Trade Science Ine.

ISSN : 0974 - 7532 Volume 6 Issue 1

Reseanch & Reviewsd cn

BioSciences

>, REGGWlOr Peper

RRBS, 6(1), 2012 [16-21]

| mpact of petroleum hydrocarbon on soil enzymatic activities in

agricultural soil around arefinery

Geetima Deka'’, Arundhuti Devi?, Krishna G.Bhattacharyya?
!Resource M anagement & Environment Division, | ASST, Guwahati, 781035, (INDIA)
2Department of Chemistry, Gauhati Univer sity, Guwahati 781014, (INDIA)

E-mail : geetimadeka@r ediffmail.com

Received: 11" December, 2011 ; Accepted: 13" January, 2012

ABSTRACT

The accumulative levels of Total petroleum Hydrocarbons (TPH) on agri-
cultural soil around an ail refinery were monitored. Four major sitesaround
the refinery were chosen: east, west, north and south. Experiments were
done in two seasons. pre monsoon and post monsoon. The enzymes
arylsulphatase and urease activities were measured to evaluate the effects
of TPH on soil biochemical characteristics. Results showed that the study
area were soil were contaminated by TPH. Soil TPH and arylsulphatase
activity varied in the sequence west>north>south>east in both the sea-
sons. However, the changes in urease activity showed directional varia-
tion in both the seasons. Correlation studiesillustrated that at the current
pollution level, soil TPH concentration was positively correlated with
arylsulphatase activities. On the contrary, the urease activities showed a
significant negative correlation with the TPH concentration. Thisindicates
that soil enzymatic activities could be used asasensitive biological indica-
tor of petroleum contamination. Thisstudy will be supportiveto use proper
bioremediation techniqueto detoxify the petroleum contamination for their
ultimate removal from the soil. © 2012 Trade ScienceInc. - INDIA
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INTRODUCTION

The petroleum industry is one of the major con-
tributorsof different contaminantsto the environment.
The emergent threet to the natural environment caused
by petroleum wastes dueto release of effluent inthe
form of wastewater and gasflaring has assumed great
importance during the past few years because of in-
creased awareness of itsenvironmental implications.
Thewastewater released by therefineriesare charac-
terized by the presence of large quantitiesof polycyclic

and aromatic hydrocarbons, phenols, metal derivatives,
surface-active substances, sul phides, naphthylenic ac-
idsand other toxic chemicals. Gasflaring isthe con-
trolled burning of natural gasesassociated with oil pro-
duction. The cons stent flaring | eft adevastating effect
on the surrounding environment. Gasflareshave po-
tentiadly harmful effectson thehealth and livelihood of
thecommunitiesinther vicinity, asthey releaseavari-
ety of poisonous chemica sincluding nitrogen dioxides,
sulphur dioxide, volatile organic compounds|like ben-
zene, toluene, xylene and hydrogen sulfide, aswell as
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carcinogenslike benzapyreneand dioxin. Every year
coastal areas discharge 600 tons of hydrocarbons of
industrial and urban origin, in additionto the 200 tons
discharged by refineriesa one. While such contaminant
penetratesinto the soil, it disturbsthe structure of the
s0il and modifiesitsphysco-chemica properties. They
aso affect thebiologica propertiesof thesoil by modi-
fying thepopulationsof particular microorganisms. This
inturn, affectsthe soil enzymatic activity and the con-
tent of assimilablemacro and microdementsformsinit.
Under such conditions, thetake up of macro e ements
by plant changeswhich affectsthegrowth and produc-
tivity of thearable crops. Besides, soil enzymatic ac-
tivitiesaresengtivebiologica indicator of soil pollution
and could be changed under pollution stress. Itisan
important soil attributeand may serveasarobust mea
sureof soil health and cultivation potentia®.

Theeffectsof heavy metd sand petroleum hydro-
carbonson soil enzymetic activitieshave been reported
earlier! 357914 Soj| enzymesparticipatein many bio-
logical processesin soil and offer auseful assessment
of soil “function’. Petroleum hydrocarbons are highly
recdcitrant andtheir biologica transformation mediated
by bacteriaand fungi representsapotential route for
their ultimateremova fromthesoil environment. More-
over, among severa clean-up techniquesavailableto
remove petroleum hydrocarbons from the soil and
groundwater, bioremediationtechniquesaregainingim-
portance dueto their ease, higher efficiency and cost
efficacy compared to other technologies.

Theaim of the present study wasto determinethe
enzymétic activitiesof the agricultural soil surrounding
the Bongaigaon Refinery of Assam, India. The study
alsoincludestheimpact of paddy soil total petroleum
hydrocarbon on soil enzymétic activity.

MATERIALS& METHODS

Sitedescription

Theareachosenfor the study isinthevicinity of
Indian Oil Corporation Ltd. (Bongaigaon Refinery);
formerly known as Bongaigaon Refinery and Petro-
chemicd Limited (BRPL), Dhaligaon,(latitude 26.47°N
and longitude 90.57°E) Assam, India. The effluents of
Bogaigaonrefinery drainsintoasmall rivulet the Tunia
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naaoriginatingfrom therefinery complex and ultimately
drainsintoriver Tuniainthe southern sideof therefin-
ery. Thisriver passesthrough theagricultural lands of
severa villageslocated along itsway. These agricul-
turd landsaresituated at adistance of about 3km gpart
fromtherefinery. Thewater of thisriver isused by the
farmersfor raising crops. In the northern and western
side, there are two gas flaring points surrounded by
bareagricultura landswherethe effect of the effluent
does not come in contact. In the eastern side of the
refinery thereis scattered human habitation. Theeffects
of long-term petrol eum containing wastewater irriga
tion and d so the effects of the gasflaring onthe soil of
agricultura land surrounding the Bongaigaon Refinery
have not yet been studied. To understand if soil func-
tionsare affected by therefinery activities, soil total
petroleum hydrocarbon and enzymatic activitieswere
taken as ameasure of the soil health to evaluate the
pollution stress.

Samplecollection

Soil sampleswerecollected from al thefour direc-
tions (east, west, north and south) during pre monsoon
(inMarch) and post monsoon (in October) season. Five
different locations had been randomly identified within
250m vicinity from theboundary wall of therefinery.
Only top soil (0-25 cm) from each sitewas coll ected at
aninterva of 50m. The collected sampleswere brought
to thelaboratory in polythene bags and stored inthe
refrigerator at 4°C until anaysis.

The collected sampleswereanayzed for total pe-
troleum hydrocarbon (TPH) and the aryl syl phatase ac-
tivity (ASA) and urease activity (UA).

Experimental

Soil tota petroleum hydrocarbon was extracted by
soxhlet extraction using dichloromethane as sol vent.

Arylsulphatase activity as pg p-nitrophenol/g dry
samplewasmeasured asfollows: 0.25 ml toluene, 4 ml
acetate buffer (pH 5.5) and 1 ml of 0.115 M p-
nitrophenyl sulphate (potassium salt) solution were
added to the 1 g sample. After incubating the samples
for 1 hat 37°C, the formation of p-nitrophenol was
determined spectrophotometricaly at 410 nmi*- 2,

Urease activity was measured by the method of
Hoffmann und Teicher asfollows: 7.5 ml citrate buffer
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(pH 6.7) and 10 ml of 10% ureasubstrate sol ution were
added to 5 g soil, and subsequently the sampleswere
incubated for 3hat 37 °C. The volume was made up
to 100 ml with distilled water at 37 °C. Following filtra-
tion through Whatman No. 42 filter papers, 1 ml of
filtratewasdiluted to 10 ml with distilled water, and 4
ml of sodium phenolate (12.5% (w/v) phenol +5.4%
(w/v) NaOH) and 3 ml of 0.9% sodium hypochloride
were added. Therel eased ammonium was determined
spectrophotometricaly a 578 nm.

All theresultsobtained fromtheaboveandysswere
compared with asoil sample (control C) takenfroman
areawherethe affect of therefinery doesnot comein
contact.

RESULTSAND DISCUSSION

Total petroleum hydrocar bon

The average concentrations of TPH for both the
seasonsareshownforinTABLE 1.

TABLE 1: Mean concentrationsof TPH

direction season TPH (mg/kg) Control
South Pre monsoon 720.12
Post monsoon 589.99
Pre monsoon 942.22
North
Post monsoon 663.20
West Pre monsoon 1231.31 BDL
Post monsoon 956.73
Pre monsoon 210.10
East
Post monsoon 159.30

Thefirst observation to make from the analyzed
dataisthat all the soil sampleswere highly contami-
nated by TPH with respect to the control soil and the
contaminationishigher in premonsoon season thanthe
post monsoon. The reason for thisvariation may be
dueto thefact that higher fractions of hydrocarbons
evaporate moreor lessrapidly specifically in hot cli-
mates, and contributeto atmospheric pollution, which
ultimately depositsinthesoil. In premonsoon seasonit
isvery likdy that they say moretimein suspensonwith
the environment than the post-monsoon. On other hand,
intherainy season, (postmonsoon) the particlesact as
cloud condensation nuclei (CCN), performed moist
deposition. For thisreason, the pollution particlesre-

main in the atmosphere less time than dry season
(premonsoon). Total petroleum hydrocarbon accumu-
lationinthe soil isaffected by the absorption of soil
particles and the degradation of microorganisms.

Another mgor observationisthat contaminationwas
higher inthewestern direction and variesin the sequence
west>north>south>east. Thisvariation may bedueto
the presence of gasflaring pointsinthewestern andthe
northern directionwhich increasestheamount of TPH
inthesedirections.

A comparativerepresentation of thespatia and sea
sondl variation patternof TPH indl thefour directions
isshowninFigurel.

Enzymaticactivity
Theaverage arylsul phatase activity and the urease
activity inal thefour directions of the soil samplesare
showninFigure2 and Figure 3 respectively.
Arylsulphatase enzymesareresponsiblefor thehy-
drolysisof aromatic sul phate estersto phenolsand sul-
phate or sulphatesulphur inthesoil. Thisenzymeplays
animportant roleinthecycling of sulphur and canbean
indicator of the mineralization of sulphur compoundsin
soil@l,
R_0-SO- Hydrolysis
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Studieshaveshownthat therd easeof sulphatefrom
soluble and insoluble sulphate estersin the soil is af-
fected by variousenvironmental factorssuch asheavy
metal and petroleum hydrocarbon pollution, p™ changes,
organic matter content and itstypein the soil.

The present study indicatesthat aryl sul phatase ac-
tivitieswere higher in post monsoon season than the
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pre monsoon. Thevaluefor the control soil was22.14
mg p- nitrophenol produced/g soil/hr, whichismuch
lower than the collected soil samples. Thesefindings
aresimilar to those off? and Jenkinson® who reported
that arylsulphatase activity increased inwet conditions.
They concluded that this phenomenonislargely dueto
more mineralization of organismskilled or damagedin
dry season. Cooper!® aso concluded that during rainy
season, when soilswere continually moist, activity in-
creased, but at theend of therainy season, asthesoils
dried out, aryl sulphatase activity wasagain reduced. It
wasalso observed that the activitiesfor both the sea-
son followed the sequence west>north>east> south.

Urease enzymeisresponsiblefor thehydrolysisof
ureafertilizer appliedtothesoil into NH, and CO, with
concomitant risein soil p™.

NH,CONH, +H,0 = 2NH, +CO,

Thisinturn, resultsinarapid N lossto the atmo-
spherethrough NH, volatilization. Duetothisrole, ure-
aseactivitiesareconsdered vita intheregulation of N
supply to plantsafter ureafertilization. However, ure-
aseactivity in soilsisinfluenced by many factorslike
organic matter content of the soil, soil amendments,
heavy metals, petroleum hydrocarbonsetc.
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It was observed from the present research that the
changes of urease activitieswere not uniformfor both
the seasons. Thevaluefor the control soil was0.782
mgN hydrolyzed/g soil/3 hr. Theactivitiesfor the south-
ern and the northern direction did not show aregular
trend whilefor thewestern and the eastern direction
theactivitieswerelower in post monsoon season. This
seasonal variation may be dueto the ureafertilizer ap-
plied onthesoil for thecultivation.

Thesevariationsfor both the enzymes can bewell
understood by the correl ation study with Total Petro-
leum Hydrocarbons.

TABLE 2: Correlation coefficient between TPH (premon-
soon)

ASA UA TPH

ASA 1

South UA -0.756 1
TPH 0.985* -0.634 1
ASA 1

North UA -0.827 1
TPH 1.000* -0.956* 1
ASA 1

West UA -0.715 1
TPH 0.787** -0.998* 1
ASA 1

East UA -0.879 1
TPH 0.999* -0.894* 1

TABLE 3: Correlation coefficient between TPH (post mon-
soon)

ASA UA TPH

ASA 1

South UA -0.999* 1
TPH 0.998* -1.000* 1
ASA 1

North UA -0.827 1
TPH 0.984* -0.724 1
ASA 1

West UA -0.715 1
TPH 0.994** -0.636* 1
ASA 1

East UA -0.879 1
TPH 0.882* -1.000** 1

Correation between EnzymaticActivity and TPH
Enzymeactivity isasenstiveindicator of petro-
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leum contamination®. Thecommunity structureand di-
vergty of microbia communitiesand enzymatic activi-
tiesin the soil ecosystem could be changed under the
pollution stress. Inthisresearch, TPH showssgnificant
positivecorrel ation with aryl sulphatase activity whileit
shows negative correl ation with urease activity in both
theseasons (TABLE 2 & TABLE 3).

For arylsulphatase activity highest correlation was
found in the western direction for both the seasons
(r=0.787 and 0.994; p<0.01). Thismay be explained
by thefact that both arylsul phatase activitiesand TPH
concentrationswere higher inthisdirection for both
the seasons. Theincreasein arylsul phatase activity
indicatesthat petroleum hydrocarbon utilizing bac-
teriawere present in the soil which can tolerate oil
contaminated environments becausethey possessthe
capability to utilize oil asenergy sources. Thehigh
content of organic carbon compoundsin petroleum
wastes stimulates the activity of theenzyme by in-
creasingthemicrobia population. Thisinturn helped
in mineralization and degradation of organic matter
present in the petroleum wastes. In the present study
it wasfound that TPH concentration waslower in
postmonsoon than the premonsoon while
arylsulphatase activity was higher in postmonsoon
than the premonsoon. Thusit may be concluded that
the enzyme aryl sulphatasefacilitates the degradation
of petroleum hydrocarbon present inthe soil. In pre
monsoon season due to hot and dry climatic condi-
tion the microorganisms present in the soil diesand
asaresult thefractions of petroleum hydrocarbons
get hydrated and agglomerate in the soil. In the
postmonsoon season the activity increasesdueto the
regrowth of the microorganismswhich degraded the
petroleum hydrocarbons present in the soil. How-
ever, it was reported that only the intermediate frac-
tions of petroleum hydrocarbons are biodegradable
while heavy fractions are not easily degradabl €9,
Thus heavy fractions of hydrocarbons may accumu-
lateinthesoil forming asuperficid filmswhich hinder
thenormal functioning of the soil.

Urease activity shows negative correlation with
TPH. Thecorrdationissignificant inall thedirections
except inthe premonsoon season of southern sideand
post monsoon season of northern side. Oneof the pos-
sible explanationsof thisphenomenon can bebased on

therecent assumptionsthat lipophilic toxic compounds
such aspolycyclic aromatic hydrocarbon presentinre-
finery wastesmay interact with lipophilic components
of cytoplasmitic membrane of bacteria, thusaffecting
their permiability and structure, which reducestheir ac-
tivity. Further, it may be dueto the high concentration
of availablenitrogen in the petroleum wastes. Decline
inureaseactivity in presenceof TPH preventstheuutili-
zation of ureafertilizer gppliedto thesoil for cultivation
which deterioratesthe soil health.

CONCLUSION

The present investigation showed that refinery op-
erations had contaminated the soil by petroleum hy-
drocarbons. Thewestern directionishighly contami-
nated by TPH and the contamination ishigher in pre
monsoon season. The correl ation studiesindicate that
aryl sulphatase activity showssignificant positive cor-
relationwith TPH while urease activity shows negative
correlation. Biodegradation by natural popul ations of
microorganisms is the basic and the most reliable
mechanism by which xenobiotic pollutants, including
crudeoil areeliminated from theenvironment. Growth
simulation of indigenousmicroorganismsinocul atedwith
foreign oil degrading bacteriaisapromising way of ac-
celerating decontaminating and degrading activitiesat a
polluted site with minimum impact on the ecol ogical
systems. The study will be helpful to use proper
bioremedi ation techniqueto detoxify the petroleum hy-
drocarbonsfor their ultimateremova fromthesoil. This
will also helpto assess soil fertility statusfor longterm
sustainableagricultura productivity with minima envi-
ronmental impact. However, the study suggeststhat
chemical analysisaloneisnot adequatefor toxicologi-
ca estimationsand should be usedin conjunction with
bi oassaysto decontaminatethe polluted soil.
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