of
organicwastesin form of cellulosicwastein the soil.
Sail texturewas measured in termsof percentages of
sand; st and clay. Inthisstudy thesewere 93.95 3.45
and 2.6 and 65.42%, 17.38 and 17.20 percentagesin
the control and polluted soilsrespectively (TABLE 1)
Theseresultsindicated that wasted polluted soil had
relatively higher sand, lower silt and clay contentsthan
control soil (TABLE 1) The pH of the test soil was
dightly declined from 8.6 t0 8.5 in contaminated soil
whereas higher organic carbon, phosphorousand lower
Potass um content were observed in contaminated soil.

Biological characteristics

Themicrofloraof both soil sampleswasenumer-
atedandislistedin TABLE 2. Twofold higher bacte-
rial and fungal populationswere observed in thetest
soil over thecontrol soil.

Cdlulaseactivity

Thecdlulaseactivity insoilssupplemented withand
without substrateswas measured intermsof release of
glucosefrom externally added substrate carboxy me-
thyl cellulose (Figure 1). Thereisincrement inthefor-
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TABLE 2: Microbial population soil with/without contami-
nated with industrial waste

Par ameter Contaminated soil* Control soil?
Bacteria 110x10° 60x10°
Fungi 3x10° 2x10°

* Microbial population were counted in the form of CFU/g sail
Contaminatedl: Soil with hydrocarbon industry waste.
Control2: Soil without hydrocarbon industry waste.

mation of glucoseasaend product with increasing the
incubation days. For instancein polluted soil within-
creasing thesoil incubation periods soil cellulaseactiv-
ity alsoincreased up to 16th day interval and further the
activity was ceased at 24 day of interval (Figurel).
Cedlulase activity in polluted soil was 933ug-1GEg-
124h-1 of glucose at 0 day and 3111 ug-1GEg-124h-
1 at 16th day intervas. Cdlulaseactivity increased by
2-3foldsat 16th day interval and declined by 1-2folds
at further incubation days. (Figure 1) Furthermore,
higher cellulase activity wasrecorded intest soil than
thecontrol soil at al incubation periods. Thecellulase
activity was measured in native soil samplewithout
supplementation of substrate, carboxy methyl cdllulase.
Sametrend was observed in this case a so cellulose
activity increased up to 16th day of interval and was
ceased in both soil samplesat 24th day. For instance
cdllulaseactivity inpolluted soil was 177ug-1GEg-124h-
1 of glucose at 0 day and this was increased by 2-3
folds higher activity to 622ug-1GEg-124h-1 at 16th
day and later it wasdeclined to 1-2 fol ds (466ug-1GEg-
124h-1 at 24th day interval). Similar trend was noticed
inthecontrol soil. Overdl improved cellulase activity
was observed intest samplethanin control sampleat
all incubation periods. The present resultsclearly indi-
catethat theactivity of cellulaseasgreatly enhancedin
test soil over thecontrol (Figurel).

Protease activity

Protease activities of both thetest and the control
soil sampleswith and without substrateswere deter-
mined with the amendment of substrate (1% casein)
and theresultsshownin Figure 2. With increasing the
soil samplesat different daysof intervals, the protease
activity wasraised up to 3foldsat 24" day of interval
and further ceased in both control and test soil samples
at 32nd day interval. For instance, protease activity of
the test sample at 0 day was 42 ug TE g-1 24h-1, it
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Figurel: Cdlulaseactivity of soil contaminated with/with-
out industrial waste.

increased to 336u g TE g-124h-1at 24 days, and later
declinedto 260 ug TE g-124h-1at 32 days (Figure 2).
The protease activity suited without supplementation of
substrate and the results shown in Figure 2. Protease
activity of thetest ssmpleat initial day was14ug TE g-
124h-1,itincreased to 77 ug TE g-124h-1at 24 days,
and later declined to 42 ug TE g-124h-1at 32 day of
intervas.
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* Values represented in the Figure are mean of + SD (Stan-
dard Deviations).

Figure2: Proteaseactivity of soil contaminated with/with-
out industrial waste

Dehydrogenaseactivity

The Dehydrogenase activity was measured interms
of release of trichloroformazone from the externally
added substrate 2, 3, 5 Triphenyl tetrzolium chloride
and resultsshown in (Figure 3). Whileincubating the
soil at different timeinterva sthedehydrogenase activ-
ity wasincreased up to 16th day of interval, and was
declined at 24th day in both soil samples. For instance
dehydrogenase activity of the control soil at 0 day was
108ug TF g-1 24h-1, and 6479 TFg-1 24h-1at 16th
day (6 foldsimprovement in dehydrogenase activity),

s LBioTechnology

An Tudian Yourual



276

Microbiological and enzymatic properties of soil contaminated

BTAIJ, 6(8,9) 2012

FULL PAPER o

and thereafter declined by 2 foldsto 439 ug TF g-1
24h-1at 24 days. in polluted soil sametrend observed.
Furthermore, higher dehydrogenates activity wasre-
corded in control soil samplethanin polluted sampleat
all incubation periods. The polluted sample exhibited
lowered dehydrogenase activity over the control at O
day interva, itwas94 ug TF g-124h-1against 108 ug
TF g-1 24h-10f the control soil and same trend was
continued at the rest of theincubation periods. The
present results clearly indicatethat the Dehydrogenase
activity wasdecreased in contaminated soil over the
control (Figure3) the experiment was conducted with-
out supplementation of substrate and theresultsshown
inFgure 3. By increasing the soil incubation period, the
dehydrogenase activity wasincreased up to 16th day
of interval and was declined in both samplesat 24th
day. For instantce dehydrogenase activity inindustria
waste contaminated soil was 16 ug-1TFg-124h-1 and
control soil was 27ug-1TFg-124h-1 of at 0 day and
thiswasincreased by 2 folds higher activity to 24ug-
1TFg-124h-1 and 40 ug-1TFg-124h-1 at 16th day and
later it wasdeclined by 1-2 foldsto 16 ug-1TFg-124h-
1and 19 ug-1TFg-124h-1 at 24th day interval.

0O Coriarineted salis)
Crrtarriretad sclWT

0O Cortrd =0l (WS

N O Ciorirol =al - (AT

formazone in m

e

n of Trichloro

15 21
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* Values represented in the Figure are mean of + SD (Stan-
dard Deviations).

Figure3: Dehydrogenaseactivity of soil contaminated with/
without industrial waste.

DISCUSSION

Ingenera, organic amendmentssuch ascrop resi-
dues, anima manures, |ogging and wood manufactur-
ing residues, variousindustrial organicwastes, sawage
wastes, food processing and fiber harvesting wastes,
are naturally occurring compounds that are used as

BioTechnology — o

additivestoimprovesoil physicd conditionsand/or plant
nutrition. Oneof the possiblereasonsfor improving the
s0il properti escould bedueto dumping of organicwaste
that may contribute increase the organic matter and
nutrient content in the soil'?3. In this study, hydrocar-
bonindustrial waste had relatively lower clay and silt
contentsthan the control soil. Other studieshavefound
thesame, likelong term application of sewage effluents
and cotton ginning mill effluentd®®, Dairy wastewa
ter®, Increasinginwater holding capacity and decreas-
ing electrica conductivity inthetest soil may bedueto
accumulation of organic wastesand saltsinthe efflu-
entswaste of carbohydrate industry. Similar observa
tions made by other workers like cotton ginning
millg1025264  Paper millg?, Dairy industry?®. Higher
electrica conductivity dso observedin soilstrested with
distillery effluentd? and sodium based black liquor from
fiber pulpingfor paper making™. In contrast, soil pol-
luted with cement dust from cement industrieshad low
water holding capacity and high ectrical conductivity
1, Thedight dropinthepH of thetest soil isexplained
interms of release of effluentswith acidicin nature,
from hydrocarbon industry. Samewas noticed in the
discharges of sugar cane residuesfrom sugar indus-
tryt®, sewage effluents® to sol sdecrease the soil pH.
Thehigher organic matter of thetest soil may bedueto
thedischargeof effluentsinan organic nature (cellulo-
sicwastes). Similarly, municipa waste, effluents of
cotton ginning millS*?! onto the soils, significantly in-
creased the soil organic matter and total nitrogen con-
tent. Higher microbia populationin thetest soil possi-
bly dueto the presence of higher organic matter with
acidic nature of effluents. Monanmani et al.* and
Narasimhaet al.:1*%! reported that microbia popul a
tionswasprofusealy increasein soilspolluted with a co-
hol and cotton ginning mills. Cdlulaseisacoreenzyme;
it consistsof exo, endo and B-glucosidases. This en-
zymesynergidticaly actson cdllulose polymer subgirate,
areabundantly avail ableon earth surfaceinwood, chips,
rocks, municipal wastes. On the other hand, cellulose
isthe most abundant polysaccharide of plant cell walls
and represents significant input to soil§%. Cellulose
hydrolysisinto glucoseismainly achieved by complex
enzymecelulase, produced by fungi®. However, these
enzymesareextensvely studied in plant litter®49, Fur-
thermore, liberation of these enzymes by microbesdur-
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ing litter decomposition may beinfluenced by many fac-
tors like temperature, pH and substrate concentra-
tionl. Theactivity of cellulase wasindicated by the
presence of substrateslike cellulose polymer of cello-
phang®2#, cdllulose powder™ and carboxymethyl cel-
lulosg“l, Nevertheless, cdlulaseactivity waspotentidly
corrdated with fungd and bacterid populationsin soil e,
Littleinformationisavailableon theeffect of industrid
effluentson soil cdlulaseactivity. Inthisdirection, cd-
lulase activity was enhanced in soilstreated with the
effluentsof textileand sugar industry™®’, Cotton ginning
millS*, paper mill effluent and amendment addition*,
solid urban waste® and sodium based black liquor
from fiber pulping for paper making® over untreated
soils. Similarly, urban expansonintowildlandssignifi-
cantly increased the cellulase activity®™, Contrary to
this, soil contaminated with cement dust, thecellulase
activity was ceased®. In this assessment, results
showed that the cellulaseactivity in thetest samplewas
relatively higher thaninthecontrol sampleat al incuba:
tions. Theincreased percentage of cellulaseactivity of
thetest samplerange wasin between 22 and 57 over
thecontrol. Thus, activity wasincreased gradual ly but
not significantly. However, increasecdlulaseactivity in
soilswith effluent discharges may bedueto high avail-
ability of substrate, and abundant cellulolytic microor-
ganisms. But theactivity wasdeclined with timeinter-
vasmaximum at 30 days, itis probably because of the
exhaugtion of thereadily avail able subgtrate. It hasbeen
very wel| established that thedischargeof effluentsfrom
tomato processing unit™, cotton ginning mill®“8l, paper
mill and pressmud addition®, and cotton ginning mill3,
paper mill and black liquor from straw pul ping™=® in-
creased thecdllulaseactivity in thetest over thecontrol
sample. Paramaet al.> reported that the soil treated
with urban wastes along with additives such as cow
dung, rock phosphate, green leaves and coir dust in-
creased the cdllulase activity inthe early incubations,
later it wasstabilized. Similarly, by increasingtheincu-
bation period, cellulaseactivity in soil streated with and
without fungicidewereincreased upto 20 days, later
were decreased™!. According to Joshi et al.,[*!, cellu-
laseactivity wasgreatly increased in soilstreated with
cdluloseandincreased cdlulase activity waspositively
correlated with fungal, bacterial number and moisture
content of litter. Nonethel ess, high significant correla

tion between cdllulase activity and soil respiration was
observed™! and microbial biomassby Kanazawvaand
Miyashita; Donnelly et al.>"%, Additiondly, by increas-
ing theeffluents concentrationinthecontrol sample, the
cdluloseactivity wasincreased, maximum at 50%, there
after decreased. Decreased activity of cellulaseat higher
concentrations of effluentsmay bedueto theexposure
of cell freeenzymeto highly concentrated effluents.
Similar observation wasmade by Sreenivasulu,™ that,
at high concentration of fungicideinsoil, thecellulase
activity wasinhibited. Soil enzyme proteaseisexcreted
by thesoil microorganisms, plantsand animasby means
of their metabolic activities. Thisisan extrace lular en-
zyme secreted by soil microorganisms. Itisdistributed
among soilsexhibited awiderangeof activities™!. Pro-
teasesin soils hydrolyze not only added proteins, but
also native soil added proteind®. In the present as-
sessment, increased proteolytic activity inthetest soil is
duetothe organic substrates, nutrientsapplied andin-
creased proteolytic microorganisms in the test soil
sample. Similar reportswere made by other workersin
different incidents, such as, soilstreated with tomato
processing wastel®¥, effluents of cotton ginning
mills1%%, dairy shed effluentd® and pig Slurry’®? im-
proved the soil protease activity than the control soil.
But the activity was declined with time, maximum at
30days; itisprobably because of theexhaustion of the
readily available substrates. Similarly, in soilstreated
with dairy shed effluentg®, theactivity decreased with
thetime. In contrast, soils polluted with cement dust
from cement industries®?, wastewater treatment plant
dischargel®3%4, herbicides®!, insecticides®, and
chlorothionil® ceased the soil proteaseactivity. Onthe
other hand, ammonium fertilizer gpplication! did not
resultinany significant increasesin protease activities
dueto thelack of carbonaceous materialsintheam-
monium fertilizer. Increased proteol ytic activity by in-
creasing the concentration of effluent isaso correlated
with theresultsreported®, treatment of soil with pig
durry, higher protease activity was observed at higher
concentration of thisresidue. In contrast, Sreenivasul ™
reported that the protease activity was decreased at
higher concentrations of fungicidesin soil. Soil dehy-
drogenase activity isagood indicator of overal micro-
bia activityin soil, andit can serveasagood indicator
of soil condition®. Reddy and Fazal®® compared de-
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hydrogenase activity in soilsamended with™. without
dudgeof industrid originat different intervals, theac-
tivity was higher in soilswithout sludgethan in soils
amended withindustria dudge. Accordingto Doelman
and Haanstrd™. dehydrogenase activity wasinhibited
by addition of trace elementsto thesoil. Reductionin
dehydrogenate activity observed in soil polluted with
cement dust®™. The present report correlated with Karr
and Emerich("™¥., Decreasein the dehydrogenase activ-
ity was attributed dueto higher pH and exchangeable
Mg inthereaction mixtureasthe cofactor.

CONCLUSION

The present study clearly indicatesthat disposal of
wastefrom hydrocarbonindustry altersthe soil physi-
ca -chemical and biological propertiesandimproved
the soil protease, cellulase, and declined the dehydro-
genase enzyme activitiesin contaminated rather than
control soil
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