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ABSTRACT

Response Surface Methodology (RSM) with Box BehnResign (BBD) was used to study the effects oktim
organic fertilizer (composted from 25% cattle du2§% goat dung, 25% pig dung and 25% poultry manpam kernel
oil (PKO) and commercial activated carbon (CAC)radependent biostimulating agents on the enhanmadrbediation
of soil contaminated with anthracene, a polycyaliomatic hydrocarbon (PAH) consisting of three €ubenzene rings.
The BBD consisted of three levels and four facteith anthracene reduction and total hydrocarbolizintg bacteria
(THUB) count as dependent variables (responses)six week remediation period. The results inditdtat the rate of
anthracene removal and THUB count generally ine@ass time progressed and with increase in thd tEverganic
fertilizer, PKO and CAC amended. A statisticallgrficant (P < 0.0001) second-order quadratic regjom model for
anthracene removal (using design-expert statisfioagiram (v. 6.0.8) with coefficient of determiratj R (0.9818 and
0.9866) for anthracene reduction and THUB countewastained respectively. A multi objective humerigptimization
technique based on desirability function was cdroat to optimize the bioremediation process. Thedigted optimum
values of time, organic fertilizer, PKO and CAC weaorrespondingly found to be 5 weeks and 6 day872g, 29.63 g
and 29.83 g to achieve 91.04% and 19.57xfi¥g maximum anthracene reduction and THUB colmthe optimized
condition, 90.85% anthracene reduction and 19.4%%@ THUB were obtained respectively. The statatanalyses and
the closeness of the experimental results and mpdalictions show the reliability of the regressimodel. Thus,

biostimulation of indigenous microbial communitynoanhance remediation of PAH contaminated envirarime

KEYWORDS: Anthracene, BBD, Bioremediation, Biostimulating Ag® PAH, RSM, Second-Order Quadratic

Regression Model
1. INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHSs) also knoagnpolyarenes, polynuclear aromatic hydrocarbars)a
product of incomplete combustion. They are a atdssrganic compounds that consist of two or moeéubenzene rings
that are arranged in various structural configorati (Sims and Overcash, 1983; Dabestani and Ivat289; Harvey,
1997). They are highly recalcitrant molecules ttat persist in the environment due to their hydotyitity and low water
solubility (Cerniglia, 1992). The toxicity of PAHgas first recognized in the second half of the k&thtury. In 1761 the
physician John Hill documented a high incidencena$al cancer in tobacco snuff consumers and in P&rbival Pott
reported a high rate of scrotal skin cancer in cl@ynsweeps (Cerniglia, 1984). It is known todayt fbav molecular

weight (LMW) PAHs are acutely toxic and high molkeu weight (HMW) PAHs are considered genotoxic.

www.iaset.us anti@iaset.us



8 Ajani Ayobami Olu, Ogunleyeoladipupo Olaosebikan &Hamed Jimoh Olugbenga

Epidemiological studies show direct evidence ofdhecinogenic effects of PAHs in occupationally @sgd persons and
demonstrate that the risk of lung and bladder caisceose related (Mastrangedb al.,1996). Due to their mutagenic,
carcinogenic and genotoxic activities, PAHs aresgifeed as priority environmental pollutants (Waitj 2002).Various
petroleum products are common soil contaminants afteh contain potentially hazardous chemicalstipaarly the

polycyclic aromatic hydrocarbons (Huang et al.,£200kon and Mbong, 2013).

Anthracene is a solid polycyclic aromatic hydroearkconsisting of three fused benzene rings. Itsemdéar
formula is G4H1g It is @ component of coal tar. Anthracene is deks but exhibits a blue (400-500 nm peak) fluarase
under ultraviolet light (Iglesias-Grothgt al., 2010). Common ways anthracene can enter the badthesugh breathing
contaminated air, eating or drinking food and wétat are contaminated with PAHs. Anthracene fodiom$ng incomplete
combustion of organic compounds (Faust, 1993). Likest PAHs, anthracene is used to make dyes, ¢dasmd
pesticides. Smoking cigarettes can lead to expasuamthracene since it has been found in tobandoceyarette smoke.
Exposure can also occur by eating foods grown imarainated soil or by eating meat or other food ihgrilled. Grilling
and charring food actually increases the amourRAlfls in the food. Exposed to anthracene could atsur by eating
smoked fish or meats. Anthracene has also beem fousurface water and drinking water. Anthraceas been detected
in coal tar so working at a business that makeasses coal tar could also lead to exposure to atgheand other PAHs
(ATSDR, 1990).

Bioremediation is the use of microorganisms to ddgrorganic pollutant present in water, waste watadge,
soil, aquifer material. It is cost effective andseanmental friendly and it is presumed to playiacreasing important role
in the cleanup of soils, sediments and ground waiataminated with hazardous contaminants like PAitsremediation
of contaminated soils offers a number of advantames conventional treatments on the basis of iitgirenmental
friendliness and low costs. The interest in thishtelogy has increased over the last few years RASER001; Sayed
et al., 2011). For bioremediation process to be effegtenvironmental condition must permit microbiabygth and
activity and therefore manipulation of environmémarameters to allow microbial growth and degrastaprocess must
be done in order to make the process proceed astarfrate (USEPA, 2012). For bioremediation tcsbecessful, the
bioremediation methods depend on having the rigbtahes in the right place with the right environma factors for
degradation to occur. The right microbes are bactarfungi, which have the physiological and metabcapabilities to
degrade the pollutants. Bioremediation offers smvadvantages over conventional techniques suclareask filling or
incineration. Bioremediation can be done on sg@fien less expensive and site disruption is mahifh eliminates waste
permanently, eliminates long-term liability, andstgreater public acceptance, with regulatory eragement, and it can

be coupled with other physical or chemical treathmethods (Caplan, 1993).

Several factors may however limit the biodegradatd PAHs in contaminated soils including limitegpply of
bacterial, nutrient or carbon sources, nonoptintébtec conditions of temperature, pH, salts, oxygemcentration and
toxins, lack of bacterial species that can degrBdél compounds or low microbial biomass in genelaly PAH
bioavailability to degrading organisms and physemical characteristics of PAH compound(Alexand®9%;, Olsonet
al., 2003; Straubet al., 2003; Harmsest al., 2007; Ghalyt al., 2013).

Manipulations of these limitations are the basis mremediation of PAHs in this study with the saQuent
goals of improving soil microbial habitat througlogtimulation technique, overcoming the toxicityafjanic pollutants

to indigenous microorganisms by the use of adsarphiostimulation and increasing the bioavailapildf the PAH.
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Response surface methodology (RSM) was used ty shedbioremediation of soil contaminated with aatene using
organic fertilizer, PKO and CAC as biostimulatirgeats. Also, 2full factorial Box-Behnken designs of experimentreve
implemented in order to evaluate the interactidaat$ of the biostimulating agents and time onbioglegradation rate of

anthracene as well as to optimize the anthraceneval.

2. MATERIALS AND METHOD

2.1. Collection of Samples

The soil sample used for the study was colleatenh fthe top surface (0 — 15cm) of Teaching and &ebefarm
of LadokeAkintola university of Technology (LAUTEQHOgbomoso, Nigeria. The soil samples were aied]ri
homogenized, passed through a 2 mm (pore sized sies stored in a polyethylene bag and kept iratberatory prior to
use(Agarryet al., 2010). The anthracene and commercial activazedon, (manufactured by Sigma-Aldrich, St. Louis,
MO, USA) were of analytical grade while the Palmriked Oil was purchased from a local producer in @gbso,
Nigeria. The cattle dung (CD), goat dung (GD), gig (PD) and poultry manure (PM) were obtainedhfloAUTECH

Teaching and Research farm, Ogbomoso, Nigeria.
2.2. Preparation of Organic Fertilizer

The animal wastes were each sun dried for twoksyegrinded and sieved to obtain uniform size pkasi The
animal wastes were then each weighed in the latmyratsing digital weighing equipment to 300g eathe dungs were
afterwards crushed and mixed together with wateleddo ensure thorough mixing. The mixture wasvasi to compost
for two weeks with regular mixing after every 3 daand also water was added to allow proper mixikgamuthy et al.,
2013; Chijioke —Osujiet al., 2014).

2.3. Characterization of Soil Sample and Organic Félizer

The soil sample and amendment agents were charactefor total carbon (TOC), total nitrogen (Nytal
phosphorus, moisture content, and pH accordingatodard methods. Total nitrogen was determinedjbgathl digestion
and steam distillation method of Bremner and Muéxan(1982). Available phosphorus was determinedutin the
method used by Olsen and Sommers (1982). Availabiiassium was determined using the flame photoni€eapman
and Pratt, 1978). Available micro nutrientswere ed@ined by the (diethylenetriaminepentaacetic adiijPA
micronutrient extraction method, developed by Lmdst al., 1978, Total Heterotrophic Bacteria (THB) and Total
Hydrogen Utilizing Bacteria (THUB) present in theilswere determined according to the methods of Kddma and
Okpokwasili, 1993; Odokuma and Ibor, 2002; Amanciulet al., 1989; and Millst al., (1978). The pH was determined
according to the modified method of McLean (1988}al organic carbon was determined by the modifietl combustion
method (Nelson and Sommers, 1982) and moistureenbrivas determined by the dry weight method. The

physicochemical characterized parameters are gezsanTable 1.
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Table 1: Soil Sample and Organic Fertilizer Physicohemical and Microbiological Analysis

Parameter Sall Organic Fertilizer
pH 6.8+0.1 7.540.1
Organic Carbon (%) 1.15+0.02 26.5+0.01
Total Nitrogen %) 0.75+0.02 2.5+0.03
Phosphorus (%) 0.06+0.01 0.34+0.01
Potassium (%) 0.09+0.01 0.21+0.01
Moisture Content (%) 10.41+0.2 9.5+0.2
Residual Anthracene (mg/kg 0.19
Sand (%) 14.2+0.2
Silt (%) 78.2+0.2
Clay (%) 7.6+0.2
THUB 0.68 x 16+0.2 1.93 x 180.3
THB 14.8 x 16+0.1 21.2 x 18#0.2

Data presented are means of triplicate deternoinatistandard deviation.
2.4. Enumeration and Identification of THUB in Soil

The total hydrocarbon utilizing bacteria (THUB)thre soil samples were enumerated using modifieteral salt
medium of Millset al., (1978) 1.8 g KHPQ,, 4.0 g NHCI, 0.2 g MgSQ.7H,0, 1.2 g KHPQ,, 0.01 g FeSO7H,0, 0.1 g
NacCl, 20 g agar, in 1000ml distilled water, pH 7.ihe vapour phase transfer method (Amanchukinal., 1989) was
used. A filter paper saturated with anthracene aseptically placed on the inside of the invertettiRishes and the
culture plates were incubated at (28+2°C) for 7sd@dokuma and Okpokwasili, 1993; Odokuma and 12602). Plates
yielding 30 - 300 colonies were enumerated. Cobmidifferent hydrocarbon utilizing bacteria wasmdomly picked
and pure isolates were obtained by repeated stbrtig on nutrient agar. The bacteria isolates vefr@acterized using
microscopic techniques and biochemical tests. Tdentities of the isolates were determined by compatheir
characteristics with those of known taxa as desdriby Bergey’'s manual of determinative bacteriol@8ychanan and
Gibbons, 1994).

2.5. Determination of Residual Anthracene in Soil &mple

Samples were taken before contamination and aftetamination at the stipulated days from each @f th
experimental runs. The residual anthracene coimtethie anthracene polluted soil during the studygoewas determined
gravimetrically by toluene cold extraction methddAalesodun and Mbagwu (2008). Soil samples (10 g)ewweighed
into 50 ml flask and 20ml of toluene was addedxivaet the anthracenein the soil. After shaking30rmin, the mixture
was allowed to stand for 10 min and it was theterid through whatman Nol filter paper. The ligpichse of the extract
was measured at 420 nm absorbance using a speatimoptier (Model 6100 PYE UNICAM Instrument Englan@he
anthracene content in the soil was estimated vwetbrence to standard curve derived from fresh andme diluted with

toluene
2.6. Preparation of Contaminated Soil

200 mg of anthracene was dissolved in 50 ml ofretimd added to 1 kg of soil present in a plasiitkbt. After
capping for 24 h, the cap was opened and evapofate24 h in a hood. The final concentration of 8@l was then
200.19 mg /kg, which is in the concentration rafgend in contaminated sites (Zemaretkl., 1997; Fungt al., 2010).
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2.7. Bioremediation Experiment

To optimize the range of experimentation fdrf@l factorial Box-Behnken design, the followingperiments
were performed in containers (used as bioreaciastained at room temperature. Soil samples (H)08ere placed in
containers (microcosm) and were contaminated withracene as described in section 2.6. The antheacentaminated
soil in each container was amended with differenvants of organic fertilizer (10, 15, 20, 25 andg3pPKO (10, 15, 20,
25 and 30 g) and CAC (10, 15, 20, 25 and 30 gpewtvely. Soils used as controls were not amendédany nutrient.
In total, 17 microcosms were settled and incub&ed!2 days. All bioreactors were mixed manuallcemper week to
enhance oxygenation and kept moist during the 42 daperimental period. Samples were withdrawmi&trvals of one

week for residual anthracene and THUB count analysi
2.8. Experimental Design and Data Analysis

The experimental design was done using Respondac8uMethodology (RSM) via the Box Behnken Design

(BBD) and the factors (time in the range 2-6 weekganic fertilizer in the range 10-30 g, PKO ie tlange 10-30 g and
CAC in the range 10-30 g) with their ranges wetteasegiven in the Table 2. The number of experi@enins generated
by RSM was 30 as shown in Table 3 and two respomaegly percentage anthracene removal and THUBtsouere

considered. Each of the independent amendmentlesiavas studied at three levels of -1, 0, +1 (@&D) the levels were
selected based on the preliminary study resultudsed in section 2.7. Anthracene contaminatedasthibut amendment
served as control 1 while anthracene contaminatedckaved soil served as control 2. The statistazdtware Design
Expert 6.0.8, (Stat-Ease Inc., Minneapolis, USAlwaed to evaluate the analysis of variance (®5)@o determine the

significance of each term in the fitted equationd # estimate the goodness of fit in each case.

Table 2: Experimental Range and the Levels of the afiables

Dependent Unit Level

Variable Low Medium High
(-1) 0 (+1)

Time wks 2 4 6

Organic g 10 20 30

Fertilizer

Palm g 10 20 30

Kernel

oil

Commercial Activated Carbon g 10 20 30

Table 3: Coded and Uncoded Box-Behnken Design folhé Four Independent Variables for Anthracenebiore

mediation
Time F% rrgt’iﬁglecr Palm Kernel Activated
Run (A) (B) V(a|l)Je Qil (C) Carbon (D) V(a|l)Je
Code Value Code ° Code Value Code °
(wk) (@
1 0 4 0 20 1 30 1 30
2 -1 2 -1 10 0 20 0 20
3 -1 2 1 30 0 20 0 20
4 0 4 0 20 0 20 0 20
5 1 6 1 30 0 20 0 20
6 1 6 -1 10 0 20 0 20
7 0 4 0 20 1 30 -1 10
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8 0 4 0 20 0 20 0 20
9 0 4 0 20 -1 10 -1 10
10 0 4 0 20 -1 10 1 30
11 0 4 0 20 0 20 0 20
12 1 6 0 20 0 20 1 30
13 0 4 1 30 1 30 0 20
14 0 4 1 30 -1 10 0 20
15 1 6 0 20 0 20 -1 10
16 0 4 -1 10 1 30 0 20
17 -1 2 0 20 0 20 -1 10
18 0 4 0 20 0 20 0 20
19 0 4 -1 10 -1 10 0 20
20 -1 2 0 20 0 20 1 30
21 -1 2 0 20 -1 10 0 20
22 -1 2 0 20 1 30 0 20
23 0 4 -1 10 0 20 1 30
24 0 4 0 20 0 20 0 20
25 0 4 1 30 0 20 -1 10
26 1 6 0 20 1 30 0 20
27 1 6 0 20 -1 10 0 20
28 0 4 0 20 0 20 0 20
29 0 4 1 30 0 20 1 30
30 0 4 -1 10 0 20 -1 10
Control 1 - - - - - - - -
Control 2 - - - - - - - -

3. RESULTS AND DISCUSSION

3.1. Natural Bioattenuation and Enhanced Bioremediton

The results of the statistical experiment werdyaea with regard to the coded design matrix gfenforming 30
runs of the Box-Behnken Design (BBD) and 2 contrdlee regression equation shows that the anthradegradation rate
was an experimental function of test variablesader units. Table 4 shows that at the end of thengtek, anthracene
concentration had decreased in all the containeds THUB counts also had increased in all the coetai Natural
biodegradation (natural bioattenuation) removed®1% anthracene in control 1 and 6.62% in contraltle THUB
count in control 1 was 9.2 x 4@u/g and that in control 2 was 7.1 x'&fu/g. The reduction in anthracene content of

containers with amendments was much higher as siroable 4 in the same period.

Table 4: Experimental Design and Results for Bioremdiation of Anthracene

RuN Anthracene Reduction (%) THUB(cfu/g x10°)
Actual Value | Predicted Value | Actual Value | Predicted Value
1 79.32 80.41 10.32 10.13
2 66.33 66.27 3.90 3.25
3 71.13 70.23 4.80 4.82
4 73.23 73.94 6.20 6.43
5 84.86 85.13 15.20 15.27
6 82.32 82.36 12.60 11.26
7 79.64 79.93 11.00 10.67
8 81.27 79.89 12.00 11.21
9 78.42 78.03 9.70 9.80
10 78.42 78.03 9.70 9.80
11 76.22 76.57 8.40 8.34
12 88.76 88.06 18.20 18.26
13 80.11 81.37 11.20 11.09
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14 76.45 76.29 8.70 9.07
15 83.47 83.23 13.70 11.83
16 75.37 75.34 8.20 7.99
17 64.43 65.59 3.60 3.65
18 78.97 79.55 9.90 10.20
19 78.42 77.80 9.70 9.24
20 72.13 72.45 5.40 5.07
21 67.78 67.97 4.20 3.96
22 68.73 69.09 4.40 4.56
23 78.42 77.80 9.70 9.24
24 77.72 79.66 9.50 10.77
25 74.22 73.95 7.90 7.69
26 86.91 88.06 17.50 18.14
27 84.96 84.45 16.60 16.52
28 74.17 75.42 5.40 5.23
29 78.42 79.43 9.70 10.07
30 78.42 79.43 9.70 10.07

Control 1 15.21 0.92

Control 2 6.62 0.00071

These results indicate that the addition of biostants increased the rate of biodegradation. Asiciemable
decrease in anthracene concentration was obsemvads 5, 6, 12, 15, 26 and 27 all at six weeke Tbmparison of
percentage anthracene reduction in enhanced bidiatiem and natural bioattenuation for each rushewn in Figure 1

and the comparison of THUB count enhanced bioreatiedi and natural bioattenuation for each run aghin Figure 2.
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% Anthracene Reduction
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Figure 1: Percentage Anthracene Reduction from Soih 30 Runs of Complete Factorial Design Samples In
Comparison To Natural Bioattenuation
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Figure 2: THUB Count in Soil in 30 Runs of Complete~actorial Design Samples in Comparison to Natural
Bioattenuation

The effects of different concentrations of orgafeidilizer were investigated at the same conditibtime, PKO
and CAC (run numbers 2 and 3, run numbers 5 amdrénumbers 14 and 19 and run numbers 25and 3@)fitiings
demonstrated that the addition of organic fertilizan enhance the biodegradation process of amtheacontaminantion
in soil. Abioyeet al., (2009), Liuet al., (2010) and Akpovetet al., (2011) in their respective works have demonsttahe
positive effect of organic wastes on enhanced lgjattation of petroleum hydrocarbons. Abiagteal., (2009) reported
the positive effect of organic waste (brewery spgrein, spent mushroom compost, and banana skingntranced
biodegradation of used motor oil, Létial. (2010) used organic manure made up of rice stradvpig dung to biostimulate
the degradation of an oily sludge and obtained @lTRetroleum Hydrocarbon(TPH) reduction of 58.2%&iremediation
period of 360 days while Akpovett al. (2011) made use of the mixture of cow dung, piggland poultry dung to

biostimulate crude oil biodegradation in soil afdained 81.7% TPH reduction in a remediation peabsix weeks.

Likewise, run numbers 13 and 14, run numbers 16180 run numbers 21 and 22 and run numbers 2@ amd
the same condition of time, organic fertilizer 228C but different concentrations of PKO and theuhissshow that extra
addition of PKO improved anthracene biodegradatidrsimilar observation has been reported for biaéiation of
different PAHSs like phenanthrene and fluorantheramhthalene, fluorine, pyrenee.t.c. using vegetalidesuch as PKO
and soybean oil (Zonggiamjal., 2006; Lawet al., 2009; Funggt al., 2010) and it has been demonstrated that vegetélbl
can be used as an effective solvent to extractnizgaontaminants from soils for remediation purpfisesaariet al.,
2001; Bragato and El Seoud, 2003; Paetral., 2004).

Similarly, run numbers 12 and 15, run numbersrid 20, run numbers 23 and 30 and run numbers 22%hadd
the same condition of time, organic fertilizer @dO but different concentrations of CAC. The resulbtained indicate
that addition of CAC improved anthracene biodegtiadaThis is corroborated by the findings of Galet al., (2006) and
Ademiluyi et al., (2009) who achieved remediation of contamina@itiand polluted industrial waste waters respetyiv
through the use of activated carbon as the usetfaged carbon helps to overcome the toxicity famic pollutants to

microbes and plants during bioremediation.
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In addition, efficiency of bioremediation is a fition of the microbial viability in the natural emenment
(Joo et al., 2008). Factors, such as nitrogen, phosphorus maicdoorganism presence have been reported totaffec
bioremediation (Odokumaand Dickson, 2003; Moleaial., 2009). Abdulsalanet al., (2011) and Abioyest al. (2009)
showed that natural attenuation removed 50% o&mil grease and 68% of TPH in petroleum contamirsited after 70
and 84 day incubations respectively. When thewa# supplemented with nutrients (nitrogen and phosgs), 66% and
92% to 95% of the contaminant was respectively regdoThe results suggest that high dose of nuteéergndment can
accelerate the initial PAH degradation rate and rmslgrten the period to clean up contaminated enmiemts. The
accelerating effect of amendment is stronger whanent availability is a limiting factor in the ddlegradation process
(Palaet al., 2006).

3.2. Second-Order Polynomial Regression Model andaistical Analysis

The experimental data were fitted to a secondropdé/nomial regression model (Equation 1), coritajrfour
linear, four quadratic and six interaction termofiyomery, 2008) using the same experimental desiffvare to derive

the equation for anthracene removal from contarathabil.

Y =Bo + B1A + BB + BsC + BD + BriA” + BooB” + BadC” + PasD? + B1oAB + B1sAC + B1,AD+ BsBC + B24BD +
B3.CD (1)

wherepy is the value of the fixed response at the cententf the designBi,p,, Bz andf,, the linear coefficients;
B11,B22 P2z andPas, the quadratic coefficient$is, Pis, Pia P2z Pos @andPas the interaction effect coefficient regression
terms, respectively; and A, B, C and D the levélmdependent amendment variables. The significafieach coefficient
in the equation was determined by F test and Pegdlio test the fit of the model, the regressionadgn and
determination coefficient #Rwere evaluated. The regression equation obtaifted analysis of variance gives the level of
percentage PAH reduction and THUB count as a fanabf the different amendment variables: Organitiliger, PKO,
CAC and time. From Tables 5 below, Model F-valu&0fll and 68.48 for percentage anthracene reduatid THUB
count in anthracenecontaminated soil respectivaplied that the models are significant and themniy a 0.01% chance
that "Model F-Values" this large could occur daebise. Values of "Prob > F" less than 0.0500(Pes 0.05) at the 95%
confidence level indicate model terms are significand values greater than 0.1000 indicate the hiedens are not
significant. Values of "Prob > F" less than 0.05@)(P < 0.05) at the 95% confidence level indicaiedel terms are
significant and values greater than 0.1000 indidhe model terms are not significant. For percemtagthracene
reduction, A, B, C, D, Band [F are the significant model termswhile for THUB cbimanthracene contaminated soil, A,

B, C, D, &, B? and Dare the significant model terms

Also, Standard deviations of 1.13 and 0.7, mdaf8®9 and 10.11, C.V of 1.45 and 7.09, PRESS16f45 and
49.96 for percentage anthracene reduction and ThiUanthracene contaminated soil respectively wéitaioned. The
value of the determination coefficient R-Squared ®818 and 0.9866 for percentage anthracene iedwumbd THUB in
anthracene contaminated soil repectively is a measugoodness of fit to the model. Adjusted (ARjSquared of 0.9622
and 0.9722, Predicted (Pred) R-Squared of 0.878%&001, and Adequate (Adeq) Precision of 25.5@¥ 2v.795 were
obtained for percentage anthracene reduction andBrkh anthracene contaminated soil respectivelye Predicted
(Pred) R-Squared of 0.8735 and 0.9001 are in redd@ragreement with the Adjusted (Adj) R-Squared.8622 and
0.9722. "Adeq Precision" measures the signal teenmatio and a ratio greater than 4 is desiralile.ratio of 25.507 and

27.795 obtained for percentage anthracene reduatidnTHUB in anthracene contaminated soil respelgtiindicate an
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adequate signal and this model can be used toatavige design space. The fitted model is considadequate if the F
test is significant (P < 0.05). The analysis ofiaate (ANOVA) quadratic regression model demonsttdahat the model
was highly significant for percentage anthracemicon and THUB in anthracene contaminated soilas evident from
the very low probability (P < 0.0001) of the F tasd insignificant result from the lack-of-fit mdq@able 5). The model
F-values for percentage anthracene reduction antBlldount in anthracene contaminated soil (50.11 6Bd48

respectively) were significant at the 99% level. (is basis, it can be concluded that the seleptedels adequately

represent the data for percentage anthracene redactd THUB count in anthracene contaminated soil.

The lack-of-fit test is performed by comparing thariability of the current residual model to thariability
between observations. The coefficient of varia{iG) as the ratio of the standard error of estintatthe mean value of
the observed response is a measure of reprodtcibflithe model; generally, a model can be consdeeasonably
reproducible if its CV is not greater than 10%. Enthe low variation coefficient value (CV = 1.4386 % anthracene
reduction and 7.09% for THUB count in anthracenet@minated soil obtained indicates a high precisiod reliability of

the experiments at replicate settings of the factor

The final equation in terms of coded factors twe percentage anthracene reduction for the bioritieal of

anthracene including both the significant and indigant terms is given by:

Y percentageanthracene reductian + 78.42 + 7.26A + 2.17B + 2.78C + 2.47D - 0.84A1.58F + 0.46C + 1.240 +
0.19AB - 0.9AC +0 .22AD + 0.72BC - 0.5BD - 0.52CD (2)

and the final equation in terms of coded factorstétal hydrocarbon utilizing bacteria for the t@mediation of

anthracene including both the significant andgn#icant terms is given by:

Y TotalHydrocarbon utilizing bacteria = + 9.70 + 6.07A + 0.91B + 1.08C + 0.96D + 1.614.708" + 0.083C + 0.650F +
0.13AB - 0.050AC + 0.22AD + 0.45BC - 0.45BD - 0.@@D ()

Where A is time (wks), B is organic fertilizer () is PKO (g) and D is CAC (g).

Table 5: ANOVA for the Quadratic Response Surface Mdel Fitting to the Bioremediation Data of Anthracene

Source SS DF MS F Value Probability < F (P Value)
Anthracene Reduction
Residual Model 16.75 13 1.29 50.11
Lack of Fit 16.75 10 1.67 < 0.0001
Pure Error 0.000 3 0.00(
Total Correlation 936.13 29
R = 0.9818

Adjusted R= 0.9622
Predicted R= 0.8735
Adequate Precision = 25.507

THUB

Residual Model 6.69 13 0.51 68.48

Lack of Fit 6.69 10 0.67 < 0.0001
Pure Error 0.000 3 0.00(

Total Correlation 503.47 29

R = 0.9866
Adjusted R=0.9722
Predicted R= 0.9001

Adequate Precision = 27.795
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The coefficient of the model (parameter estimatiany the corresponding P values are presented lie§ &, the
significance of regression coefficients was congdeat a significance level of 95%. A, B, C, D? &nd [F are the
significant model terms for percentage anthracedection and for THUB count in anthracene contateihaoil, A, B, C,
D, A% B? and 3. Thus, statistical analysis of all the experimedata showed that time, organic fertilizer, PK@daAC

had a significant effect on the percentage antmeceduction and THUB count in this study. Moreovewas observed
that PKO and organic fertilizer concentrations &ermore pronounced linear effect (higher coeffitigalues) on

percentage anthracene reduction and THUB count.

Furthermore, time exerted the highest positivedmeffect (due to higher coefficient) than thesiattion effect
between the amendment variables. The strong infief time on petroleum hydrocarbon degradationbegs shown in
the works of Atagana, (2008); Beesleyal., (2010); Liuet al., (2010) and Agarry and Jimoda, (2013) who alkboted
increased bioremediation rates as time progresSedsidering the quadratic effect of the independeariables on
percentage anthracene reduction and THUB countqtiagiratic effect of time and organic fertilizer rvenegative for
percentage anthracene reduction andonly the quadeffect of organic fertilizer was negative for UB count in

anthracene contaminated soil. The quadratic effetiine though negative is significant.

Table 6: Coefficient of the Model for Bioremediation of Anthracene

Factor Coefficient Estimate | Standard Error F Value | P Value Remark
Anthracene Reduction
Bo 78.42 0.46 50.11 < 0.0001 Significant
By 7.26 0.33 490.95 < 0.0001L Significant
B 2.17 0.33 43.81 < 0.0001 Significant
B3 2.78 0.33 72.24 < 0.0001 Significant
B4 2.47 0.33 56.95 < 0.0001 Significant
Big -0.94 0.43 4.67 0.0500 Significant
B2s -1.58 0.43 13.28 0.0030 Significant
B33 0.46 0.43 1.11 0.3121 Not significant
Bas 1.24 0.43 8.14 0.0136 Significant
Bis 0.19 0.57 0.11 0.7466 Not significant
B3 -0.94 0.57 2.72 0.1228 Not significant
By 0.22 0.57 0.16 0.6985 Not significant
B3 0.72 0.57 1.63 0.2242 Not significant
By -0.50 0.57 0.77 0.3947 Not significant
By -0.52 0.57 0.85 0.3722 Not significant
THUB
Bo 9.70 0.29 68.48 < 0.0001 Significant
By 6.07 0.21 858.50 < 0.0001L Significant
B 0.91 0.21 19.25 0.0007| Significant
B3 1.08 0.21 27.38 0.0002| Significant
B4 0.96 0.21 21.42 0.0005| Significant
Big 1.01 0.27 13.55 0.0028 Significant
B2s -0.70 0.27 6.61 0.0233 Significant
B3 0.083 0.27 0.093 0.7658 Not significant
Bas 0.65 0.27 5.56 0.0347 Significant
Bio 0.13 0.36 0.12 0.7330 Not significant
B3 -0.050 0.36 0.019 0.8913 Not significant
By 0.22 0.36 0.39 0.5413 Not significant
B3 0.45 0.36 1.57 0.2316 Not significant
B2y -0.45 0.36 1.57 0.2316 Not significant
By -0.050 0.36 0.019 0.8913 Not significant

www.iaset.us anti@iaset.us



18

Ajani Ayobami Olu, Ogunleyeoladipupo Olaosebikan &Hamed Jimoh Olugbengi

The predicted versus actual plot of tcanthracene reduction and THUB count are shown gures 3(a) an

3(b). Actual values were determined for a particular, mnd the predicted values were calculated fraaragproximating

function used for the model. The normal plot ofidaals for totalanthracene reduction and THUB ccare shown in

Figures 4(a) and 4(bResidual shows the difference between the obderakie of a response measurement and the

that is fitted under the theorized model and tthe closeness of the actual valuettie predicted vall. Small residual

values indicate that model prediction is accu Negative value of the residual indicates that ttieia value is greate

than the predicted value while a positive value liespthat the predicted value is ater thin the actual value and a

predicted value of zero means that the actual vialtentamount to the standard value on whichngarison is base

The Cooks distance and studentized residuals réditestthe normal distribution and constant variantehe

residuals, the goodness of fit, linearity of théefi model, and the independence. Cooks distammdare shown in Figures

5(a) and 5(ly)according to this plot there were no points thate potentially powerful duto their location in the factc
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Figure 5: Cook’s Distance Plots of (a) Total Anthracene Radttion and (b) Total Hydrocarbon Utilizing Bacteria

3.3Influence of Variable Interaction on Bioremediation of Anthracene

It can be observed from Table 6 that anthra bioremediation was influenced positively by theemartions o
time (A) and organic fertilizer (B); time (A) anatavated carbon (D); and organic fertilizer (B) aamctivated carbon (C
for both percentage anthracemenoval THUB in anthracene ntaminaed soil respectivelyThe interaction effects of all
the independent variables considered exerted lessiye influence due to lower coefficic. However, the interaction
effect of organic fertilizer and PKO exerted morempunced positive influence (e to higher coefficient) on anthrace
removal (i.e. percentage anthracene reduction afidBrin anthracene contaminated soil) than the catadeffect ol
organic fertilizer and PKOSeveral works have reported successful removaldfdtarbon contaminits from soil with
efficiencies above 80%hen vegetable oil like PKO was used (Set al., 2002; Enelket al., 2004; Pannet al., 2004;
Gonget al., 2006; Zhou and Zhu, 200 In addition, Atagana et al., (2003); Agametyal. (2010); Onuot et al. (2014)

have all reported that the biodegradation of critlen soil was more enhanced by iaddition of organic fertilize

The graphical representations of the respoare shownn Figure 6 to 11 help to visualize the interacefiects

on the bioremediation process.
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Figure 6: Effect of Organic Fertilizer and Time on AnthraceneBioremediation for (a) Total Anthracene Reduction
and (b) Total Hydrocarbon Utilizing Bacteria
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Figure 7: Effect of PKO and Time on Anthracene bioremediationfor (a) Total Anthracene Reduction and (b) Total
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Figure 9: Effect of PKO and Organic Fertilizer on AnthraceneBioremediation for (a) Total Anthracene Reduction
and (b) Total Hydrocarbon Utilizing Bacteria
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Figure 10 Effect of Activated Carbon and Organic Fertilizer on Anthracene Bioremediation for (a) Total
Anthracene Reduction and (b) Total Hydrocarbon Utiizing Bacteria
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Figure 11: Effect of Activated Carbon and PKO on AnthraceneBioremediation for (a) Total Anthracene Reduction

and (b) Total Hydrocarbon Utilizing Bacteria

The inkeraction effects of organic fertilizer and timn anthracene bioremediation illustrated in Figure 6(a).
The plot showed that higher rates of anthracenectamhs were attained with increase in organidlfeet and time. The
maximum anthracene degradation yield of 85.62% @l#tained with 30 g of organic fertilizer and at &eks and at a
fixed PKO mass of 20 g arattivated carbon mass of 2( A similar effect was observed for THUB counts aevgh in
Figure6(b) where it could be noted that increasirganic fertilizer and time also caused an incréa§eHUB counts. This
may be due to high concentrations of both macro andantrients in organic fertilizer needed for metisggm by the
intrinsic micioorganisms as reported by Njokuet (2008); Ghalyet al. (2013) and Onuohet al. (2014).

The 3D response surface plots the interaction effect between PKO and time forcpatage anthracel

reduction is shown in Figuré&a).Thisthree dimensional p indicatesthat both PKO and time had individual impact
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anthracene removal. The maximum anthracene degradgeld of 87.04% was obtained with 30 g of PK@daat 6
weeks and at a fixed organic fertilizer mass ofg2@nd activated carbon mass of 20 g. However,tipadct of time was
more pronounced than the impact of PKO as the ididal coefficient value was higher for time tham RKO. A similar

effect was observed for THUB counts shown in Fig(og with a maximum count of 17.89xtu/g.

The 3D response surface plot of the effect ofradon between activated carbon and time on pé&xgen
anthracene reduction is shown in Figures 8(a). plisindicates that both activated carbon and tivaé positive mutual
impact on the biodegradation process. At a fixaaceatration of PKO and organic fertilizer of 20agh, it was observed
that increase in activated carbon and time yieligter percentage anthracene reduction and THUBtcdhe maximum
percentage anthracene reduction of 88.68%was @otaiith activated carbon dose of 30 g and timebofageeks while

maximum THUB count of 18.60x%@fu/g was obtained as shown in Figure8(b).

The 3D response surface plot of the interactioiecefbetween PKO and organic fertilizer on percgata
anthraceneis shown in Figure9(a).This three dinoeasiplot indicates that both PKO and organic lieeii had individual
impact on anthracene removal. The maximum antheadegradation yield of 82.99% was obtained witlg 3 PKO and
30 g of organic fertilizer and at a fixed activatstbon dose of 20 g and a time of four weeks. Hewethe impact of
PKO was more than the impact of organic fertiliaerthe individual coefficient valuewas higher fa¢@Pthan for organic
fertilizer. A similar effect was observed for THUBounts as shown in Figures 9(b) with a maximum toafn
11.52x10cfulg.

The interaction effects of activated carbon anglaoic fertilizer on anthracene bioremediation lissirated in
Figure1l0(a). The plot indicates that higher ratearghracene reductions were attained with incréaseganic fertilizer
and activated carbon. The maximum anthracene detipadyield of 82.56% was obtained with 30 g ofamig fertilizer
and 30 g of activated carbon at a fixed PKO doskOoff and and time of four weeks. The same effext @bserved for
THUB counts as shown in Figures 10(b) where it lbarseen that increasing organic fertilizer andvatéd carbon also
caused an increase in THUB counts. This agreesthlHindings of Vasilyeva et al., (1996); Vasilgest al., (2003) and
Pizzulet al., (2007).

Finally, the 3D response surface plots of theatftd interaction between activated carbon and R&K€hown in
Figurell(a). This plot indicates that both actidatarbon and PKO had positive mutual impact onktioelegradation
process. At a fixed dose of organic fertilizer dinge of 20 g and four weeks respectively, it waseskied that increase in
activated carbon and PKO yielded higher percentaglracene reduction and THUB count. The maximudugton in
percentage anthracene of 84.85% was obtained wiittated carbon dose of 30 g and PKO dose of 3biteva maximum
THUB count of 12.42x1%cfu/g was obtained as shown in Figures 11(b).

In all the doses amended, the percentage antleaednction and THUB count increased. It shouleahdied that
this increase cannot continue indiscriminately seawhen equilibrium is attained further additidnramendment will
lead to a decline in the percentage PAH reducti@h BHUB counts. Moreover, eutrophication and hatrafgal blooms
may occur due to excessive nutrient concentraiétHA, 1985; Atlas, 1995; Tamt al., 2009).

3.4 Factor Plot
The factor effect function plots shown on Figur2 () and 12 (b) for total anthracene reduction BHU

anthracene contaminated soil respectively were tsadsess the effect of each factor graphicatgse€ figures show the
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comparative effects of eaof the factors considered on bioremediatioanthraceneThe steeper the slope of the plot,
more profound the effect of the facttRavanipouret al., 2015)The slopes of time and CAC show that the respoi:
anthraceneemoval and also the response of THUB was senditithese factors and the slopes of the other ttaeters
for each of the responses confirm their possilkdyificant roles in the bioremediation proceAtagana(2004); Atagana
(2008); Beeslewt al. (2010); Liuet al., (2010) and Agarry and Jimoda, (2013) have agonted the strong influence
time on petroleum hydrocarbon degradation wCarmichael and Pfaender, 1997; Huanhgl., 2004; Zimmermargt al .,
(2004); Tang and Weber, (2006) avellendorkt al., 2010 have all reported the strong positive ¢ffé@ctivated carbo

on petroleum hydrocarbon removal.

It can be observettat each of the four variables used in the prestrmty has its individual effect anthracene
removal and THUB aant in the soil. It can be observed from the figutteat over the range —1 (2 wks) to +1 (6 wks) of
time and CAC -1 (10 g) to +1 (30 gaclanthracenelegradation and THUB count changed in a wide raHgevever, for
organic fertilizer and PKO, it did not change ogewide range. This indicates that keeping orgagitilizer and PKO a
the optimum levels, a change in time and CAC wileet the biorerediation process more profoundly. In this st
application of high level of CAC (30 g) for the higst remediation period of 6 wks «idered in run 12 resulted in
88.76% removal ofinthracene and 18. 10° cfu/lg THUB count compared to low level of CACO g) for the lowest
remediation period of 2 wks conside in run 17 which resulted in 64.43% removahothracene and ¢ 10° cfu/g THUB
count. Vasilyevaet al. (2001) in their work have also shown the potentifilactivated carbon to decrease z-
trinitritoluene toxicity and accelerate soil decontaation with the positive effect of activated carbimecoming mor

pronounced with time.
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Figure 12 Perturbation Plot for (a) Total Anthracene Reduction and (b) THUB

3.5. Optimization and Validation

A multi objective numerical optimization technigbased on desirability function was carried out ébedmine

the workable optimum conditions for antrene bioremediation process. In order to provide idenl case fo
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biodegradation, the goal for time, organic fertiizPKO and CAC was set in range based upon thdresoents of
anthracene biodegradation, percentage anthracenwatand THUB count were set to maximum. The mtedi optimum
(uncoded) values of time, organic fertilizer, PK@JaCAC were correspondingly found to be 5 weekdags, 25.87 g,
29.63 g and 29.83 g to achieve 91.04% and 19.57&fllg maximum anthracene reduction and THUB coumt i

anthracene contaminated soil respectively whiléraleiity was 1.000 for the experiments (Figure$.13

However, validation experiments were conducted étemmine the optimum anthtracene removal when the
amendment variables were set at the favorable optirtevels established above, through BBD and RStdndard
deviation and percentage error were investigatedsdtidation of the experiments. Errors betweendjmted and actual
values were calculated according to Equation 4.

actual value—predicted value
Error =

x100 ()

actual value

1.000

Desirakbility
esirability | oo

30.00

B: Organic fertilizer

10.00 2.00

Figure 13: Desirability Plot to Optimize the Biorenediation Process of Anthracene

In the optimized condition for the bioremediatiofi anthracene concentration of 200.19 mg/kg, 90.85%
anthracene reduction and 19.49%t6u/g THUB count in anthracene contaminated s@itenobtained, respectively. The
percentage error between the predicted and actllaés were found to be 0.4 for both percentageraceine reduction
and THUB count in anthracene contaminated soil. fdsults indicate that no significant differencesrevobserved

between the predicted values and the actual values.
4.CONCLUSIONS

In this study, the effect of four factors (timeganic fertilizer, palm kernel oil and commerciatigated carbon)
on the bioremediation of anthracene in contaminatéidwas established employing the Box Behnkemgtesmbedded in
RSM using Design Expert software (Version 6.0.8)aklsis of variance resulted in high coefficientdetermination, R
values of 0.9818 and 0.9866 for total anthracemsovel and THUB count respectively thus ensuringatistactory
adjustment of the second order regression modélthé experimental data. Under the optimized canditof 5 weeks, 6
days, 25.87 g, 29.63 g and 29.83 g of time, orgéanitilizer, PKO and commercial activated carbospestively, the

optimal experimental yield of 90.85% anthracenaiotion and 19.49xT0cfu/g THUB count in anthracene contaminated
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soilobtained agreed closely to the model predigtefdi 0f91.04% and 19.57x16fu/g. This study clearly shows that RSM

is a reliable and powerful tool for modeling andiayzation of PAH bioremediation processes. Ald® tesults indicate

that biostimulation of PAH contaminated soil resnlshe enhancement of PAH degradation.
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