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Abstract: The aim of this study was to investigate the phaitrobe interaction ofSerratia marcescens
isolates in phytoremediation of gasoline contangidasoil using plant bulrush &cirpus mucronatus. The
experiment included control plant and three phytwéiation treatments, with gasoline as a hydrocarbo
pollutant model at different gasoline concentrati@®, 5, 10 and 30 g/kg) in soil, each added watth {v/v) of

S marcescens. The dry and wet weights of the plants slightlgreased on exposure to gasoline for 42 days.
The highest wet weight in 10 g/kg gasoline was 8@Dat 72 days while dry weight amount 35.6 g.he 5
g/kg and 30 g/kg gasoline concentrations, the vwatjs were 43.4 g and 10.8 g with 13.1 g and @@ gry
weight respectively. The phytoremediation treatmesing S marcescens in 10 g/kg gasoline showed the
highest total petroleum hydrocarbon (TPH) removiédrar2 days of exposure of 89.5% compared to only
55.0% in the corresponding unplanted control. Tlha&imum TPH removals in the other two phytoremediati
treatments (5 and 30 g/kg gasoline) were 84.4 &h@98, respectively, while the average removal ia th
corresponding control treatments were 56.3 and%4r@spectively. This indicates that the biodegradat
process byS. marcescens played significant role in the treatment. Hendes $ynergy interaction betweén
mucronatus and the bacteria can be beneficial in remediatfdrydrocarbon in gasoline contaminated soil.
Keyword: Phytoremediatiorcirpus mucrunatus, TPH, gasoline contaminated soil &sairatia marcescens.

http://www.sphinxsai.com/framesphinxsaichemtech.htm




Asia Fadhile Almansoory et a//Int.J. ChemTech Res.2014,6(1),pp 556-564. 557

I ntroduction

The use of plants and microorganisms associatedhizosphere to enhance biodegradation of petroleum
hydrocarbon pollutants in the soil has gained iasireg acceptance internationally as a viable tdolggoto
clean up contaminated soils [1,2]. Microbial adyivis essential to nutrient cycling in soils, andyanic
pollutants have effect on soil microorganisms [Bhis interaction between root exudates and the amicr
organisms populating the rhizosphere has been stmemhance degradation of hydrocarbon contamiraants
could have potential for improving phytoremediat{dn 5, 6]. Growth of plant and development relabgth

the toxicity of hydrocarbons with low molecular ghkt, furthermore, hydrophobic properties of hydrbca
reduce the ability of plants and microorganismsalieorb water and nutrients from the soil [7]. Plaand
microbes require water and nutrients from the emvirent [8].

Phytoremediation is efficient to remove hydrocarbmmtaminated soil since it can provide the
appropriate environment for both plant and assediaicroorganisms. These properties such as pknirg
matter, cation exchange capacity and structureeffact on plant growth and development [6]. Theeetffof
petroleum hydrocarbon contaminants on plant andaoiganisms in soil may be of help in assessing the
recovery potential of a soil [3]. Rhizoremediatigna type of microbial assisted phytoremediaticas khown
one of the most successful means by which plansirdduence the degradation of petroleum hydrocarbo
contaminants [9]. According to [4] and [5] the gtbvef root oxidative degradation of petroleum hymndoons
can be stimulated by promoting soil aeration thattamces the partnership between root exudateshend t
microorganisms biodegradation. In the rhizosphererobial activity is enhanced by the health of filent
which effects on the health of the rhizosphere tliedentire phytoremediation system [8]. The appbcaof
successful rhizoremediation is dependent on thaaiypof contaminant degraders or plant growth poting
microbes [10]. The microbial removal of contamirgaint the soil through two methods of biodegradatiad
microbial uptake for biodegradation bacteria mestiathemical transformation of organic compound evhil
microbial uptake is the direct removal of the caoniteant by adsorbing compounds to the membrane curfa
[8]. Numbers of microbial increase in the rhizogghef plant [11]. One of the most important regeidio
rhizoremediation of hydrocarbon contaminant salghat plants are able to germinate and becomblissied
in the presence of contaminants [9]. The aims isfstudy were to determine the plant-microbe irtigoa of S
marcescens in gasoline contaminated soil to enhance gasolegradiation through a good partnership with
bulrush ofScirpus mucrunatus during phytoremediation process.

Materialsand Methods
Experimental Design for Phytotoxicity Test

The experiment was conducted in a greenhouse theateniversiti Kebangsaan Malaysia. The glass
aquaria were used for the phytotoxicity test. Eagbarium with dimensions of 60 x 30 x 30 cm (L xX/ID)
was filled with 30 kg soil as a mixture of 75: 2B/\f) garden soil: sand. All the aquaria were pregar
simultaneously and run in parallel. The preparesbljae concentrations of 5,10 and 50 g gasolinedly. with
each of the gasoline concentrations was planted 2dtplants of the selected plaBt,mucronatus which was
also sown in a control experiment using soil withgasoline. Three replicates per treated aquariuireaother
unplanted aquarium for control contaminants (C@),addition to another aquarium without the gasoline
contaminant as a plant control (PSjandard gasoline obtained from a local Petronaslation was mixed
with acetone (R&M Chemicals, U.K.) as a solventtire ratio of 1:1 (v/v) and prepared at different
concentrations (5, 10 and 30 g/kg) . After sprayimg mixture soil, it was stirred until homogeneaursl then
left to planting. 20 three-months-old healt®y mucronatus plants were transplanted into each aquarium
containing gasoline at different concentrationd.eXperimental plants were watered with deionisedewat a
fixed calculated volume. The bulk density of thel seas 100 g soil mixture per 26 mL. Sampling was
conducted on day 0, 7, 14, 28, 42 and 72.

Determination of physicochemical properties

To observe the changes in water quality, the plbgsiemical parameters of dissolved oxygen (DO,
mg/L), oxidation reduction potential (ORP, mV) ap#i were recorded, using an IQ 150 (IQ Scientific
Instruments, UK) multi-probe for pH, ORP and a DEdsor (GLI International, Model 63, USA).
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Plant growth

The growth ofS mucronatus was observed for 72 days at different gasolinecentrations (0, 5, 10
and 30 g/kg). One plant was harvested on each sayngdy (Day 0, 7, 14, 28, 42 and 72) from the dhre
replicates of each gasoline concentrations. Thetplaere rinsed with tap water and separated owed part
(from the stem buried in the soil to the tip of tbagest rootlet) and upper part (leaves and stéth)parts
were measured gravimetrically to determine theimziss through both wet and dry weights [12]. Alinl
samples were dried in an oven (Memmert, Germanyp#t for 72 h until constant mass was reachedvi® g
the dry weight [4].

Bioagumentation Bacteria with Soil

This isolateS. marcescens was collected from previous students and idewutitising biochemical and
PCR technique. Inoculum at 10% (v/v) of waked with bulk density of water in the soil mixéuand added to
the plant site glagsasin containing gasoline contaminated soil. TH& Bansity of the soil was 26 mL per 100
g of the soil mixture, while the weight of the swilxture in the glass basin was 30 kg. So, themelwof water
in the glass basin is 7800 mL. These bacteria grothe liquid media containing Total Soy Broth (T)SB
shacked for 24 h at 150 rpm and 37 °C. The adddfaime bacteria to the soil mixture in amount of 10%
(v/v) bacteria was added to each aquarium

Microbial plate counts

The microbial population was obtained from the fodlt was firmly attached to the rhizosphere zone.
The population of live bacteria in the rhizosphefeplants treated with gasoline-contaminated sailsw
determined through a serial dilution method. IfiifialO g of rhizosphere soil was harvested andeddd 100
mL sterile distilled water to obtain T0dilutions [12]. This mixture was shaken at 150 rfun1 h to release
adhering microorganisms. Subsequent dilutions ufCid fold were prepared and 100 pL of each of three
dilutions (10% 10° and 10% was plated on sterile plates containing a nutragar medium by the plate-
pouring method. The plates were inverted and ineabat 37°C for 24 h before the bacterial colonvese
counted and expressed as colony forming units (Gi&d)mL. Colonies was counted for plates that haves
than 30 and less than 300. The number of colomiaated was multiplied by the reciprocal of the tidn and
the amount plated and the results were expressé&ldsnL [4, 14].

Extraction of total petroleum hydrocarbon in soil mixture

Three replicates of spiked medium were sampledaaeh esampling period. Collected samples were
stored in glass bottles and kept & rior to analysis. Approximately 10 g of each pnwas placed in a 100
mL flask from each aquarium on the same sampling & all treatments to extract total petroleum
hydrocarbon (TPH). The TPH in samples was extraatgdsonically using a solvent extraction metha8, [
16]. Soil samples were dried by mixing with sodisaiphate (Ng50Q,) and later placed in a 100 mL Schott
bottle with 50 mL dichloromethane (DCM) (R&M Cherals, U.K.) and the bottle was agitated in an
Ultrasonic Cleaner (Thermo-10D, U.S.A.) for 30 min50°C. The supernatant was filtered through glasd.
The extracts were concentrated and were left ifutree hood for 3—4 days to allow the solvent topevate
completely, after which, 1.5 mL DCM was added ane éxtracts were stored in gas chromatography (GC)
vials.

Analysis of total petroleum hydrocarbon

The sample extracts were analysed by a gas chrgraptoy—flame ionisation detector (GC-FID,
Agilent Technologies, Model 7890A, UK) with a HP586 phenyl methyl siloxane column (30 m x 0.32 mm
i.d x 0.25 micron) with helium as the carrier gébe column temperature was programmed to remahQ%i
for 1 min, and then ramped at 15°C per min to 32@tfCL0 min. The percentage of TPH degradationaxhe
sampling day was determined by dividing the diffee of the current TPH values by the initial TPHueain
soil. The percentage of TPH removal in soil on esarmpling day was determined using Edg:

TPH,~TPH
TPH,

%Removak 10( (1)
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Where TPH = total petroleum hydrocarbon on sampling day @& BRAH = total petroleum hydrocarbon on each
sampling day.

Results and Discussion
Determination of physicochemical parameters

The selected physicochemical parameters were redatitroughout the phytotoxicity test for each
gasoline concentrations in two treatments plantadi inplanted (Figure 1).Generally, the pH, ORP By
decreased slightly during the exposure period.mguttie 72 days of the experiment, the pH rangeddmi 6.4
and 7.5 for planted aquaria and between 5.2 anéb6.0dnplanted aquaria. The conditions of experitsetine
aerobic or anaerobic, can be distinguished with @@ ORP measurements. For the planted and unplanted
treatments, the DO ranged between 1.2 and 7.2 niglLORP between 7.13 and 111.5 mV. The decreasing
DO readings indicate that the treatment environnweag anoxic conditions. Furthermore, measuremés t
ORP for all gasoline concentrations were in the@lierand anoxic range. [17] Demonstrated that thdti@n
of hydrocarbons to the soil altered the soil pH #mal conditions of the phytotoxicity test can basskd as
anoxic/anaerobic, as the concentration of dissobxggen was very limited.

Plant responses to the gasoline contaminant

The plants growing throughout 72 days in soil migturigated with gasoline contaminated soil ineéra
with bacteria showed obvious differences in appegaompared with those in the corresponding ctan(&
mucronatus without the contaminant and bacteria) (Figure ). plant death was recorded with gasoline
concentrations. However, the growth 8&f mucronatus was increased with the gasoline concentrations,
indicating that the plant growth and developmens wacome better due to plants and their assodiaieteria
interact with each other in planted treatments Tgle biomass of. mucronatus increased in the gasoline
phytoremediation treatment. The wet weight biomafs§. mucronatus at the end of the exposure period at
concentration 10g/kg reached 100.5 + 1.7 g and aha®st the wet weight biomass &f mucronatus in
corresponding control only (36.4 +.97 g) (Figuré and ii). This situation may have occurred duethe
addition of the bacteria that acted and enhanaedrbwth. However, the plant biomass increased 4tdays
in 5 g/kg and 30g/kg for wet amounted were 47.5nd &45.6 g but for dry weight at 18.9 g and 6.3 g
respectively. Several previous studies showed amndsults. [18] Reported Pea, cress, and pansysphave
increased amounts of total priority petroleum artienhydrocarbon extracted from soil by more tha®oel7
during 68 days. Based on a study by [14] a lardBciency in the remediation enhanced with the ésmtg
growth of bacteria in rhizosphere when attempteahgthizophora mangle L. and observed a larger growth of
plants exposed to contaminated sediments by hydrooaafter 3 months of phytoremediation.

Microbial plate count

The microbial population irs. mucronatus rhizosphere zone was evaluated at different gasoli
concentrations (0, 5, 10 and 30 g/kg) as showirigufe 3). It was found that the gasoline pollutambhanced
the microbial population and increases its divgrsithe degradation of hydrocarbons mainly dependshe
capabilities of the microorganisms in the surrongdrhizosphere [5] During the experiment, microbial
populations in the control aquarium were signifitarlower than those in the aquaria with gasoline
concentrations of 5, 10 and 30 g/kg. Generally, iheterial population in the treatments with diéietr of
gasoline concentrations increased until 42 days,tlen started to decrease to the end of the 72eagd of
exposure.

The population of rhizobacteria in the plant cohtrguarium without contamination (0 mg/L) was 1.4
x10°to 1.7x16 CFU mL* soil at from day O to 42, and was obviously lowemn that in the treatments with
different gasoline concentrations. In other wottig, population of bacteria in aquaria irrigatedwgasoline-
contaminated soil was clearly higher than in thatad aquarium. Similarly, the population of badeimn
treatments with the highest gasoline concentraifd®0g/kg amounted to 1.6 x 3 2.7 x 16 CFU mL " soil
at from day 0O to 42, which was similar with gaseleoncentration of 5 and 10g/kg. The bacterial fadfmun in
the treatment with lowest gasoline concentratioBgikg amounted from 1.5 x 1@ 2.55 x 18 CFU mL™* soil
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during 42 days of treatment. The growth of bactémial0 g/kg was higher than other concentratiora th
amounted 2.4 x £Go 2.9 10 CFU mL™ soil.
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Figure 1. : Physical parameter variations in the phytotoxit#st withS mucronatus using gasoline
as the contaminant.
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Figure 2.: Growth response parameters: (i) wet weight, (iy eveight in the phytotoxicity test o&.
mucronatus using gasoline as the contaminant. Error barsatdithe standard deviation (n = 3). The means
among different gasoline concentrations followedh®s/same letter (a—e) were not significantly défe at

p < 0.05.
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Figure 3. : Total count of the bacterial population during ##days of the experiment comparison
of the microbial populations in the control andhdlifferent gasoline concentrations of 5, 10 ang/I&§

TPH Removal in Sail

To obtain more information about degradation asajiae in the soil mixture was conducted in (Figdde
shows degradation and removal over 72 days fothitee different gasoline concentrations treatmeplasted
and unplanted(5g/kg, 10g/kg and 30 g/kif)e removal efficiency of gasoline contaminant iositreatments
was significantly different between all concenwas and sampling days (7, 14, 28, 42 and 72). Tdsemum
TPH degradation removal in soil mixture of 87.5%wtced with gasoline concentration of 10g/kg aftér
days of treatment, while the average removal itd@sesponding control treatment was only 55 %.ilSihy,

the degradation rates with gasoline concentratodris and 30 g/kg were 84.5 and 83.3%, respectiwehjle

the average removal in the corresponding contrehttnents was 56.3 and 54.2%, respectively. The
convergence of results indicates the ability oftbda S. marcescens partnership with plant .Snucronatus to
enhance degradation of TPH and survive in thegethasoline concentrations.
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Statistical analysis was performed between treaisna@lanted and unplanted at each sampling time for
all gasoline concentrations as illustrated in (Fégd). The removal TPH degradation in all conceiuna
significantly (p < 0.05) different between plantead unplanted (corresponding control). Due toirtkeraction
betweerselected bacteria amiants the hydrocarbons were metabolized. The maichanism to removal TPH
in phytoremediation of contaminated soils is assiitoebe rhizodegradation, the stimulation of baater the
rhizosphere zone to degrade and enhance remov&PHf [19]. In control soil mixture may also be the
consequence of biodegradation by indigenous migeovsms [4] The phytoremediation of TPH, especiily
soil on many studies according to [20], the remmfadiesel from soil contaminated with 15,000 mgdkgsel
by Scirpustriqueter was 67.41 and 72.62% planted and unplanted, regplgc [21] Reported our results show
that diverse plant species growing in hydrocarbontaminated soil with microbial populations, whictay
impact upon the ability of plants to promote thgreation of specific types of hydrocarbons. Thgrdeation
of TPH byMirabilis jalapa and showed that the average efficiency to remod ®fer 127-day culture period
was high, up to 41.6-63.2%, while the removal tagenatural attenuation was only 19.7-37.9% [4].] [22
Showed bacterial inoculation in phytoremediatiomastes plant resistance to the contaminant stmeds a
increases their acclimation rate and biomass feomatSimilarly hydrocarbon degradation by bacteria
enhanced plant biomass production and HC degradiR]. The synergistic action of the plants andteaal
inoculation rhizodegradation of hydrocarbon exlethinore efficient as compared to microbial reméatiaand
phytoremediation [24].

& Planted B Unplanted
: A A A

% Degradation of TPH

Gasoline concentrations

Figure 4.: Degradation percentage in soil mixture extraction  mucronatus exposed to gasoline
contamination at5 g/kg, 10 g/kg and 30 g/kg. Badidate the standard error of three replicates 8). Letter
A: statistically significant gasoline removal frosoil between two treatments planted and unplanted w
represented (p < 0.05).

Conclusions

The tolerance of plants to soil contamination byadiime concentrations after 72 d demonstrated gat
mucronatus has the ability to survive and provide suitabladitons for rhizobacteria to degrade hydrocarbons
at all investigated gasoline concentrations (5,ah@ 30g/kg). The dry and wet weight of the plaighsly
increased on exposure to gasoline at 42 d in 5arkh30 g/kg. The highest wet weight in concerdrafiO
g/kg 100.5 g at 72 d while dry weight amounted 3p.6 the 5g/kg and 30 g/kg amounted for 43.4g Hh8g
was wet but dry weight at13.1g and 6.3g respegtiv@Blased on soil extraction, the highest TPH remhoate
was 87.5%, in comparison to the removal rate bydbeesponding unplanted controls of only 55%.The
removal rates with gasoline concentrations of 5 a@dg/kg were 84.5 and 83.3%, respectively, wHile t
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average removal in the corresponding control treatmwas 56.3 and 54.2%, respectively. This indicétat
the biodegradation process played a role in trartrent with 10% rhizobacteria.
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