ISSN : 0974 - 7451

Snviconmental Science

Trade Science Ine.

Volume 7 Issue 8

A Tndéian Journal

—=  Qurrent Research Peaper

ESAIJ, 7(8), 2012 [310-319]

Remediation of used lubricating oil contaminated soil using

organic waste amendments

O.P.Abioye*13, P.Agamuthu?!, A.R.Abdul Aziz?
I ngtitute of Biological Sciences, Univer sity of M alaya 50603, Kuala Lumpur, (MALAY SIA)
2Department of Chemical Engineering, Univer sity of M alaya 50603, Kuala Lumpur, (MALAY SIA)
3Department of Microbiology, Federal University of Technology P.M .B. 65, Minna, (NIGERIA)

E-mail: bisyem2603@yahoo.com

Received: 29" April, 2012 ; Accepted: 16" August, 2012

ABSTRACT

Contamination of soil by used lubricating oil ismore prominent in devel op-
ing countries. This poses a serious threat to the flora and fauna in the
environment. Soil contaminated with 5%, 10% and 15% (w/w) used lubri-
cating oil was amended with organic wastes [banana skin (BS), brewery
spent grain (BSG) and spent mushroom compost (SMC)]. The study was
conducted under natural conditionsfor 12 monthsto determine the effects
of each organic waste on biodegradation of used lubricating oil. GC/FID
results of the oil extracts at the end of 12 months showed complete degra-
dation below detection limit for C_ to C,, hydrocarbon fractions, in all the
organic wastes amended treatments for 5% and 10% oil pollution. C,to C,,
hydrocarbon fractions were not completely degraded in unamended soil
and all treatmentswith 15% oil pollution, except BSG amended soil. BSG
amended soil recorded better degradation of C,, to C,, fractionsfrom 6871
mg/kg to 800 mg/kg, compared to BS and SMC treated soil. Compl ete deg-
radation of fluorene, phenanthrene, anthracene and pyrene below detec-
tion limits were recorded in BSG treated soil after 12 monthsin 5%, 10%
and 15% oil pollution. The results of this study attest to the potential of
BSG in enhancing oil biodegradation in soil. Hence, BSG can serve as a
good candidate for promoting biodegradation of used lubricating ail in
soil environment.  © 2012 Trade Sciencelnc. - INDIA
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INTRODUCTION

Environmenta pollution with petroleum and petro-
chemical products hasattracted much attentionin re-
cent decades. The presence of variouskinds of auto-
mobiles, vehiclesand machinery has caused anincrease
intheuseof motor oil. Oil spillagesinto theenviron-

ment have become oneof themagjor problems. Spillage
of used motor oilssuch asdiesd or jet fuel contami-
natesour natural environment with hydrocarbons.
Hydrocarbon contamination of theair, soil, freshwater
(surface water and groundwater), especialy by
polyaromatic hydrocarbons (PAHSs) hasdrawn public
concern because many PAHs aretoxic, mutagenic, and
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carcinogenic?4.

Theillegal dumping of used motor oil isan envi-
ronmental hazard with global ramificationg®. There-
lease of oil into the environment causes environmen-
tal concernsand attracts public attention®.Used lu-
bricating oil containssevera toxic componentsinclud-
ing up to 30% aromatic hydrocarbons, with asmuch
as 22 ppm benzo (a)pyrene (aPAH). PAHshave a
widespread occurrence in various ecosystems that
contribute to the persistence of these compoundsin
the environment!”. Prolonged exposureto high oil con-
centration may cause the development of liver or kid-
ney diseases, possible damage to the bone marrow
and an increased risk of cancer!®. Chronic effects
of naphthalene, aconstituent in used motor oil, in-
cludechangesintheliver and harmful effectsonthe
kidneys, heart, lungs, and nervous system. Dueto
their relative persistence and potential for various
chronic effects (like carcinogenicity), PAHs (and par-
ticularly theakyl PAHSs) can contributeto long term
(chronic) hazards.

Remediation of petroleum contaminated systems
could be achieved by either physicochemical or bio-
logica methods. However, the attendant negative con-
sequences of the physicochemical approach are cur-
rently directing greater attention to the expl oitation of
thebiological aternatived'?. Bioremediation of pe-
troleum hydrocarbon contaminated soilshasbeen rec-
ognized asan efficient, economic, versatile, and envi-
ronmentally sound treatment(*Y, Harder™? estimated
that bioremediation accountsfor 5to 10 percent of all
pollution treatment and has been used successfully in
cleaning uptheillegal dumping of used engineoil. Fac-
tors such asnutrientsmay limit therate of petroleum
hydrocarbon degradation. The addition of inorganic
or organic nitrogen rich nutrients (biostimulation) is
seen as an effective approach to enhance the
bi oremediation process**%.with positive effects of
N amendment on microbial activity. Therefore, the
objectives of thisstudy areto determinethe effects of
organic wastes amendments on biodegradation of hy-
drocarbon fractions (aromatic and aiphatic) in used
lubricating oil. It also aimsto study the effects of oil
concentration on biodegradation of used lubricating
oil, withintheperiod of 12 months.
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MATERIALSAND METHODS

Collection of samples

The soil samplesused for the bioremediation study
were collected inasack from thenursery section of the
Asia-Europe Institute, University of Malaya, Kuala
Lumpur and wastransported to thelaboratory for analy-
ss. Used lubricating oil was collected from aPerodua
car service centrein Petaling Jaya, whilethe organic
wasteswere collected from different |ocations; banana
skin (BS) wascollected from theInstitute of Postgradu-
ate Studies (IPS) canteen, University of Malaya, brew-
ery spent grains (BSG) was collected from Carlsberg
brewery, Shah Alam, Selangor and spent mushroom
compost (SMC) was collected from Ganofarm Sdn
Bhd, Tanjung Sepat, Selangor.

Soil preparation

The soil wasair-dried and passed througha2 mm
sieveto remove stones, root materials and other de-
bris. Theair-dried, sieved soil sampleswere polluted
withthree different concentrationsof used lubricating
oil: 5%, 10%, 15% (w/w) and thoroughly mixed. The
oil contaminated soil swere amended with 10% (w/w)
of different organic wastes. bananaskin (BS), brewery
spent grain (BSG) and spent mushroom compost
(SMC). After thorough mixing of theoil contaminated
soil with the organic wastes; 1.5 kg each of the soil
were packed into polythene plastic bags and set up at
theexperimentation site, exposed to sunlight and rain-
fdl for the period of twel vemonths. Two different con-
trol experiments were set up. One (control) was ail
contaminated soil without organic wastesamendment.
The second (control) did not contain organic wastes
but the soil used was autoclaved and mixed with 0.5%
(w/w) sodium azideto determinelossof oil dueto non-
biologicd factor.

Replicate sampleswerewithdrawn from each tregt-
ment, every threemonths, throughout thetwel vemonth
period of theexperiment, for theanalysisof petroleum
hydrocarbon |l oss, polycyclic aromatic hydrocarbon and
enumeration of hydrocarbon utilizing bacteria

Physicochemical analysis of soil and organic
wastes

Thenitrogen content of soil usedfor bioremediation
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and the organic wastes were determined using the
Kjeldahl method, while P and organic C contentswere
determined using |CP-OES and the furnace method,
respectively. pH was determined with a pH meter
(HANNA HI 8424) on 1:2.5 (w/v) soil/distilled water
after 30 minutesequilibration. Triplicatedeterminations
were made.

M easur ement of oil biodegradation

Theextent of used lubricating oil biodegradationin
soil was determined by suspending 10 g of soil (dried
with 10 g of anhydrous sodium sul phate) in 20 ml of n-
hexane and dichloromethane (80:20) in a250 ml ca-
pacity Erlenmeyer flask. After shakingfor 1 hour onan
orbita shaker (model N-Biotek-101), the solvent — oil
mixture wasfiltered using Whatman No. 4 filter paper
intoa100 ml Horentineflask. Thesolvent wasremoved
using arotary evaporator, followed by analysis of the
resdud oil. Onemicrolitre of theextracted il (cleaned
with HyperSep SPE) samplewas anayzed using gas
chromatography with aflameionization detector (GC/
FID). The GC was equipped with cross-linked 5%
phenyl methyl siloxane capillary column; HP-5MS.
Heliumwas used asacarrier gas. Theoven tempera-
turewas started at 50 °C and raised by 25°C/min until
325°C, whichwasmaintained for 11 minutes. Themgor
hydrocarbonfractionswereidentified and quantified on
thebasisof their retention time and by comparingthem
tothoseof anadytical standards.

Enumeration and identification of bacteria

Threereplicate samplesfrom each il polluted soil
werewithdrawn every 3 monthsfor the enumeration
of hydrocarbon utilizing bacteria(HUB). 0.1 ml of
serialy diluted sampleswere plated on oil agar pre-
pared from mineral salt medium of Zajic and
Supplisson™®.(1.8 g K,HPO,, 40 gNH,CI, 0.2 ¢
MgSO,-7H,0, 1.2 g KH,PO, 0.01 g FeSO,-7H,0,
0.1 g NaCl, 20 g agar, 1% used lubricating oil in
1000ml distilled water, pH 7-4). Triplicate plates were
incubated at 30°C for 5 days beforethe colonieswere
counted and randomly picked, pure isolates were
obtained by repeated sub-culturing on nutrient agar
(Oxoid). The bacterial isolates were characterized
using microscopi ¢ techniques and biochemical tests
and further confirmed by using APl 20NE for Gram
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negative bacteria, and BBL Crystal rapid identifica-
tion kit for Gram positive bacteria. For Gram positive
bacterid identification, coloniesof pure cultureof bac-
teriawereintroduced into the BBL inoculumsfluid with
theaid of sterilewireloop and vortexed for 10— 15
seconds. Theturbidity was adjusted to the equiva-
lence of McFarland No. 0.5 standard and the entire
inoculumwas poured into the BBL basethat contained
different wells. Theinoculum wasgently rolled with
both handsto ensurethat al thewel Iswerefilled. The
wellscontaining theinoculumswerelaer covered with
the BBL lid that contained 29 dehydrated biochemi-
cal and enzymatic substrates and afl uorescence con-
trol onthetipsof plastic prongs. Theinocul ated pan-
elswereincubated for 18— 24 hours at 35 —37°C, at
the end of theincubation period thewe Iswere exam-
ined for colour change or presence of fluorescence
that might haveresulted from the metabolic activities
of the microorganisms. Theresulting patterns of the
29 reactionswere converted into aten digit profile
number that was used asthe basisfor identification.
Theresulting profile number derived from different
colour changesand cell morphol ogy wereentered into
aPC inwhich the BBL Crystal mind software had
been installed to obtain the bacterial identification.

Gram negative bacterid isolateswereidentified us-
ing API 20 NE. Pure culture colonies of bacterial
samplesweretransferredinto an ampouleof APl NaCl
0.85% medium (2 ml) with theaid of aninoculating
wire loop to prepare a suspension with a turbidity
equivaent to 0.5 McFarland standard. TestsNO, to
PNPG intheAPI panel wereinoculated by distributing
thesdinesuspensoninto thetubesusing Serilepipettes.
200 pl of the remaining suspension was added into an
ampouleof APl AUX medium and homogenized. The
cupulestests GLU to PAC werefilled with the suspen-
sonfromAPI AUX mediumfollowed by an addition of
minerd oil tothetest cupuleslabeled GLU,ADH and
URE until aconvex meniscuswasformed. Theincuba:
tion box was closed and incubated at 29°C + 2°C. At
the end of theincubation period, theresultswere read
based on col our changesand converted into anumeri-
cal profile. Theidentification was performed by using
the database (V' 7.0) with theanalytical profileindex
which had beeningtdled intothe PC earlier.
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RESULT AND DISCUSSION

Physicochemical properties of soil and organic
wastes

The soil sample used for bioremediation had alow
N content (0.4%) while brewery spent grain (BSG)
recorded an appreciable N content (1.02%) compared
to bananaskin (BS) (0.4%) and spent mushroom com-
post (SMC) (0.5%). The pH of the soil was dlightly
acidic in nature at pH 6.12. The soil used for
bioremediation had C:N ratio of 25.7, whichwasalow
C:N ratiofor effective biodegradation of oil inthe soil;
hence, the need for the addition of organicwastesasa
source of N and P. BSG had the highest N content
among thethreeorganic wastesused. Thisisoneof the
most important limiting nutrients for effective
bioremediation to take place’®*", The moisture con-
tent of BSG (71.8%) wasa so higher thanthose of BS
(38.5%) and (62.3%). Thismight enablethe BSG to
harbor someimportant microorganismsthat will con-
tribute positively to the biodegradation of oil inthe soil.
ThepH of SMC (5.6) wasdlightly acidic. Thereason
for thismight be because it was used to grow fungi
(mushroom) which grows better in an acidic environ-
ment. Therefore, theinitid substrateof SMC might have
beendightly acidicinnature.

Biodegradation of hydrocarbon fractions

Biodegradation of hydrocarbon fractions present
intheused|ubricating oil wasdetermined a threemonths
intervalsfor aperiod of 12 months, to determinethe
extent of biodegradation of different hydrocarbon frac-
tionsusing GC/FID. The hydrocarbon fractionswere
divided into four fractionswhichare: C,-C,, C -
C C15 - C28 and C29 o Ca

Biodegradation of C,— C_fractionsin used lubri-
catingoil

TABLE 1 showstheextent of biodegradationof C,
— C, hydrocarbon fractionsin soil contaminated with
5%, 10% and 15% used lubricating oil, amended with
different organic wastesfor aperiod of 12 months. The
resultsof soil contaminated with 5% of used lubricating
oil reved ed compl ete biodegradation (bel ow the detec-
tionlimit) of the petroleumn fractionsfromtheinitia con-
centration of 88 mg/kg withintheperiod of 3monthsin

14’ 6"
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s0il amended withBS, BSG and SMC. Wheress, it took
6 monthsbeforethe C, — C, fractionswere degraded
bel ow thedetection limit in unamended and Serile pol-
luted soil. In soil contaminated with 10% used lubricat-
ingoil, the petroleum fraction (C, — C,) was degraded
bel ow thedetection limit withinthefirst 6 monthsin soil
amended with BSand SMC, whereasin BSG amended
soil thetimefor degradation bel ow detection limit was
withinthefirst 3monthsof thestudy (proving the effec-
tiveness of BSG compared to other organic wastes).
Thelossof C,—C, below detectionlimitin unamended
and sterile soil polluted with 10% used lubricating oil
took 9 months. Theresults of soil contaminated with
15% used | ubricating oil showed completedegradation
of C,—C, hydrocarbon fractionin BSG amended soil
within thefirst 6 monthswhereas degradation bel ow
detection level was achieved within 9 monthsin soil
amended withBS, SMC and unamended polluted soil,
whilethose of gerilesoil wasachievedinthe 12" month.
Therapid biodegradation of hydrocarbon fractionsbe-
tween C - C,inal thedifferent treatmentsto levels
bel ow detection limitsmight be dueto thevolatility of
someof thosefractionsand theease of their breskdown
(duetotheir smple molecular structures) by bacteria
present inthe contaminated soil 827,

TABLE 1: Concentration (mg/kg) of C_ - C, fractionsin soil
contaminated with 5%, 10% and 15% used lubricating ail.

Time (months)

Treatment

0 3 6 9 12
Soil+5%0il+BS 88 ND ND ND ND
Soil+5%0i|+BSG 88 ND ND ND ND
Soil+5%0il+SMC 88 ND ND ND ND
Soil+5% ail only 88 58 ND ND ND
Sterile soil+5%o0il 88 67 ND ND ND
Sail+10%0il+BS 136 61 ND ND ND
Soil+10%0il+BSG 136 ND ND ND ND
Soil+10%0il+SMC 136 52 ND ND ND
Soil+10% ail only 136 87 58 ND ND
Sterile soil+10%oil 136 92 61 ND ND
Soil+15%0il+BS 206 145 98 ND ND
Soil+15%0il+BSG 206 63 ND ND ND
Soil+15%0il+SMC 206 148 86 ND ND
S0il+15% ail only 206 174 109 ND ND
Sterile soil+15%oil 206 185 123 67 ND

ND: Not detected at lowest detection limit of 50 mg/kg
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Thesoil amended with organicwastes, mostly BSG
showed better and faster degradation of thefractions.
Thereason for thismight be dueto itspositive effects
on hydrocarbon degrading bacteriawhich enhanced thelr
multiplication, thereby increasing therate of hydrocar-
bon degradation. Thisissimilar tothestudy by ljahand
Antai® .who reported complete degradation of C. to
C,, fractionswithin 3 monthsin soil contaminated with
10% crudeail.

Biodegradation of C .- C, fractionsin used lubri-
catingoil

TABLE2showstheresultsof biodegradationof C, |
—C,, hydrocarbon fractionsin used | ubricating oil-con-
taminated soil after 12 months. 5% oil-contaminated soil
amended withBS, BSG and SM C recorded complete
degradation of the hydrocarbon fractionsbel ow thede-
tection limit within 6 monthscomparedtothoseof C,—
C, fractionswhichtook only 3 monthsfor thecomplete
degradation in amended soil. There wasno complete
degradation of thefraction (C ,—C, ) inthesterile pol-
luted soil throughout the 12 month period, while com-
plete degradation was achieved within 9 monthsin the
unamended polluted soil. Soil contaminated with 10%
used lubricating oil recorded oil biodegradation below
TABLE 2: Concentration (mg/kg) of C, - C, fractionsin

s0il contaminated with 5%, 10% and 15% used lubricat-
ing oil.

Time (M onths)
0 3 6 9 12

Treatment

Soil+5%0il+BS 139 83 ND ND ND
Soil+5%0il+BSG 139 62 ND ND ND
Sail+5%0il+SMC 139 91 ND ND ND
Sail+5% ail only 139 106 67 ND ND
Sterile soil+5%o0i 139 118 82 64 58
Soil+10%0il+BS 184 139 103 78 ND
Soil+10%0il+BSG 184 117 92 ND ND
Soil+10%o0il+SMC 184 144 112 92 59
Soil+10% ail only 184 156 128 103 64
Sterile soil+10%oail 184 172 154 133 114
Soil+15%0il+BS 242 186 127 76 ND
Soil+15%0il+BSG 242 164 109 61 ND
Soil+15%0il+SMC 242 191 138 92 67
Soil+15% oil only 242 190 156 117 95
Sterile soil+15%0il 242 217 189 153 135

ND: Not detected at lowest detection limit of 50mg/kg
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detection limit insoil amended with BSG withinthe 9"
month, wheressthat of BS amended soil extended tothe
12 month, while complete degradation below the de-
tectionlimit wasnot achievedin soil amendedwithSMC,
unamended and sterile polluted soil throughout the 12
month period. Thesterile polluted soil at had residual
C,—C,fractionsof 114 mg/kginthe 12" month.
Insoil contaminated with 15% used lubricating oil,
compl ete bi odegradation bel ow the detection level was
only achievedin soil anendedwithBSandBSGinthe
12" month while complete degradation was not
achievedin contaminated soil amended with SMCand
those of unamended and sterile polluted soil throughout
the 12 month study period. Therapid biodegradation
of C ,—C,, fractions has been reported to be among
the most rapidly biodegraded components of oil, al-
though they are al so susceptibleto removal by exten-
sivewater washing. Empirically, thefirst sign of bio-
degradationisusualy n-alkaneintheC to C . range,
which probably reflectsan optimal carbon number with
increasing enthal py of reaction and decreasing water
solubility asthe a kane carbon number increases?.
Theresults, likethoseof C,— C, reveal the effec-
tiveness of BSG to effect completedegradation of C |
—C,, fractionsat all thedifferent levels of pollution.
Thispointed out its ability to stimulatethe indigenous
bacteriain degrading the hydrocarbon fractionsdueto
itsnutrient composition. Theresultsaresimilar tothose
reported by ljah and Antai > who discovered that C ,
fraction was completely degraded in soil contaminated
with 10% crude oil within the period of 12 months.
Chang et d.,/3. also reported substantial degradation
of C,,to C . hydrocarbon fractionsin aged petroleum
hydrocarbon-contaminated soil.

Biodegradation of C . —C_ fractionsin used lubri-
cating il

Theresultsof biodegradationof C .- C,, hydro-
carbon fractionsin the soil contaminated with 5%, 10%
and 15% used |ubricating oil and amended with differ-
ent organicwastesareshownin TABLE 3. Theresults
show that C . — C,, hydrocarbon fractions were not
degraded below thedetectionlimitinall thetrestments.
However, the degree of biodegradation varied greatly
based on the percentage of oil pollution and organic
waste amendments. The reason for incomplete bio-
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degradation of these hydrocarbon fractionsbelow de-
tection limit may bedueto their complex structural no-
menclature, which awaysposes somesignificant diffi-
culty to hydrocarbon utilizing bacteriafor their com-
plete biodegradation?.In soil contaminated with 5%
oil, BSG amended soil recorded highest biodegrada-
tionof C .- C,, hydrocarbon fractionsfromtheinitia
concentration of 3810 mg/kg to 296 mg/kg after 12
monthsof study. Theunamended polluted soil recorded
reduction in the hydrocarbon fraction from 3810 mg/
kgto 966 mg/kg after 12 months. Studieswith soil con-
taminated with 10% and 15% oil pollutiondsoreveded
BSG amended soil, asthe best trestment wheretheoil
fractionswerereduced from 8150 mg/kg to 676 mg/
kg in 10% pollution and from 11341 mg/kg to 1260
mg/kgin 15% ail pollution. The unamended polluted
soil and erile polluted soil recorded very low biodeg-
radation of the C , — C,, fractionsthroughout the 12
month period in soil contaminated with 10 and 15%
used lubricating ail. Theincreasein the biodegradation
of C,— C,, fractionsin soil amended with organic
wastes might be dueto nutrient composition of theor-
ganic wastes, especially BSG Nutrientsarevery im-
portant ingredients for successful biodegradation of
hydrocarbon pollutants, especially N, Pandin some

TABLE 3: Concentration (mg/kg) of C .- C_ fractionsin
soil contaminated with 5%, 10% and 15% used lubricat-
ing oil.

Time (months)

Treatment

0 3 6 9 12
Soil+5%0il+BS 3810 2122 1760 1322 968
Soil+5%0il+BSG 3810 1235 348 321 296
Soil+5%0il+SMC 3810 2231 1750 1428 974
Sail+5% ail only 3810 3601 3510 2161 966
Sterile soil+5%o0il 3810 3783 3598 2879 1190
Soil+10%0il+BS 8150 6210 4900 3281 759
Soil+10%0il+BSG 8150 4271 715 691 676
Soil+10%0il+SMC 8150 7012 5100 3301 1630
Soil+10% ail only 8150 7854 7220 7014 6810
Sterile soil+10%o0il 8150 8043 7830 7692 7410
Soil+15%0il+BS 11341 10213 7160 6589 5950
Soil+15%0il+BSG 11341 5874 1620 1501 1260
Soil+15%0il+SMC 11341 9531 8534 7840 6670
Sail+15% oil only 11341 11012 10600 10650 9890
Sterile soil+15%0il 11341 10890 9780 10350 10400
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cases F%, Depending on the nature of theimpacted
environment, someof these nutrientscould becomelim-
iting, hencethe addition of nutrientsare necessary to
enhancethebiodegradation of oil pollutantg”#,

Biodegradation of C,—C_ fractionsin used lubri-
cating il

Results of biodegradation of C,, — C_ hydrocar-
bon fractionsin soil contaminated with 5%, 10% and
15% used lubricating oil withinthe period of 12 months
areshownin TABLE 4. Theresults of the study re-
ved ed that thesefractions of petroleum hydrocarbons
werenot properly degraded in al thetreatmentswith
the exception of BSG amended soil, where over 90%
of the C,, — C, hydrocarbon fractionswere degraded
within the 12 month period. Thepartia degradation of
these hydrocarbon fractions has been reported by dif-
ferent authorsthat they are not easily degraded by mi-
croorganismsinthe soil becausethey arehhydrophobic
solidsa physiologicd temperatures®®. Insoil contami-
nated with 5% used lubricating oil, soil amended with
BSG recorded reductionin the concentration of C,,—
C,, from 2643 mg/kg to 221 mg/kgin 12 months. In
soil amended with BS and SMC the C, - C,, were
reduced to 766 mg/kg and 800 mg/kg, respectively,

TABLE 4: Concentration (mg/kg) of C_,— C_ fractionsin
soil contaminated with 5%, 10% and 15% used lubricat-
ing oil.

Time (M onths)

Treatment
0 6 3 9 12
Soil+5%0il+BS 2643 1651 1030 956 766
Soil+5%0il+BSG 2643 1150 278 243 221
Soil+5%0il+SMC 2643 2371 1090 978 800
Soil+5% ail only 2643 2367 2480 1823 1231
Sterile soil+5%o0il 2643 2567 2500 2353 1790
Soil+10%0il+BS 5350 4622 3480 1956 647
So0il+10%0il+BSG 5350 2300 520 501 491
Soil+10%0il+SMC 5350 4612 3810 2281 1080
Soil+10% ail only 5350 5002 4390 3813 2762
Sterile soil+10%0il 5350 5191 4719 4225 3891
Soil+15%0il+BS 6871 5814 5140 4756 4520
Soil+15%0il+BSG 6871 3031 919 872 800
Soil+15%0il+SMC 6871 6207 5870 5188 4840
Soil+15% ail only 6871 6752 6350 6213 6130
Sterile soil+15%0il 6871 6692 6310 6241 6160

e Snoivonmental Science
A ndian ﬂowumé



316

Current Research Poper

whereasin unamended soil and Serilecontaminated soil,
the biodegradation of the hydrocarbon fractionswas
minimal (reduction from 2643 mg/kgto 1231 mg/kg
and 1790 mg/kg, respectivey). Soil contaminated with
10% il recorded reduction intheconcentration of these
fractionsfrom 5350 mg/kg to 491 mg/kg, 647 mg/kg
and 1080 mg/kg in BSG, BS and SMC treated soil,
respectively. Thelow biodegradation of these hydro-
carbon fractionsmight a so be attributed to thefact that
during biodegradation of hydrocarbon in soil or sedi-
ments, low molecular weight fractionsareknown to be
degraded first by microorganismsbeforedegradingthe
higher molecular weight petroleum fractiong?”2,

Therefore, inthisstudy, possibly, thelow molecular
welght fractionswerefirst degraded by indigenous mi-
croorganismsbeforethe higher molecular weight. This
might account for thelow biodegradation of the higher
molecular fractionsintherangeof C,,to C,.

Theresultsof soil contaminated with 15% used lu-
bricating oil showsrapid degradation of C,— C, frac-
tionsin soil amended with BSG from 6871 mg/kg to
800 mg/kg within 12 month. Low biodegradation was
recordedindl other trestmentsat the end of 12 month.
Thereasonfor thelow degradation of thesefractionsin
al thetrestmentswith 15% oil might beduetothehigh
concentration of oil inthesoil. Thisisknowntoinhibit
thegrowth of microorganismswith suitableenzymesys-
temg®,

Biodegradation of PAHsin used lubricating oil

TABLE 5 showstheresults of biodegradation of
different PAHswithin the period of 12 months. The
resultsrevea ed degradation of fluorene below thede-
tection limit of 0.5 mg/kginall thetreatmentsand at
all pollution levels. Compl ete degradation of phenan-
threne and anthracene was only achieved in soil
amended with organic wastes, whilethetwo PAHs
werenot completely degraded in unamended and ster-
ilepolluted soil. In soil contaminated with 15% used
[ubricating oil, only soil amended with BSG recorded
complete degradation of fluoranthene and pyrene be-
low thedetection limit. Other treatmentsdid not record
complete degradation of fluoranthene and pyrene af-
ter the 12 month period. Thereason for the complete
degradation of PAHs recorded in soil treated with
organic wastes might be dueto the potential of the
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TABLE5: PAHsconcentration in soil contaminated with
5%, 10% and 15% used lubricating oil after 12 months
remediation

PAHSs concentration (mg/kg)

Treatment Flu Phe Ant Fth Pyr

0 12 0 12 0 12 12 0 12

Soil +5% oil + BS 60 ND 13 ND 63 ND ND 54 ND

Soil +5%0ill +BSG 6.0 ND 13 ND 6.3 ND ND 54 ND

Soil +5% oil only 60 ND 13 ND 63 ND

0
4
4

Soil +5% o0l +SMC 6.0 ND 13 ND 63 ND 4 ND 54 ND
4 ND 54 ND
4

Sterile soil +5% ail 6.0 ND 13 ND 6.3 ND ND 54 18
Soil +10%0il +BS 85 ND 162 ND 9.6 ND 58 ND 6.7 ND
Soil +10%0il +BSG 85 ND 162 ND 9.6 ND 58 ND 6.7 ND
Soil +10% 0il + SMC 85 ND 162 ND 9.6 ND 58 ND 6.7 16
Soil +10% oil only 85 ND 162 09 96 08 58 08 6.7 18
Sterile soil +10%o0il 85 1.7 162 15 96 19 58 16 67 21
19.4 ND

19.4 ND

Soil +15% oil + BS 10 ND 11.8 ND 69 06 96 21

Soil + 15% o0il + BSG 10 ND 11.8 ND 6.9 ND 9.6 ND

Soil +15% 0il + SMC 10 ND 194 ND 11.8 ND 6.9 12 96 22

Soil +15% oil only 10 ND 194 09 118 07 69 11 96 23

Sterile soil +15%o0il 10 3.2 194 41 118 11 69 26 96 43

ND: Not detected at lowest detection limit of 0.5 mg/kg,
flu:Fluorene, *": Phenanthrene, 2% Anthracene, ™"
Fluoranthene, »": Pyrene

organic wastesto neutralize thetoxic effects of the
PAHson the bacteriapresent in the contaminated soil.
Thiscould a so have enhanced their abilitiesto bresk-
down the PAHsin the contaminated soil. It has been
observed that the addition of straw, compost, manure,
etc. helpsto enhance degradation by improving soil
texture, oxygen transfer, and providing energy to the
microbia population®Y.

Lau, et al.,*? .observed that the addition of SMC
to PAHs contaminated soil reduced toxicity, added en-
Zymes, microorganismsand nutrientsfor themicroor-
ganismsinvolvedin degradation of PAHs. Theloss of
PAHsrecorded in the sterile polluted soil might also
have been dueto different processessuch asvoldiliza-
tion, adsorption, photolysisor chemical degradation,
whichareknown to contributeto PAHsdegradationin
contaminated soil Y,

Microbial counts

Hydrocarbon utilizing bacteria(HUB) countsinthe
soil contaminated with 15%, 10% and 5% used lubri-
cating oil areshownin Figures1to 3. HUB in il pol-
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luted with 15% used lubricating oil ranged from 1 x 10°
CFU/gto 216 x 10° CFU/g, whileHUB countsin 10%
oil pollution ranged from 1 x 10° CFU/gto 103 x 10°
CFU/g. The countsin 5% oil pollution ranged from 2 x
10° CFU/g to 131 x 10° CFU/g at the end of the 12
monthsstudy period. Soil amended with BSG recorded
thehighest countsof HUB inal theoil pollutionlevel
comparedtoall other treatments. The countsof HUB
inall the soil amended with organic wasteswere ap-
preciably higher compared to that of unamended and
poisoned control soil. Thereason for higher counts of
bacteriain amended soil might bedueto the presence
of appreciable quantities of N and P in the organic
wastes, especialy N content in BSG. N is necessary
for bacterid biodegradative activities*=*. Thereason
for increased biodegradation of oil inamended soil (as
compared to the unamended soil) could also bedueto
the presenceof organicwastesinthe soil. Thishel psto
|oosen the compactness of the soil, thus providing suf-
ficient aeration for theindigenous bacteriapresent in
thesoil, thereby enhancing their metabolic activitiesin
the contaminated soil.
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Figurel: HUB in soil contaminated with 15% used lubri-
cating oil
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Figure3: HUB in soil contaminated with 5% used lubri-
cating oil

The countsof HUB waslow intheninthmonthin
all thetreatments, the reason for thismight bedueto
thelow level of rainfall characterized with dry season
experienced duringthis period. Thecountsof HUB in
al thetreatmentscorrel ate positively to therate of bio-
degradation of hydrocarbonsin the oil contaminated
soil, thussuggesting that mg ority of theoil losswasas
aresult of microbid degradation. Thisissimilar tothe
findingsof |jah, and Antai ,*4.who reported extensive
bi odegradation of hydrocarbonsin crude oil-contami-
nated soil by different speciesof hydrocarbonsdegrading
bacteriainafield study.

TheHUB isolated from the used | ubricating oil con-
taminated soil wasidentified aspeciesof Acinetobacter,
Micrococcus, Pseudomonas aeruginosa, Nocardia,
Bacillus megaterium, and Corynebacterium. These
bacterial specieshad beenimplicatedin hydrocarbon
degradation by different authors”-3-4° Bacillus
megateriumgrew moreextensvely ontheoil agar com-
pared to other isolates; thismight have been dueto the
presenceof efficient hydrocarbon degradative enzyme
systemsand the presence of catabolic genesinvolvedin
hydrocarbon degradationin the bacteria species*+2.

CONCLUSION

Biostimulation (with organic wastes) of soil con-
taminated with 5%, 10% and 15% used |ubricating oil
was studied for a12 month period under natura condi-
tions. Attheend of 12 months, theoil contaminated soil
amended with BSG demonstrated greater potential in
enhancing biodegradation of hydrocarbon fractionsfrom
C,to C,, aswell asdegradation of PAHscomparedto
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BSand SMC. Theresultsa so pointed out the effects
of oil concentration on biodegradation. Partia degra-
dation of hydrocarbon fractions and PAHs were re-
corded in soil contaminated with 15% and 10% used
|ubricating oil compared to degradation in soil contami-
nated with 5%. Therefore, BSG (wastesfrom brew-
ery) can beutilized to stimul ate effective biodegrada-
tion of hydrocarbonsin soil withminimum il pollution.
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