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ABSTRACT

The potential effects of sawdust, and mixture of cow and sheep dung to biostimulant autochthonous microflora and
augmentation for hydrocarbon bioremediation were investigated in test biopile, made of soil polluted with
petroleum waste 100kg. The soil was fluffed by 1.5% sawdust, then supplemented with the necessary minerals and
watered to provide conditions favoring microorganism growth. industrial aeration was provided in pile by
drainage-pip network to simulate bioremediation treatments through a 90- day period. During this period, we
monitored total petroleum hydrocarbons and changes in bacterial communities. The (TPHs) had been reduced from
52 to 10.6 gkg™. In soil, the dominant microorganism population comprised Gram-positive bacteria from
actinomycete group and autochthonous microorganisms which decompose hydrocarbons reached highest level 1.6 x
10” cfu.g™ at 45 days. Based on these data, we conclude that is ex situ (Biopile) experiment the best strategy,
inexpensive, efficient, and environmentally friendly and may thus offer a viable choice for petroleum hydrocarbons-
contaminated soil remediation.
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INTRODUCTION

The technology commonly used for soil remediatinolides physical and chemical, evaporation, bgrand
dispersion. However, these technologies are experaid can lead to convert contaminants from statnother
[1]. For this reason, recent researches are afgphgnv strategies that are more environmental-fietethnologies
for the remediation of hydrocarbons contaminated Among these, bioremediation technology whictalves the
use of microorganisms to degrade hazardous sulestamio less toxic in the environment through trezhanisms
of biodegradation [2,3]. Bioremediation is a natyseocess that takes advantage of nature’s reqydimd self-
purification capabilities for polluted ecosysterds5]. oil bioremediation in soil can be promoted thyee types
including natural attenuation, biostimulation andangmentation[6]. Biostimulation is the processt thromoted by
stimulation of the indigenous microbial populatioby introducing nutrients and oxygen into the soil,
bioaugmentation can be occur through inoculatioaroénriched microbial consortium into soil [7,8].

A consortium of microbial community enhance theeleaf degradation, while a single microorganism dagrade
limited types of petroleum compounds. Moreover, s@ubstances can be decomposed only by co-metabadtis
natural conditions, the presence of microorganitimas use the products of primary degradation ipanticular
importance [9,10]. The efficiency of bioremediatiohsoil contaminated with crude oil depends onnbeber of
hydrocarbon-degrading microorganisms in the sail.order to achieve hydrocarbon utilization by beatea
number of limiting nutritional requirements needbvt® provided. The most important limiting factoos population
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growth are molecular oxygen for the oxygenasespésaiure, pH, content of nitrogen and phosphoriisygen,
and metals like K+ and Na+ [11,6,12]. The aim afdst is applicationex situ bioremediation by use biopile
technique with consortium of actinomycetes strains.

MATERIALS AND METHODS

Collection of soil samples used for bioremediatiostudy:

The soil used for the experiment in this study wakected from a disposing site adjacent to thetlsd&efinery
Company ( SRC)) in Basrah city southern Iraq; thieaf the site chronically polluted with crude iredd oil waste
discharge.

Soil samples were collected in sterile plastic aomdr at a depth of 10- 20 cm. The soil found écabsandy loam
(64% sand, 27% silt and 9% clay) with pH 7.6, alithemical analysis of the soil showed that thal tpetroleum
hydrocarbons (TPHs) was 52g.Kwhich used for the bioremediation.

Bacterial consortium used for bioaugmentation:

A specialized microbial consortium was construcétdhe Biotechnology laboratory, of the Basrah @ngity,
Science College in Iraq, to form a stable, bioladiic balanced and capable of biodegrading enviramatky
organic polluted. The community consisted of aadtiyoetes ( 6 strains ) derived from naturally odowgyr
autochthonous microorganisms, selected and isoffited crude oil contaminated soil long-term poltlitevith
petroleum-derived hydrocarbons in the studied area.

In this study, the presence of indigenous micraflaas identified in the contaminated soil to biadegtion in a
test piles identification by using 16s rRNA gendobg to Sreptomyces genus [13]. After the isolation and
identification of theStreptomyces spp. the strains were cultivated under controlledddions in the yeast malt
extract broth to enrich the original microbial aooemity. Community of the soil used for the biopdgperiment
were bioaugmentation of thex situ soil a dense suspension (approx. 1 ¥dQ.mi") of the resultant bacterial was
used as an inoculum [14].

Preparation of contaminated soil:

Hundred kilogram of the original soil samples wasdsied, mechanical homogenized by removing anyenia
such as pebbles, plastics and metals and passadjtha 2-mm sieve. The prepared soil thoroughlyehiwith a
hand trowel sanitized with 70% ethanol then usedfopile experiment. The different remediatioratraents were
applied, fluffed with 1.5% sawdust [15]. For thetnent amended the soil was fertilized with standdagricultural
fertilizers in order to provide the C:N:P ratioagproximately (100:10:10), 2.5 g/Kg) of NPK was ed@s nitrogen
source , 20ml/Kg of nutritious salts solution ( NEl42.5g , KH2PO4 5g Mgso4.7H20 2.5g and distill evat
1000ml) [16], then supplemented with the necesgdnerals by the use 59.Kd17]. The cow and sheep dung was
collected from a amendment agents were each sed fir one week, grinded and sieved to obtainaunif size
particles respectively, added 15g/Kg as carbonsulzstrate and nitrogen source and was thorougidynaixed
with the contaminated soil to distribute the crudleand nutrients through the soil particles ansbalo enhance
aeration [15].

Ex situ bioremediation in test piles:

A model biopile was constructed in a separate,latsd outdoor site. The biopile consisted of a B2&rea of
treated soil ( as described previously ) pile dmeaghts 40-50cm, contain contaminated soil ( 100Kgas placed
prismatic hold dug to a depth 0.5m and covered siithw to prevent water from evaporation and thkisput on
the concreted layer representing pilling area addaa collected of leaching water, The oxygenatidrihe pile was
provided with an industrial aeration system throagberforated drainage-pipe network at two diffedapth of the
soil pile. Moisture was maintained at approximat#0/50% . Leaching water from the biopile was aibie in a
separated reservoir and used for re-watering tbpilbi Fresh microbial suspension enriched withdbgradable
actinomycetes bacteria 25ml/Kg were surface sprayetlhomogenized thoroughly with soil mixture [14The
soil in biopile was mixed manually once every tweek to enhance oxygen and kept moist during thel880
experiment period. The treated pile and controlewsotected from direct external influences ineegrhouse.

Bioremediation sampled:

The soils from the treated and control experiment piége sampled at ( zero, 15, 30, 45, 60, 75, andiags. Soil
were collected at three independent sites, therednt® obtain ideal sample, collected in sterilinatainer and
transported to laboratory for analysis following@edures of [17].
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Bioremediation experiment monitoring:

Bioremediation processes in biopile was monitorgdhie determined of a viable bacteria count , pd @RH. The
number of microorganisms was determined by the atktif the serial dilution on the agar plate ( Nartiagar )
incubated at 30°C for the total count of bacte@BU on Petri dishes were counted as cfu per ona gfasoil [18].
The count of total petroleum hydrocarbon (TPH)he soil samples was determined gravimetricallyraftdvent
extraction [19] then the percentage of biodegradatias measured [20].

Biostimulant efficiency and level of contaminate:
Evaluation of unamended soil biopile (Natural ation) and amended soil (Treated biopile), Biostants
Efficiency (B.E) was calculated at the end of tBed@ys remediation period using The following eguraf21].

BE%= TPHy % -TPH %
TPHy %

x 100

Where TPH is the removal of crude oil in the untreated soitl TPH, the removal of crude oil in the treated soil
at different time. To evaluate level of contamioatin the treatment soil in biopile, which reprasahe amount of
oil remaining and degrading which calculated frotre tvalues of the TPH estimated by gravimetrically:
% Degradation = TPH TPH,o x 100,

% Remaining = 100% % Degradation.
Where TPHy is the crude oil in the untreated soil at zercetim

Statistical analysis
for significant differences between treatmentsatléevel of p < 0.05 using one- way analysis ofarare (ANOVA)
tests for data analysis which were performed ustatistical package for version 20.0 (SPSS)

RESULTS

The examined soil contaminated with petroleum hgdrbons derivatives originated from the oil refinar Basra,
Iraq. Where pollution is high and chronic, TPH w&§0mg.Kg', pH 7.6, and water content 2.5%.

Estimated the effectiveness of monitored natutahaition bioenrichment and bioaugmentation usiogresortium
of six with crude oil. pile was used to simulatereimediation treatments 90-day period. During gesod, they
monitored TPHs degradation and changes in bactmiamunities.

The soil initially contained 52g TPH.Ry( at O time ). The percentage reduction in TPH vegd within the 90
days of the study 10.6g TPH:kghe soil amended with activated degradable bactehien compared to that of the
unamended soil pile 37.1g TPHkgs shown in (Table 1).

Table 1: Remaining of TPH after bioremediation treament through 90 days

TPH g.kg*
Treatment /days Biopile | Control
0 52 52
15 34.9 50.6
30 30.2 45
45 26 42
60 21.1 39.6
75 12.4 37.7
90 10.6 37.1

The degradation rate biopile was increase whenphebd time exposure increase too. After the firgtnth of
remediation observed the degradation rate in tilenss 42% in biopile, second month was 59.5%. & énd of
remediation period (90 days) crude oil contaminased amended with bulking agent showed the highest
degradation rate 79.6%. The result suggests teadugmented and amendment agents had a statyssigaiificant
effect on the biodegradation of crude oil in soitree 5% probability level (P = 0.001), The resflbiodegradation
and remaining oil through remediation time showkHigures 1).
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Figure 1: Biodegradation rate during 90 days of teatment

Results determine crude oil pollution levels in Hodl treatment and non-treatment, showed the atrmfuerude oil
degraded more than amount of remaining. After 9 dd treatment was removed 79.6% and 21.4% renmaithis
evident (Figure 2) compared with the natural atédiom in control soil (Figure 3).
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Figure 2: Oil degrading and removing from soil inbiopile during the treatment periods
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Figure 3: Oil removing from soil in control sampleduring the treatment periods

The BE shown in (Figure 4) was increase associat#dperiod time, the highest value was 71.4% &@days of
treated, while the lowest was 31% at 15 days.
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Figure 4: Percent of biostimulants efficiency at dferent times of treated

The soil sample, which was contaminated with cruae contained 1x 1D CFU.g' of indigenous soil
microorganisms when plated on nutrient agar. Tharob soil sample was not amended with the addibbmany
microbial consortium to study the effects of théunal attenuation on the remediation of the soitthe adding 25ml
of bacterial inoculum onto each Kg of soil and otldertilizer, water, and dung ) resulted in totall counts
generally, it is seen that the microbial (totaldnetrophic bacteria counts) increased after 45 étays 5x16 to 2 x
10" in biopile, while increase from 1x1@o 6.4x10 in control due to natural attenuation which isistrated in
(Figure 5).
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Figure 5: Changes in the number of bacteria throughhe treatment period
DISCUSSION

In this study a specialized actinomycetes degradatdnsortium, developed by our group, was used for
bioaugmentation. this complex microbial communignded to reveal unique enzymatic activities thuabing
oxidation of heterogeneous organic contaminants.

The biodegradation rate of crude oil in the soédras to be increase with the time exposure as shawfigure 1.
This may be due to the fact that the microorganismbke soil have efficiency ability in utilizindié crude oil as a
source of carbon and energy [22]. used isolatednstbelong to actinomycetes as mix or consortippear higher
degrease in TPH compare with untreated soil. Tde=af mixed cultures an advantage is a broaderadation
capacity, synergic effect and co-metabolism [23leJe observations indicate that the sawdust (ptauntce waste)
and the mixture of cow dung and goat dung (aninmalrce waste) used in combination enhanced crude oil
biodegradation in soil. Similar observations haeerb reported for the use of plant and animal-ddriveganic
waste in the bioremediation of soil contaminatethyietroleum hydrocarbons [24, 15].
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The increase effect of amendment is high when enttravailability is a limiting factor in the biodeglation of oil.
Many studies refer to the use of nutrients suchn@éogen and phosphorus in the bioremediation af so
contaminated with petroleum hydrocarbons [25]. Migganisms need nutrient to grow. Hence, biodegi@taf
hydrocarbons in the natural environment is effedigdow growth rate of microorganisms due to defidy of
nutrient, especially in nitrogen and phosphorusrdfore when bioremediation is conducted suitalifegen and
phosphorus are usually applied to the contaminsdédo stimulate biodegradation [26].

Agarry et al., [27]show the bioremediation withfdient amount of NPK were tested and the resultsvshthat
extra amount of NPK (from 2 to 4 g/l) can improverdsene removal from contaminated soil. The resultgest
that high dose nutrient amendment can accelerataitial oil degradation rate and may shortenghegod to clean
up contaminated environments and combination of awimal dung wastes and as well as combinatiomohal

dung wastes and plant sawdust residue organic svdwse a relative higher biostimulation efficienacy the

biodegradation of petroleum hydrocarbons.

The addition of bulking agents to contaminated s@if increase oxygen diffusion and mineral nutrargilability
as well as carbon source quality and physical supporface for bacterial adsorption, and improved s
physicochemical characteristics as to speed upofih adaptation and selection [28]. Thus, in ogstam, the
results suggested that both plant organic wastagdisst and yam peel) and animal dung wastes usee aind/or
in combination have also contributed to increasegyen and nutrient availability for the microorgsmis as a result
of the increased growth of hydrocarbons degradamgdsia ( Figure 5 ) and the increased TPH redudtiat were
observed. More also, both the plant and animalrecgaastes microbial population supply was alsdaslé as it
may supplied additional hydrocarbon degrading nuoganisms [29], which could contribute to metabmliz
hydrocarbon contaminant together with the soil eltijonous microorganisms.

CONCLUSION

The bioremediation technique for contaminated wiih crude oil and/or other hydrocarbons is apjtiean field

because of its low cost and because it is enviromnfiéendly. Biostimulants and bioaugments & situ

bioremediation for hydrocarbon polluted soil penfi@d under aerobic conditions proved to be a patiemtethod of
remediation for most hydrocarbons pollution soils.
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