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ABSTRACT

Contamination of the environment by petroleum prtslisuch as polycyclic aromatic hydrocarbons (PAKS)
inevitable due to oil production, transportationdadistribution activities. The potentials of acted carbon as a
bioremediation alternative for soils contaminatathypyrene which is a PAH was studied. The ratbioflegradation of
pyrene was studied for a period of 28 days undmurktory condition. The result of the microbial ntsifor soils spiked
with 200 mg/kg pyrene was a total heterotrophictéxde (THB) count in soil amended with commerciefiated carbon
ranging from 2.97+0.22 to 7.030.24 x*10FU/g. Unamended control soil had THB count raggimm 1.54+0.12 to
1.70+0.18 x 16 CFU/g while THB count in unamended autoclaved mdrsoil ranged from 1.15+0.02 to 1.21+0.01 ¥ 10
CFU/g. The count of total hydrocarbon-utilizing teéa (THUB) in activated carbon amended soil rahffjem 1.70+
0.11 to 5.10+0.18 x PACFU/g while unamended control soil had THUB ragdimm 7.10+0.12 to 7.90+0.14 x4GFU/g
and THUB count in unamended autoclaved control sailged from 5.50+0.01 x 1o 5.80+0.04 x 1b CFU/g.
The percentage pyrene removal in activated carb@nded soil was 62.2%, the percentage pyrene rdrmvaamended
control soil was 7.70% while the percentage pyrermaoval in unamended autoclaved control soil w&9%. after 28
days. Evaluation of the first order kinetic modesulted in biodegradation rate constant of 0.196 @ad half-life of 3.54
days for activated carbon amendment of 30 g af#@&rdays of treatment while unamended control reduite
biodegradation rate constant of 0.012 Hand half-life of 57.76 days and unamended autedasontrol resulted in
biodegradation rate constant of 0.001 Haand half-life of 69.31 days. The results suggéstt tactivated carbon

supplementation would be effective in the remediatf pyrene polluted soils.
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INTRODUCTION

Soil contamination as a result of natural and ambgenic activities is a serious health and enviremtal issue.
Vast amount of financial and human resources arglokevoted to the mitigation and cleanup of sumhcntamination.
One of the major contaminants of soil is Polycy@romatic Hydrocarbons (PAHSs) according to letal. (2009); Ghaly,
et al.(2013). PAHs are organic compounds that consigtvof or more fused rings of benzene (aromatic rihg} are
arranged in various structural configurations. Bptjic Aromatic Hydrocarbons are highly hydropholsind this has
resulted in their large concentration in the enwinent. They are also characterized by their ragistao natural
degradation and their toxic, carcinogenic, mutageand teratogenic properties (Irwiet al., 1997), therefore,

their removal from the environment without introdyt secondary contamination is highly imperative
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(European Commission, 2002).

Polycyclic Aromatic Hydrocarbons are generally aotuced into the environment through two major means
naturally or artificially by human activities. Iin¢ natural way, PAHs occur in fossil fuels suclcaal, petroleum and
natural processes like volcanic eruption and cddadion and forest fires but are formed majorly imgomplete
combustion of organic materials like coal, woodjde oil, and vegetation (WHO, 2000). Accidentallage, misguided
disposal of petroleum, intensive combustion of fdsgls, coal, wood preserving products and leasafgom underground

tanks are examples of human activities that intced®AHs into the environment (Dykeal., 2003).

Pyrene is one of the sixteen priority pollutant PBAth the US EPA list. It consists of four fusedzmare rings and it is one
of the common mutagenic PAHs present in variousrenments (Liuet al., 2011, Choiet al., 2014). The chemical
formula is GgH1g, This colorless solid is the smallest peri-fused PlaRle where the rings are fused through more timan o
face). Like most PAHSs, pyrene is used to make dptestics and pesticides. It has also been usedhte another PAH
called benzo (a) pyrene (Faust, 1991). Pyrendéssed by incomplete combustion processes origigditom industries,
domestic sources including cigarette smoke and mabicle exhaust as well as natural events sudorast fires and
volcanic eruptions (Osagie and Owabor, 2015). Expo#o pyrene can occur by eating foods grown imaminated soil
or by eating meat or other food that is grilledillidg and charring food actually increases the antoof PAHSs in the
food. Exposure to pyrene can also occur by eatingked fish or meats. Pyrene has been been detacteshl tar,
so working at a business that makes or uses aoabtéd also lead to exposure to pyrene and otAetsRATSDR, 1990).

Bioremediation is the application of biodegradationdecrease pollutant concentrations (Olsbml., 2003).
The process relies upon microbial enzymatic addisito transform or degrade the contaminants froenenvironment
(Philips et al., 2005). However, lack of sufficient carbon and rerti sources to sustain the growth of biodegrading
microorganisms may affect bioremediation successokOma and Dickson, 2003; Onuehal., 2014). Nutrient and
carbon additions can enhance microbial activitigsctv may promote cometabolism (Ward and Singh, P00ds is
biostimulation. In most soil bioremediation studig®rganic chemical fertilizers have been widebgd as biostimulating
agent, however, it is relatively costly as wellnas sufficient for agriculture due to high demaled,alone for cleaning oil
spills (Agarnet al., 2010; Danjum& al., 2012; Agarry and Jimoda, 2013). Therefore, tharch for cheaper and
environmentally friendly options of enhancing pé&tton hydrocarbon degradation through biostimulatias been the
focus of research in recent times (Agatrgl., 2010; Danjumet al., 2012; Nyankanga al., 2012). One of such option is
the use of activated carbon which may help overctradoxicity of organicpollutants to microbes guldnts during soil
bioremediation (Vasilyeva, 2006). A few researclhersh as Kinet al. (2003); Vasilyevet al. (2006); Hilber and Bucheli
(2010) and Agarrst al. (2013) have investigated the potential use afvatetd carbon derived from different sources as
biostimulating agents in the clean-up of soil comtated with petroleum hydrocarbons and were fawnshow positive
influence on petroleum hydrocarbon biodegradatioa polluted environment. Nevertheless, the sefinchost effective
and environmentally friendly methods of enhancietygleum hydrocarbon biodegradation in soil stdeds to be further

investigated.

MATERIALS AND METHODS

Collection of Samples

The soil sample used for the study was collectedhfihe top surface soil (0 — 15cm) of the Teaching Reseach
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farm of LadokeAkintola university of Technology (LAECH), Ogbomoso, Nigeria. The soil samples weredaid,
homogenized, passed through a 2 mm (pore sized sied stored in a polyethylene bag and kept inaheratory prior to
use. The pyrene (manufactured by Sigma-Aldrichl.&tis, MO, USA) was of analytical grade.

Characterization of Soil Sample

The soil sample was characterized for total caf@@C), total nitrogen (N), total phosphorus, maistaontent,
and pH according to standard methods. Total nittogas determined by kjedahl digestion and steamilati|on method
of Bremner and Mulvaney, (1982). Available phospisowvas determined through the method used by QisérfSommers
(1982). Available potassium was determined usirgg ftame photometer (Chapman and Pratt, 1978). Abksl micro
nutrientswere determined by the DTPA (diethyleastinepentaacetic acid) micronutrient extractionhodt developed
by Lindsayet al.(1978), Total Heterotrophic Bacteria (THB) and Taigdrogen Utilizing Bacteria (THUB) present in the
soil were determined according to the methods obkndha and Okpokwasili (1993); Odokuma and lbor @00
Amanchukwet al.(1989) and Millset al. (1978). The pH was determined according to théifieel method of McLean
(1982); total organic carbon was determined byrtoslified wet combustion method (Nelson and SommE982) and
moisture content was determined by the dry weigbthod. The physicochemical characterized paramaterpresented
in Table 1.

Table 1: Soil Sample and Activated Carbon Physico@mical and Microbiological Analysis

Parameter Soil

pH 6.840.1
Organic Carbon (%) 1.15+0.02
Total Nitrogen %) 0.75£0.02
Phosphorus (%) 0.06+0.01
Potassium (%) 0.09+0.01
Moisture Content (%) 10.41+0.2
Residual Pyrene (mg/kg) 0.25+0.02
Sand (%) 14.2+0.2
Silt (%) 78.2+0.2
Clay (%) 7.640.2
THUB 0.68 x 16+0.2
THB 14.8 x 16+0.1

Data presented are means of triplicate determinatio +standard deviation.
Preparation of Contaminated Soil

200 mg of pyrene was dissolved in 50 ml of ethed added to 1 kg of soil present in a plastic bucket
After capping for 24 h, the cap was opened and@edpd for 24 h in a hood. The final concentratibthe soil was then
200.25 mg /kg, which is in the concentration rafagend in contaminated sites (Zemasedd., 1997; Fungt al., 2010).

Biodegradation Experiments

One kilogram (1kg) of soil contaminated with 200 onfgpyrene was put into reactors labeled Al to\Adrying
guantities of activated carbon (10, 15, 20, 25 8Adg) were added to the contaminated soil as shiowhables 2.
The moisture content was adjusted to 50% waterimgldapacity by the addition of sterile distillecter and incubated at
room temperature (28+2°C). The content of reactas Wiled twice a week for aeration and the mogstcontent was

maintained at 50% water holding capacity. The soileactors A6 and A7 served as the controls. Tileirs reactor A6
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had no amendment while the soil in reactor A7 waieaaved at 12°C for 30 min before contamination with pyrene.
The set-up is represented in Table 2. The expetimwas set up in triplicate. In total, 21 microcosmsre settled and
incubated for 28 days. Periodic sampling from eeafitainer was carried out at 7 day intervals fodags to determine

the THB count, THUB count and percentage pyrenaatoh respectively.

Table 2: Activated Carbon Amendment in Different Sa Microcosms

Reactor Number Activated carbon Treatment

Al 1 kg of soil + 200 mg of pyrene + 10 g of actadcarbon
A2 1 kg of soil + 200 mg of pyrene + 15 g of actadcarbon
A3 1 kg of soil + 200 mg of pyrene + 20 g of actadcarbon
A4 1 kg of soil + 200 mg of pyrene + 25 g of actadcarbon
A5 1 kg of soil + 200 mg of pyrene + 30 g of actadcarbon
A6 (Control 1) 1 kg of soil + 200 mg of pyrene

A7 (Control 2) 1 kg of autoclaved soil + 200 mgpyfene

Enumeration and Identification of Bacteria in Soil

Three replicate samples from the pyrene polluted were withdrawn prio to contamination and after
contamination at the stipulated days for enumemnatibtotal heterotrophic bacteria (THB) count. SHyi diluted samples
(0.1ml) of dilutions that produce colony countdetween 30- 300 colonies of soil suspension inlstemater formed from
1.0g of soil in 1L of sterile water on nutrient agdates using the spread plate technique (OdokamaaOkpokwasili,
1993; Odokuma and Ibor, 2002) were enumerated.eactolonies were enumerated after 48 h of in¢obait 30°C.
Total hydrocarbon utilizing bacteria (THUB) in theil samples were enumerated using modified mirsatlmedium of
Mills et al, (1978) 1.8g KHPQ,, 4.0g NHCI, 0.2g MgSQ.7H,0, 1.2g KHPQ,, 0.01g FeSp7H,0, 0.1g NacCl, 20g agar,
in 1000ml distilled water, pH 7.4). The vapour phasnsfer method (Amanchuketal., 1989) was used. A filter paper
saturated with pyrene was aseptically placed onriside of the inverted Petri dishes and the calplates were incubated
at (28+2°C) for 7 days (Odokuma and Okpokwasili93;90dokuma and Ibor, 2002). Plates yielding 3@ 8olonies
were enumerated. Colonies of different hydrocarhbthizing bacteria were randomly picked and pureldates were
obtained by repeated sub-culturing on nutrient .agle bacteria isolates were characterized usimgostopic techniques
and biochemical tests. The identities of the igdalvere determined by comparing their charactesistiith those of

known taxa as described by Bergey’s manual of detettive bacteriology (Buchanan and Gibbons, 1994).
Determination of Residual Pyrene in Soil Sample

Samples were taken before contamination and aftetamination at the stipulated days from each &f th
experimental runs. The residual pyrene contenthm pyrene polluted soil during the study period wa$ermined
gravimetrically by toluene cold extraction methddAalesodun and Mbagwu (2008). Soil samples (10 g)ewweighed
into 50 ml flask and 20ml of toluene was addedximaet the pyrene in the soil. After shaking for @i, the mixture was
allowed to stand for 10 min and it was then filteterough whatman Nol filter paper. The liquid pha$the extract was
measured at 420 nm absorbance using a spectropigio(iviodel 6100 PYE UNICAM Instrument England).€Tfyrene
content in the soil was estimated with referencstéamdard curve derived from fresh pyrene dilutét voluene. The total

pyrene content data obtained was fitted to thé dirder kinetic model of Yeuryal., (1997).

Y =ae™ 1)

Articles can be sent teeditor@impactjournals.us |




A Laboratory Study on the Enhanced Bioremediation & 5
Pyrene in Soil Using Activated Carbon

Where Y = residual PAH content in soil (mg/kg)

a = initial PAH content in soil (mg/kg)

k = biodegradation rate constant (dy

t = time (day)

The model estimated the biodegradation rate anfilifealof the PAH in soil relative to treatments mied.
Half-life was calculated from the model of Yewgl., 1997 as

In(2)

Half-life = —=
K )
The model was based on the assumption that thedi&tivn rate of hydrocarbons positively correlatéith the

hydrocarbon pool size in soil (Yeuetgl, 1997).
Bioremediation Kinetics

Kinetic analysis is a key factor for understandiigdegradation process, bioremediation speed measunt and
development of efficient clean up for a crude @h@minated environment. The information on theetios of soil
bioremediation is of great importance becausearatterizes the concentration of the contaminanaeing at any time
and permits prediction of the level likely to beegent at some future time. Biodegradability of erudl is usually
explained by first order kinetics (Padhal., 2006; Agarrgt al., 2010; Zahee al., 2011; Agarry and Jimoda, 2013) and
this is given in Equation 1. The biological hafkliis the time taken for a substance to lose hélft® amount.
Biodegradation half-lives are needed for many apgpilbns such as chemical screening (Aresoal., 2006),
environmental fate modeling (Sinkkonen and PaasiviR000) and describing the transformation of uahts
(Dimitrovet al., 2007; Matthieset al., 2008). Biodegradation half-life times t(‘/z) are calculated by Equation 2

(Yeunget al., 1997; Zaheet al., 2011; Agarrgt al., 2013; Onuohet al., 2014).

RESULTS AND DISCUSSIONS
Changes in THB Count

The changes in THB count for a period of 28 daysgusarious doses of activated carbon ranging betwid) g
and 30 g are shown in Figure 1. The THB count iased from 2.97xffu/g for 10 g dose of activated carboni.e soil
microcosm Al to 5.32xfefu/g for 30 g dose i.e. soil microcosm A5 at dayThus, THB increased with increasing
activated carbon dose. This is similar to the ckanig THB count observed at 14, 21 and 28 days thighvalues of
3.33x16 cfulg, 3.70x1bcfulg, 4.27x1bcfu/g for 10 g and 5.51xfefulg, 5.92x16cfulg, 7.03x16cfu/g for 30 g,
respectively. Whereas control A6 which consistcafitaminated soil with no activated carbon amendrsbowed an
increase from 1.54xf6fu/g at day 7 to 1.70xfafu/g at day 28 while control A7 which consists afntaminated
autoclaved soil with no activated carbon amendrskotved an increase from 1.15%dfd/g at day 7 to 1.21x%efu/g at
day 28.

The changes in THB with respect to time is simitathe changes in THB with respect to dosage rbsetivated

carbon as also shown in Figure 1 where it can Iserokd that THB also increased with time. At 10ogedof activated
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carbon, THB increased from 2.97Xifu/g at 7days to 4.27xi€fu/g at 28 days which is the same trend other gk

levels followed.
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Figure 1: Effect of Activated carbon (n THB Count in Pyrene Contaminated So

These results indicate thamendment with the activated carbon enhanced tlveobial growth rates in th
contaminated soil which accounted for the highesrahial counts observed in all the amended soitagicsms than th
unameded soil microcosms. This is due to due to the hydrophobic nature of activated carliterhigh specific surfac
(8,001,200 rfig) and microporous structure affordingit to beo-substrate that can play the role of alternate casouirce
and thus promote the proliferation and activitytled microbial community as reported by Wcet al. (2002); Leest al.
(2003); Hameed (2009); Lladbal. (2009). Activated carbon also acts as mass gargfent between the liquid phase
the soil and the solid matrix (Carmichael and P@een1997; Huanet al., 2004; Mellendor et al., 2010). Activated

carbon therefore serves diverse rotesail bioremediatiol
Changes in THUB Count

The effect of activated carbon amendments of 18 80tg for 28 days on THUB count in the contamidateil
microcosms is shown iRigure 2. The THUB count increased from0Ox1CPcfu/g for the minimum treatment of g (A1)
at 7 days to 3.30xP6fu/g for the maximum treatment of 30 g (A5) ataysl Thus, the THUB increased with increas
activated carbon dose. This same trend was alsengdss at 14, 21 and 28 days with THUB cts increasing from
2.1x10cfulg, 2.40x18cfu/g and 2.881C°cfu/g for 10g activated carbon treatment tox3®cfu/g, 4.30 x18cfu/g and
5.10x10cfu/g for 30g activated carbon treatment respeltiVEHUB count also increased with time shown in Figure 2
where it increased from 1.70Xbu/g at 7days and 10g activated cai treatment to 5.120.C°cfu/g at 28 days and 30 g
activated carbon treatment. Control A6 which cassif contaminated soil with no activated carboaréased fron
7.1x10cfulg at day 7 to 7.9xf@fu/g at day 28 while control A7 which consistscohtaminated autoclaved soil with

activated carboamendment increased from x10'cfu/g at day 7 to 5.8x£6fu/g at day 28.

The graph indicates that the THUB counts in all tostaminated soils increased with increasing leofe
activated carbon amendment and also with time bdtferent rates and at a higher rate comparetthéocontrols whict
do not contain any amendmeiithis meant that the indigenous hydrocarbon utifizbacteria were able to utilize t
activated carbon as a nutrient source as discusgdbd changes in THB previously. This is in agreatwith the finding:
of Zimmermanet al. (2004); Tang and Webe¢(2006); Agarry and Jimoda (2013) who all reportéghbr increase il
activity in the hydrocarbon degraders using actitatarbon amendment in petroleum hydrocarbon conéded sample

studied compared to unamended samples. The indredfse THUB councan also be attributed to the fact that use of
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activated carbon may help overcome the toxicitgrgfanic pollutants to microbes and plants duririglsoremediation a:
reported by Vasilyeat al. (2006).
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Figure 2: Effect of Activated Carbon cn THUB Count in Pyrene Contaminated So
Changes inPercentage Pyrene Reductic

The change in percentage pyrene concentrationeircéintaminated soil for a period of 28 days usictivated
carbon (1080 g) as the nutrient amendment is shown in Fid. The gaph indicates that the extent of degrada
increased with respect to increase in the amendiagat and also with time. mending with 10 g of activated carb
(A1) yielded a percentage reduction of 37.20% aftedays and amending with 30 g activaterbon (A5) yield a
percentage reduction of 42.20% after 7 days res@dygt This indicates clearly that percentage pgresduction increase
with the level or dosage of activated carbon amesmdnit can also be observed from Figure 3 thaip#reentagpyrene
reduction increased with time where 10 g activatacbon amendment gave 42% reduction after 7 dagis5aB%
reduction after 28 days. Also, amending with 3@ gaiivated carbon increased the percentage pyeshetion from 45%
after 7 days to 620% after 28 days. Control A6 which consists aftaminated soil with no activated carl resulted in
5.20%, 6.4%, 7.0% and Bdpercentage concentration reduction after 7, 14 28 days respectively while control
which consists of contaminateditaclaved soil with no activated cart yielded 0.07%, 1.40%, 1.80% and 2%

percentage concentration reduction after 7, 14128 days respectivel

70 7

60

50 1 mAl
mA2
40
A3

30 4 mA4

% Pyrene Reduction

mAS
20 1 A6

10 4 A7

Days

Figure 3: Effect of Activated Carbon on % Reduction of Pyren
These results indicate that the percentage redisctioall the contaminated soils increased withlidasing leve

of activated carbon amendment and also with timth whe amendment of 30 g after 28 days yielding highest
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percentage reduction of 62.2%. It was also evittetttis study that there was a marked relationbleigveen the THB and
THUB counts on one hand and the percentage PAHertration reduction on the other hand. The higherTHB or
THUB count, the higher the degree of degradatiades in the percentage reduction. Previous studie® also shown
the percentage degradation of petroleum hydrocariimreasing with increase in dosage level of tttevated carbon.
Vasilyevaet al. (2001); Vasilyevet al. (2002) and Xat al. (2011), reported that the percentage degradafi@n6-DCP in
soil increased with the increase in the activatath@n dosage. This can be attributed to the beakfidfect of the

activated carbon on the soil matrix as a resuihafease in dosage.

Workers such as Kirat al. (2003); Murilloet al. (2004); Moharet al. (2007); Ademiluyét al. (2009); Cacet al.
(2009) and Uchimiyaet al. (2010) have also reported beneficial effects divated carbon during soil bioremediation.
This is because nutrient leaching can also be estlilny activated carbon application to soil (Lehmahml., 2003;
Major et al., 2009; Novalet al., 2009; Singtet al., 2010). Further potential benefits of adding attdacarbon to soil have
also been reported, these include the adsorptiatissblved organic carbon, increases in soil pH leeyl soil macro-

elements, and reductions in trace metals in leash@ietikaineet al., 2000; Novalet al., 2009).

Unlike other soil amendments, activated carbon éweitg in soil reduces the possibility of heavy nheta
accumulation associated with repeated applicatadnsther amendments (Lehmann and Joseph, 2009) asicewage
sludge. Activated carbon has also been shown te hawery high affinity and capacity for sorbing amgc compounds
(Cornelissen and Gustafsson, 2005; Lohmahal., 2005; Oeet al., 2006 and Branddt al., 2008). Therefore, activated
carbon amendment has proven to be a promisingrofiiicthe reclamation of such contaminated sitdsonty for organic

but also for inorganic pollutants (Bes and Mend)&).

At the end of 28 days and activated carbon amentisfeBO g, pyrene concentration in the contaminaeitl
dropped from 200.17 mg/kg to 75.6 mg/kg. For cdnfrg for control Ms, pyrene concentration reduced to 184.8 mg/kg

and for control M, pyrene concentration became 194.5 mg/kg.
Biodegradation Rate Constant and Half-Life

The biodegradation of pyrene in the various treatsyeras evaluated using first—order kinetic modefeunget
al, (1997). Kinetic analysis is a key factor for urslanding biodegradation process, bioremediati@edpneasurement
and development of efficient clean up for a crudeontaminated environment. The information on Kieetics of soll
bioremediation is of great importance becausearatterizes the concentration of the contaminanaineing at any time
and permits prediction of the level likely to beegent at some future time. Biodegradability of eruwdl is usually
explained by first order kinetics (Padhal., 2006; Agarryet al., 2010; Zahedt al., 2011; Agarry and Jimoda, 2013) and
this is given in Equation 1. The biological hafeliis the time taken for a substance to lose hélfto amount.
Biodegradation half-lives are needed for many apgpilbns such as chemical screening (Aresoal., 2006),
environmental fate modeling (Sinkkonen and Paasivir000) and describing the transformation of uialts
(Dimitrov et al., 2007; Matthieset al., 2008). Biodegradation half-life times tﬁ/z) are calculated by Equation 2

(Yeunget al., 1997; Zahedtt al., 2011; Agarryet al., 2013; Onuohat al., 2014). Table 3 shows the biodegradation rate
constant (K) and half-life (t%2) for the differemeatments within the period of study. Data for aenpling periods were
combined before this model could be used.
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Table 3: Biodegradation Rate and Half-Life of Pyrerm in Polluted Soil

Reactor : Biodegradation Half-life

Number Activated Carbon Treatment C onsta?]t (k) day® | (t2 /2) day
Al 1 kg of soil + 200 mg of pyrene + 10 g of actedcarbon 0.114 6.08
A2 1 kg of soil + 200 mg of pyrene + 15 g of actedicarbon 0.130 5.33
A3 1 kg of soil + 200 mg of pyrene + 20 g of actedcarbon 0.140 4.95
A4 1 kg of soil + 200 mg of pyrene + 25 g of actedcarbon 0.168 4.13
A5 1 kg of soil + 200 mg of pyrene + 30 g of actedicarbon 0.196 3.54
A6 (Control 1) | 1 kg of soil + 200 mg of pyrene 201 57.76
A7 (Control 2) | 1 kg of autoclaved soil + 200 mgpyfene 0.010 69.31

It can be observed that the higher the biodegraatte constants, the faster is the rate of bi@disgion and
consequently the lower is the half-life times. duld be seen from Table 3 that among the soil m@sms amended with
10, 15, 20, 25, 30 g of activated carbon, the magrocosm amended with 30 g of activated carbon) (4 the highest
biodegradation rate constant k(0.196 day-1) andldlhest half-life time (t1/2=3.54 days). The biodegradation rate

constant (k) and half-life timet(l/z) for the unamended soil microcosms (A6 and A7)ensarrespondingly found to be

0.012 dayfand 57.76 days and 0.010 dagnd 69.31 days respectively. Thus, the biodegi@maate constants obtained
for the different pyrene contaminated soil micranesamended with activated carbon were higher adddveer half-life
times when compared with those of the unamendddngorocosms. Thus, the addition of activated carleohanced

pyrene reduction as the dosage of the activatdgtbodancreased.
CONCLUSIONS

This research was carried out to determine thengiateof activated carbon in enhancing biodegradtedf pyrene
in contaminated soil. The results obtained confitmt the use of activated carbon enhanced the ohtpyrene
biodegradation in contaminated soil microcosms. Bioglegradation rate constant obtained from thdigadjon of first
order kinetics described the rate of pyrene biogidation with and without activated carbon. The catestant (k) ranged
between 0.114 d&dwand 0.196 dayfor amended soil microcosms, for unamended saitaubsms, the biodegradation rate
(k) values obtained were 0.012 dagnd 0.010 da} Half-life times tl/z) of 57.76 days and 69.31 days were obtained for

biodegradation of pyrene in soil not amended witivated carbon (A6) and biodegradation of pyrenautoclaved soil
not amended with activated carbon (A7) respectivéhis was reduced to between 6.08 and 3.54 daisthe use of
activated carbon in the range 10 — 30 g after 2% daf treatment. The amendment of activated cartoonsoils

contaminated with pyrerne and other petroleum hgahtmons could be suitable in field due to its lawvgts and the low
environmental risk associated with volatile hydmbcan losses. The large increase in microbial pdjudn the amended
soils suggests that the supplementation with aetivaarbon may enhance degradation of petroleunnobscbon in

nutrient poor soils.
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