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ABSTRACT KEYWORDS
The potential of various organisms to metabolize organic compounds Pseudomonas aeuginosa;
has been observed to be a potentially effective means in disposing of Phenol;
hazardous and toxic wastes. Phenolic compounds have long been recog- Biodegradation;
nized as one of the most recalcitrant and persistent organic chemicalsin Kinetic mode;
the environment. The bioremediation potential of an indigenous Batch cultivation;
Pseudomonas aeruginosa was studied in batch culture using synthetic Bioreactor.

phenoal in water in the concentration range of (100-500)mg/L as amodel
limiting substrate. The effect of initial phenol concentration on the deg-
radation process was investigated. Phenol was completely degraded at
different cultivation timesfor the different initial phenol concentrations.
Increasing theinitial phenol concentration from 100mg/L to 500mg/L in-
creased thelag phase from 0 to 24hrsand correspondingly prolonged the
degradation processfrom 54hrsto 168hrs. There was decreasein biodeg-
radation rate as initial phenol concentration increased. Fitting datainto
three different kinetic models (Monod, Haldane, and Yano and Koga)
showed that the difference in fit between the models was very small and
thus statistically insignificant. Thus, the Yano and Kogamodel has been
used to interpret the free cell dataon phenol biodegradation. Thekinetic
parameters have been estimated up to initial phenol concentration of
500mg/L. Ther_  decreased, K_and K, increased with higher concentra-
tion of phenol. Ther__has been found to be a strong function of initial
phenol concentration. © 2007 Trade Sciencelnc. - INDIA


mailto:sam_enagarry@yahoo.co.uk

BTAI], 1(3) December 2007

S.E.Agarry et al. 95

——————y FULL PAPER

INTRODUCTION

Phenol anditsderivativesisthebasic structurd unit
inawidevariety of synthetic organic compounds®. It
isanorganic, aromatic compound that occursnaturaly
intheenvironment 2, but ismorecommonly produced
artificidly fromindustrial activities such aspetroleum
processing, plastic manufacturing, resin production, pes-
ticide production, stee manufacturing and the produc-
tion of paintsand varnish’®, Thisaromatic compound
iswater-solubleand highly mobile'® and assuch waste
watersgenerated fromtheseindustrid activitiescontain
high concentrations of phenolic compounds® which
eventually may reach down to streams, rivers, lakes,
and soil, which represent aseriousecol ogical problem
dueto their widespread use and occurrence through-
out theenvironment(*3,

Phenol isalisted priority pollutant by theU.S. En-
vironmenta Protection Agency*? andisconsidered to
be atoxic compound by the Agency for Toxic Sub-
stances and Disease Registry®. The adverseeffects of
phenol on health are well documented® and death
among adultshas been reported with ingestion of phe-
nol ranging from 1to 32g/%. Thelow volatility of phe-
nol and itsaffinity for water makeoral consumption of
contaminated water thegreatest risk to humang?.

A variety of techniqueshave been used for there-
moval of phenol fromindustrid effluentsand contami-
nated waters with bioremediation receiving the most
attention duetoitsenvironmentally friendly, its, ability
to completely mineraizetoxic organic compoundsand
of low-cost!**?, Microbid degradation of phenol have
been actively studied and these studieshave shown that
phenol can be aerobically degraded by widevariety of
fungi and bacteriaculturessuch asCandidatropicalis
(03132, Acinetobacter calcoaceticus?’; Alcaligenes
eutrophus*®?2; Pseudomonas putidal*¢2%2; and
Burkholderia cepacia G446,

A variety of kinetic substrate utilization andinhibi-
tion model s have been used to describe the dynamics
of microbial growth on phenol. Of these variousmod-
els, the Monod and Andrew (Haldane) equationshas
been extensively used to describe phenol biodegrada-
tion(®2630, The Monod and Andrew (Hal dane) equa-
tionsare based on the specific growth rate®3, but may
also berelated to the specific substrate consumption

ratel**38, Other kinetic models have been propagated.
Sokol ™! hasreported abetter fit for amodified Monod-
Hal dane equation while Schroeder et al.*4 have shown
abetter fit for Yano and K oga equation amongst the
tested inhibition models. Inspite of therather extensive
use of phenol biodegradation processes, surprisingly,
littlework hasbeen published on phenol microbid deg-
radation kinetics based on specific substrate consump-
tion rate using pure or mixed culture systems. The
present sudy investigated theeffect of initia phenol (sub-
strate) concentration on the degradation potentia of an
indigenous (local strains) Pseudomonas aer uginosa
isolated from an oil-polluted swampy areaof Warri in
niger-deltaregion of Nigeria

MATERIALSAND METHODS

Microor ganism

Themicroorganism Pseudomonas areuginosa be-
ing anindigenous strainisolated from an oil-polluted
areain niger-detaregion of Nigeriawasprocured from
the department of microbiology, Obafemi Awolowo
University, lle-ife, Nigeria The microorganism was
maintained on nutrient agar dant and stored at 4°C+1°C
for further use.

Culturemedium and inoculum prepar ation

Theminera salt medium used wasmodified from
the one suggested by Bettman and Rehm!”. The me-
dium had thefollowing composition per litre: 700ml
deionized water, 100ml buffer solutionA, 100ml trace
elementssolution B, 50ml solution C and 50ml solution
D.Compoasitionsof each solutionwereasfollows: Buffer
solution acomposition K, HPO, 1.0g, KH,PO, 0.5g,
(NH,),SO, 0.5g, deionized water 100ml. Trace ele-
ment solution B composition NaCl 0.5g, Cacl, 0.02g,
MnSO, 0.02g, CuSO,.5H,0 0.02g, H,BO, 0.01g,
deionized water 50ml. Solution C composition
MgS0,.7H,0 0.5g, deionized water S0ml, Solution D
composition FeSO, 0.02g, molybdenum powder 0.02g,
deionized water 50ml. To prevent the precipitation of
CaS0, and MgSO, in storage, the water, buffer solu-
tionA, traceelementssolution B, solution C and solu-
tion D wereautoclaved at 121°C for 15minutes. After
cooling, al the sol utionswere then mixed together and
kept asstock solution fromwhich known quantitieswere
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takenfor the cultivation of the microorganisms

A primary culturewasprepared by transferring two
loopsfull of microorganismsfroman agar dant culture
into 100ml of feed medium containing 20ml of minera
salt medium and 80ml of 50mg phenol solutionina
250ml Erlenmeyer conical flask. Thiswasthen incu-
bated in a NewBrunwick gyratory shaker (G25-R
model, N.J. U.S.A) for 48hrsat atemperature of 30°C
and agitated with aspeed of 120rpm. Thereafter, 10ml
of theprimary culturewastransferredinto another 100ml
of feed mediumin a250ml Erlenmeyer conical flask
and theincubation processwasrepeated. Thiswasthe
secondary culturethat wasused astheinoculum for the
degradation studiesasthis ensuresthat the organisms
had fully adapted to growth on the phenol assolesource
of carbon and energy.

Experimental design to study thefree suspended
cell system

The experimental studies were carried out in a
NewBrunswick Microferm Twin Bioreactor (PH-22
mode, N.J,, U.S.A) with4litresworking volume. 800ml
of theautoclaved minera salt medium and 3 litres of
phenol solution(100mg/l) were measured into the
bioreactor vessd and 200ml of theinoculumwasintro-
duced aseptically to make up 4litres of working vol-
ume. Thebioreactor was operated for severa hoursat
atemperature of 30°C, aeration rate of 3.0vvm and
agitation of 300rpm. Culture broth waswithdrawn at
every 6hrsfor biomassand phenol determination.

Estimation of phenol concentration

Theundegraded phenol wasestimated quantitetively
by the spectrophotometric method using 4-amino
antipyrene as colour indicator®” at an absorbance of
510nm.

Estimation of biomassconcentration

Thebiomassconcentration wasestimated using the
dry weight method. 50ml sampleof culture brothwas
withdrawn from the bioreactor and centrifuged
(Gllenkamp centrifuge) at 4000rpm for 20minutesin
plastic centrifugetubes. Thesupernatant was decanted
into small bottlesand stored a 4°C for subsequent phe-
nol estimation. The pdlletswasre-suspendedin de-ion-
ized water and re-centrifuged. The supernatant wasde-
canted and pelletsrinsed off from thetubeinto apre-
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weighed 1.2um porefilter pgper (Whatman GF/C). The
filter paper wasthen driedin an oven at 105°Cfor be-
tween 12-24hrs, cooled in adessicator at room tem-
peratureand re-weighed until aconstant dry weight was
obtained. Thedifference between the pre-weighed fil-
ter paper and the second weight was used to estimate
thedry weight of the biomass.

RESULTSAND DISCUSSION

Fvebatch cultivation experimentswere carried out
using phenol assinglelimiting substratefor Pseudomo-
nasaeruginosa. Different initid phenol concentrations
of 100mg/L to 500mg/L were used. Theextent of phe-
nol degradation usingthesedifferent initial phenol con-
centrationswasinvestigated for severa batch residence
timesby intermittent sampling.

Figure 1(a-e) showsthe biodegradation potential
of theindigenous P.aeruginosain degrading synthetic
phenol wastein the concentration rangeof 100mg/L to
500mg/L. Since the degradation proceeds with
bi omass(cell mass) growth, thefigurea so depictsthe
typical cell growth curve. The cell growth curve has
typica exponentia and stationary phaseswithincress-
ing lag phase. It could be seen fromfigure 1(a-€) that
thedifferentinitia phenol concentrationsranging from
(100-500) mg/L. werecompletely degraded (consumed)
at different residencetime of 54hr, 72hr, 96hr, 120hr,
168hr, and during these times the biomass correspond-
ingly increased to amaximum of 46mg/L, 125mg/L,
232mg/L, 280mg/L, and 385mg/L respectively. Nolag
phasewasobserved for initia phenol concentration of
100 and 200mg/L asshowninfigure 1(a-b). However,
for initial phenol concentration of (300, 400, and 500)
mg/L corresponding lag phase of 6hr, 12hr, and 24hr
was observed respectively asshowninfigure 1(c-e)
Moreover, as showninfigure 1(a-€) whichindicates
the comparison of thetime coursefor phenol substrate
consumption of al thefivebatches, itisevident that the
rate of degradation decreased withincreaseintheini-
tial phenol concentration. Bandyopadhyay et a .8 and
Ruiz-ordaz et al!* reported asimilar observation on
Pseudomonas putida and Candida tropicalisgrown
on phenol respectively. Thus, it isobserved that asthe
initid phenol concentration increasestheduration of the
lag phaseincreases and thereby prolonging the biodeg-

radationtimeasaresult of decreaseintherateof deg-
radation. Thisobservation issupported by the earlier
worksof Andrews?, Hill and Robinsonl*®, Collinsand
Daugulig'®, and Oboirien et d .12

Evaluation of biokinetic parameters

Batch phenol degradationwascarried out with free
suspended cdlsof indigenous P.aer uginosa under dif-
ferentinitial phenol concentrationsas stated above. In
thiswork, phenol well known asaninhibitory substrate
under different concentrations(100-500)mg/L wascom-
pletely degraded by the P.aeruginosa as shown in
figurel(a-€). According to Prpich and Daugulis?, the
rate of substrate consumption was suggested to bethe
most important measure of microbe performance. Zilli
et al.*gaveasimilar report. R atively very few data
existsintheliterature on this parameter. Most of the
dataavailable concerns specificgrowthrate. It wason
thisbasisthat the specific phenol (substrate) consump-
tion ratewas ca cul ated and pl otted agai nst phenol con-
centration asshowninfigure2. Asseenfromthisfigure
2, the specific phenol consumptionrate(r,) decreases
asthe phenol concentration (S) decreasesfor each of
thedifferent initia phenol concentrations. Therefore, it
seemsthat thereisa so aninfluenceof theinitia phenol
concentration on the specific phenol consumption rate.
Hinteregger et al.[* and Abd-El Hameidsha aby!® re-
ported asimilar observation.

According to Layokun et al.[?Y the growth of mi-
croorganisms corresponds to the degradation (con-
sumption) of the substrate. Hence, the growth of mi-
croorganismson phenol can be described by the most
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Figure2: Specific phenol consumption rateasafunction
of phenol concentration

s BioTechnology

=00

An Tudian Yourual



98 Microbial degradation of phenols by indigenous pseudomonas aeruginosa

BTAI], 1(3) December 2007

FULL PAPER

commonly used kinetic modelsthat can be based on
specific substrate consumption rate as proposed by
Posten®8 and which have been used by Zilli et a .[*%
and Schroder et a.*4. In thiswork, phenol was com-
pletely degraded and kinetic models of Monod?4,
HaldaneAndrews®, and Yano and Koga®® based on
specific substrate consumption rate werefitted to the
experimenta batch dataobtained for theindigenousP.
aeruginosa. Theclassical method of obtaining kinetic
parametergcongtants) istolinearizekineticmodds. Re-
cently, non-linear least squares computer fitting of data
to model equations has been used®!. The non-linear
least square fitting routine of Matlab 6.5 software
package(with trust-region dgorithm) wasused tofit the
kinetic mode sto thedifferent batch experimenta data.
Theparametersof Monod(K_andr__ ), Haldane (K,
Moee KK ), @ndYanoand Koga(K , r . K.) werefitted
totheexperimental cal cul ated specific phenol consump-
tion rate and the corresponding phenol concentration
under the constraint that r_never exceedsthe maximum
obtainablespecific consumptionrate(r, ) andthere-
sults are presented in TABLE 1. As seen from the
TABLE, thedifferencesinfit(based on the coefficient
of correlation, R?) between thethree different models
examined a thedifferentinitia phenol concentrationsis
very smdl and thusstatigtically indggnificant asindicated
by their SSE(sum of square errors) values. Yang and
Humphrey B madesmilar observaionswithAndrew’s
equation and two other modelsin describing phenol
degradation by Pseudomonas putida and Trichos-
poron cutaneum. However, it could be seenfromthe
TABLE that theinhibition constant(Ki) values seems
very large. Thereason for thismay be dueto thefact
that the phenol (substrate) wasnot in close proximity to
theinhibition constant. Hill and Robinson*d reported a
smilar observation. Since phenol hasbeen used widely
asamodéd inhibitory substrate, itsbiodegradation ki-
netics has been determined for many microorganisms
and subgtrateinhibitionwasobserved for dl previoudy
reported studies. Therefore, the Yano and Kogamodel
was chosen asthekinetic mode to evaluatethe degra-
dation of phenol by theindigenousP.aeruginosa. As
observed fromthe TABLE, the Yano and Kogamodel
parameters(r, ., K and K. ) show adefinitetrend of
vaiation. Ther__ decreasedwhileK_and K increased
astheinitid phenol concentrationincreased. Consider-
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ing thefact that K _isinversely related to the affinity of
themicrobial system for the substrate?, thisincrease
of K, correspondsto adecreasein affinity of the bac-
teria(P.aeruginosa) for phenol. It istherefore evident
that inhibition becomes prominent asinitia phenol con-
centrationincreases. Thus theR__ isastrong function
of initid phenol concentration(S) Thevariaionofr__
with S hasbeenindicatedinfigure 3 and asofitted by
thefourth order polynomid fit fromwhichr___ at any
vaueof S withintherangeof 500mg/L of phenol con-
centration may be predicted.

Assessment of performance

Phenol hasbeen used widely asamode inhibitory
substrate and its bi odegradation kinetics hasbeen de-
termined for many microorganisms. The performance
of thisindigenous P.aeruginosaisbeing compared with
well known effective degradersof phenol with empha-
sison maximum specific substrate consumption rate.
Reported va uesof the maximum specific substrate con-
sumptionrate(r__ ) varied from 0.001 to 2.6hr* (14343,
Folsom et a.1* and Schroder et a.1*! reported ar__
vaueof 2.6hr'and 0.4hr for P.seudomonascepacia
G4 respectively While, Zilli et d.* reported avalue of
0.0016hr* for Pseudomonas putida NCIMB 10015.
The r___ value of 0.12mg/mg/hr for indigenous
P.aeruginosa was lower than that reported for
Pseudomonas cepacia G4, however greater than that
of P.putidaNCIMB 10015. For equivaentinitia phe-
nol concentrations, thephenol removal efficiencies of
theindigenous P.aeruginosa werefound to be higher
than that of indigenous P.fluorescence asreported by
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CONCLUSIONS

The present study showsthe potential of theiso-
|ated indigenous P.aeruginosa for phenol wastewater
treatment. The performanceof theindigenousstrainin
bi odegradation of phenol inthenutrient mediumisex-
cellent. The parameter K_and K. increased with the
higher valuesof initia phenol concentration, whilethe
other parameter r__ decreased with the corresponding
increaseintheinitial phenol concentration, indicating
inhibition effect of phenal.
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NOMENCLATURE

Half-saturation constant (mg/L)

Inhibition constant (g/L)

Specific phenol (substrate) consumption rate(mg/mg/hr)
M aximum specific phenol (substrate) consumption rate

" (mg/mg/hn)

TABLE 1: Kineticconstantsobtained from thefitting of batch
experimental runs data from phenol degradation by P.
aeruginosato somekinetic models

- mx —'x mx

5m

Ks I'smax Ki

Microorganism  Model (mg/) (mg/l) (hr ) (g/l) SSE R
Monod 238 0.145 - 0.0030.83
Yano & koga 100 23.8 0.145 5.3 0.0030.81
Haldane 45.8 0.14521.20.0070.62
Monod 742 012 - 0.0040.65
Y ano&koga 200 745 0.12 8.4 0.0040.65
Haldane 71.3 0.12 36.90.0040.64
Monod
podoros Yaws foga 1280030 000309
Aeruginosa Haldane 300 A . ’
134.7 0.094 39.30.0030.67
Monod 2015 0.08 - 0.0020.68
Yano & koga 400 204.6 0.08 10.80.0020.70
Haldane 199.9 0.08 41.70.0020.69
Monod 331.20.064 - 0.0030.67
Yano & koga 500 316.0 0.064 12.50.0030.67
Haldane 332.5 0.064 51.50.0030.66

APPENDIX

Equs. for kineticmodelsaccordingtoTABLE 1

smax S
Ks+S

Monod(1949): fs =

o= rsmaxs

S
Haldane(Andrews,1968) : K<+S+ s?
K.

ro= MsmaxS
ST 3

KS+S+S—2
i

Yano and Koga (1969):
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