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ABSTRACT

The effect of pH on the ability of sodium phosphate (NasPO,) in degrading polycyclic aromatic hydrocarbons
(PAHS) in contaminated soil was studied. Results obtained from Gas Chromatography/Mass Spectroscopy (GC/MS)
analyses indicated that 23% of 2-methylnaphthalene was degraded as the overall highest polycyclic aromatic
hydrocarbon at pH 2.0 using 2 g NazPO,4, while acenaphthene (1.7%) was the least overall degraded polycyclic
aromatic hydrocarbon at pH 2.0 using 4 g NasPO, powder. An increase in PAHs degraded trend was observed
using 4 g NasPO, as the pH was increased from 2.0 to 4.0.
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INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHs) consisfusied aromatic rings and do not contain heterecatmntarry
substituents [1]. PAHs contamination in soil sedinis a serious environmental issue due to its hagticity,

carcinogenicity, mutagenicity, and tetratogeniqy. As pollutants, they are of concern because esaithese
components are lipophylic; they mix more easilyhwgil. PAHs occur naturally in bituminous fossilefa such as
coal and crude oil deposits and in soil. Their sesrcould be pyrogenic, petrogenic or anthropogdhjcogenic
PAHs are suggested to be partially occluded ingbet matrix during in complete combustion proceqd8s
Petrogenic sources are generated from petroleumupt® such as crankcase oil from vehicles, lukrigabil,

asphalt as well as crude oil [4], while anthropagesources include road traffic, combustion of fiofisels and

forest fires [3]. Certain physical properties agaiast PAHs utilization or degradation. These progg include;
their low aqueous solubility and high solid watéstidbution ratios [5]. Circumstances such as; eneg of low
molecular weight PAHs species, relatively recerlypglic aromatic hydrocarbon (PAH) emission or deition,

moderate soil pH, presence of appropriate PAH diggabacteria, and plants to facilitate decompositdy virtue
of large root surface area or uptake affinity, uefice the probability and rate of PAH degradation.

Evaluation of PAHs degradation in the environmentary difficult. PAHs fate under anaerobic coraiis depends
not only on substrate interactions and compositomicrobial population but also on pH and redorditions [6].

A study to evaluate PAHs removal during co-fermtateof sewage sludge and organic fraction of mipaicsolid
waste under nitrate and sulphate reducing conditierealed that redox conditions had effect on Pfdtiss [2].
Some authors have noted stimulation of PAHs degiadaate under sulphate reducing conditions coegbdo
methane digestion [7], while others have not ole@significant PAHs concentration decrease in thérenment
[8]. Ambrosoli et al. [9] suggested that under denitrifying conditioR#&Hs could be biodegraded both through
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fermentative and respiratory metabolism. Howeuenas been demonstrated that compared to aerobredhion,
PAHs removal in anaerobic environment is consideoeile slower [10]. A recent study on aerobic ddgtian of
PAHSs in municipal and petrochemical active sludgessess the potential for bio-treating PAHs intaminated
sludge has revealed the order of degradation natemunicipal sludge under anaerobic condition to be
phenanthrene>pyrene>anthracene>fluorene>acenaghthesile in petrochemical sludge, the order was
acenaphthene>fluorine>phenanthrene>anthracene>ptewas noted by the study that no significaffitedences
were found in PAHs degradation rates within a phiyeaof 6.0-8.0, but a delay in PAHs degradation m@ed at
pH 9.0 in both sludge types [11]. Another studyyertheless, has shown that as a chemical oxidamttoR’s
reagent has observed efficacy in destroying of PAels naphthalene, fluorene, phenanthrene, arghegqyrene,
chrysene, and benzo(a)pyrene) in model soil sanfp&sTitania thin film annular photocatalytic i@ars have also
been used successfully to degrade PAHs in dilutemstreams [13]. However, a follow-up study by Gdat al.
[6] to investigate the anaerobic degradation paaemtf PAHS in river sediments taken from siteslafig-term
pollution revealed that when mixtures of soil, rigediments and PAHs (individual or combined) wameended
with nutrients and batch incubated, a high-to-losgrdation rate for mixture soil types was obsenvedfaster
individual PAHs degradation rates were also obskmesultures containing a mixture of PAH substsatempared
to the presence of a single substrate. The addifiehectron donors such as acetate, lactate, guygte have been
shown to enhance PAHs degradation under metharogeni sulphate-reducing conditions [7]. Rotherméthl.
[14] also demonstrated thafC) labeled PAHs could be oxidized tG0,) in anoxic, PAH-contaminated marine
harbor sediments in which sulphate-reduction is tim@ninal electron accepting process. These studas
demonstrated for the first time that degradatiorabgerobic microorganisms can significantly imgaesitu pools
of PAHs in petroleum-contaminated anoxic, sulphathicing harbor sediments.

Depending on the environmental compartment in wbigfanic compounds are present (e.g., soil) thayucaergo
slow changes resulting from different chemical midgical processes. Phosphate has been documenésthance
degradation pathways of organic pollutants [15]e Biodegradation of PAHs has been observed underaesobic
and anaerobic conditions and the rate of degradatiso has been shown to be enhanced by physiesiichl
pretreatment of contaminated soils using phospHa6s Effect of additional carbon source, inorganitrogen (N)
and phosphorus (P), temperature variations on PAeéfyradation have been investigated by several esitho
including Leyset al. [17] and Xiangchuret al. [18]. In this regard, certain microorganisms haeen reported to
promote degradation of PAHs especially when phosghis added as fertilizer to the soil [19]. Inther studies,
Johnson and Scow [20], noted that addition of N Brid soil can help to evaluate the response ofiqatitbrene
degradation. The present study, however, notessthdies relating to the time and conditions gif@nPAHSs in
soil to degrade under different conditions of ptd ather salts are rare.

The purpose of this study was to investigate tliecefof pH in evaluating phosphate-dependent degiaa of
PAHSs in contaminated soil leachate.

MATERIALS AND METHODS

The soil sample used in this experiment was obthfrem the commercial bus park of the Federal Ursitg of
Technology, Owerri, Nigeria. Soil pre-treatmentlirte sieving to select particle size of 10 mm aindided for 48
hrs [21]. Obtaining this particle size is importanot facilitate contact between soil and contaminasitwell as
organic solvent used for extraction. The soil s&awphs dried in an autoclave (Ac 064) for 30 mingG&°C. About
5 kg of the dried soil sample was placed into a_28astic bucket previously washed and rinsed wi#ionised
water. About 500 g of the dried soil sample was alsparately weighed and placed in a 1 L beakes. 3ample in
the 1 L beaker was used for the control experiment.

About 5 L of waste automobile engine oil was pouirgd the soil sample in the 25 L plastic buckéthas been
previously reported that waste automobile engiheaitain 2-6 ring PAH compounds [22],[23]. The moite was
triturated for 10 mins and 5 L of n-hexane solutwas added to the triturated mixture and furthieunrtion was
performed for another 10 mins. About 10 L of dietl water was then added to the mixture and théeobrwas
stirred for a further 10 mins and allowed to stdad?2 hrs. The supernatant was decanted and filtéreough
Whatman No. 42 filter papers. About 9 L of therfite was recovered to serve as the stock solution.

To 100 ml of the stock solution in a 250 ml beakess added 2 g of NRO, powder. The mixture was stirred for 2
mins and the pH of the mixture was adjusted tougidg 1 M NaOH/HCI as appropriate and filtered. Tilteate
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was then transferred into a 500 ml separatory fuand 500 ml of n-hexane solution was further addBuke
mixture was shaken for 2 mins with periodic ventingelease excess pressure. The organic layeallaged to
separate from the water phase and collected thraufgimnel containing solvent-moistened filter papentaining
anhydrous sodium sulphate into a 1 L Erlenmeyeakflahe solvent was evaporated on a water bath@GtQto 10
ml and concentrated with a stream of nitrogen gasml.

PAHs concentration in the extract was determineishgu$sas Chromatography/Mass Spectroscopy (GC/MS),
Shimadzu QP2010 GCMS, Japan, at flow rate 1.18 imkwith a helium carrier gas, column oven tempeaeatuas
ramped at 80 to 28T at 5°C/min with 5 min holding time, then to 360 at 10°C/min with 10 min holding time.
HP5MS column (30m x 0.28n x 0.25 mm ID) was used. Three replicate samgatinents were processed and
mean PAHs concentration was obtained.

The above procedure was repeated at pH 4.0. Howineeprocedure was also repeated at pH 2.0 andsihg 2 g
and 4 g NgPO,.

The control sample was also processed as in aligote 2.0 without addition of N&Oy.

Physicochemical characteristics of the soil substracluded the following tests; pH, organic mattesice elements,
temperature, bulk density, and soil texture. Anedysf physicochemical properties were performedmaiog to
methods described in USAID [24]. The values arexshim Table 2.

Statistical analysis
Data are given as arithmetic mean and standaraitil@vi TheF-test was used to estimate significant differemce i
mean PAHs concentration between pH levels.

RESULTS AND DISCUSSION

Table 1 show values of priority of PAHs in ug/g of soil eatt at pH 2.0 and 4.0 using 2 and 4 gia,. It was
observed that 23% of 2-methylnaphthalene was treafivdegraded PAH at pH 2.0 using 2 gsR@,. However,
0.3% of acenapthrene was degraded as the leastaPfAH 4.0 using 2 g of NRQ,. It was also noted that except
for naphthalene and 2-methylnaphthalene, there ama@crease trend in PAHs degradation in acenafgray
acenaphthrene, fluorine, phenanthrene, anthrafleneanthene and pyrene as the pH was exceededZrorno 4.0
using 2 g NgPQO,. Moreover, using 4 g NRG,, it was observed that 9.3% phenanthrene was dedrad the
highest PAH at pH 4.0, while acenaphthrene (2.0%$ the least degraded PAH at same pH level. Nestegth,
1.7% acenaphthrene was the least PAH degraded & (qHvhile phenanthrene (6.7%) was the highestadiegl
PAH at pH 2.0. An increase in trend of PAHs degtiadawas also noted using 4 g JR&, for all nine PAHs
examined as the pH was increases from 2.0 to 410otAble fact was established with naphthaleneZangthyl
naphthalene degradation when;R@, mass was increased from 2 to 4 g. In this regardpH 2.0, naphthalene
degradation reduced four-fold asJR&®, mass was increased from 2 to 4 g a fact that eplicated with 2-methyl
naphthalene. However, for pH 4.0, as;R@, mass was increased from 2 to 4 g, naphthalene2amethyl
naphthalene degradation double. Neverthel€able 1 also showF-test values at pH 2.0 and 4.0 for 2 and 4 g
NagPQ;. In accordance with tabulated values, it was fodimat there was no significant difference in PAHs
degradation between the two pH levels for bothPCa mass since these values were tested at 8 andr8edefy
freedom and P < 0.05.

The increasing rate of population, agriculturalrng, industrialization, burning of fossil fuelscehas significantly
contributed to extensive soil contamination over plast decades. Different measures have beenitakaproving
the fertility of these contaminated soils. Amonggslb measures include; soil washing, incineratibeyntal
desorption and landfilling [25]. However, variougianic contaminant, primarily petroleum hydrocargcromatic
hydrocarbons, PAHs, chloroaromatics and nitroar@s&tc. are easily controlled by chemical treatim@otassium
permanganate, widely used in water treatment, bas bhown to have applicability in reducing PAHteomination

in groundwater and soils when the substance wassiigated under the influence of two factors (weigttio
KMnO4PAH and reaction time). Three factorial designsemgerformed and batch experiments were run toystud
the degradation of phenanthrene and pyrene on spiked with the contaminant at different conceitres. The
study revealed that treatment with potassium pegawaate significantly reduced PAH concentration, fyrene
was more recalcitrant than phenanthrene [26]. Féstoeagent has also been shown to oxidize organic
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contaminants. Certain operating parameters suclpHs reaction time, UV irradiation, hydrogen peraxid
concentration and Fe (II) amendment were invesifgor their effect on process efficiency for shighly
contaminated by PAHs. For phenanthrene, it wasrtegdhat oxidation done with soil contaminated@@® mg/kg
was reduced to about 40 mg/kg of the contaminaimguSenton’s reagent. The most important factopoesible
for this degradation was the reaction time, folldwat a certain distance by UV irradiation, Fe (H}O,
concentration and pH. The study further revealedf#asibility of photo-Fenton-like oxidation forethreatment of
soil highly contaminated with PAHs and the relatingortance of the process variables [27]. Anotinethod of
chemical treatment to degrade PAH is a combinaifcemaerobic digestion and ozonation investigatetfbrtinez
et al. [28]. It was demonstrated that ozonation of anaierdly digested sludge improved the PAH removéd tay
about 61%. An additional enhancement (up to 81%PAH removal rate was obtained by addition of hgem
peroxide during ozonation. It was also reported tligh degradation rate of PAH was obtained whetfiastant
were added to the combination of anaerobic digestiod ozonation. It has been documented that rserar
disagree markedly on the effect of pH and redoxdit@om on PAHs degradation [2].

Table 1: Values of PAHSs in pg/g of soil leachate gy 2 and 4 g NgPO, at pH 2.0 and 4.0

2 g NaPQ, 4 g NaPQ,
PAHs pH 2.0" oH 4.07 pH 2.07 pH 4,67 Control
Mean (1g/g) £ SD| Mean (ug/g) + SD  Mean (ug/g) + SMean (ug/g) + SD| Mean (pg/g) + SD
Naphthalene 30.123+0.5 23.121+0.3 6.774 +0.0 0.2a8 +0.1 143.9+0.1
2-methy naphthalen 22.343 £ 0. 21.316 + 0. 5.629 + 0. 8.571 +0.. 96.41+1.
Acenaphthylen 0.286 + 0. 0.291+0.. 0.255+0.! 0.324 +0.. 12.98 + 1.
Acenaphthrene 0.204 + 0.1 0.283+1.1 0.185+ 0.1 0.215 +0.1 10.66 +0.1
Fluorene 0397+ 1.1 0423+1.2 0.308 +0.3 0.4123 6.937 +0.3
Phenanthrene 0.883+ 0.3 0.967+0.1 0.399 + 0.7 .558% 0.2 5.993+1.1
Anthracene 0.111+ 0.2 0.102+05 0.166 +0.2 84H1.1 6.728+1.4
Fluoranthren 0.156 + 0. 0.143 £ 0. 0.188 + 0. 0.202+1.( 3.625+ 1.
Pyrene 0.195+ 0.1 0.230+0.1 0.189+0.3 0.210+1 4.921+0.6
F-test i and ii = 1.80; iii and iv = 3.30

Table 2: Physicochemical characteristics of soil saple

SIN Parameters Values
1 | pH 5.91
2 Organic matter (%) 0.55
3 | M@ (mg/100g) 19.17
4 | K* (mg/100g) 0.07
5 | C& mg/100Q) 17.06
6 | Temperature®C) 29.C
7 | Bulk density (g/cr®) | 1.5C
8 Soil texture (mm) 10

CONCLUSION

There was no statistical significant differenceéPiiHs degradation between the two pH levels (2.04a0) as well
as for both NgPO, mass. The present study has highlighted the faat piHl affect the mechanism of redox
conditions when PAHs degradation is desired. Thdystvould also encourage more research in otherctsgsuch
as reaction time and redox chemicals) relatincheoibfluence of pH on redox potential’s degradatidriPAHSs in
contamination system.
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