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MODELOWANIE TLENOWEJ BIODEGRADACJI FENOLU
PRZEZ SZCZEP Stenotrophomonas maltophili&B2

Abstract: The microbial degradation of phenol IStenotrophomonas maltophilléB2 strain was studied. The
purpose of experiments was to determine optimairenmental conditions for bacterial growth and &velop
equation describing both the rate of cell growtld hiodegradation rate of phenol. Microbial growgists in the
presence of phenol as the sole carbon and energgesavere conducted in batch reactor for differieittal
concentration of the degraded compound changeteimange of 25-500 g-th The kinetic experiments were
performed in optimal environmental conditions (30pEl 7). The Haldane inhibitory model with the \eduof
constantsuy, = 0.9 1, Ks= 48.97 g-1¥, K; = 256.12 g- ¥ predicted the experimental data with the best raogu
The obtained data-base made it possible also &rdigte the values of biomass yield coefficielkglns = 0.614,
and the endogenous decay coefficiégnt 0.05 h'.
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Introduction

Phenol and phenolic derivatives are one of theektrggroups of environmental
pollutants due to their presence in many industeffluents and broad application as
antibacterial and antifungal agents [1]. Phenalimpounds enter the environment through
the decomposition of the attached algae, phytoptem&nd through wastewater discharges
from a variety of industries such as oil and petoh refineries, coking plants, coal
processing, industries of resins, paints, dyesppbémicals production, textiles and paper
mills [2]. Phenols have been on the list of prippbllutants for a long time, due to causing
many adverse effects to human health (toxic ton#r@ous system, the heart, the kidneys,
the liver and are readily absorbed through skin amgcosa) and the environment.
Concentrations as low as 0.005 mg-toause adverse effect to aquatic environment, while
0.8 mg-kg" of soil is considered toxic [3].

Phenol is either toxic or lethal to fish at concatibn of 5-20 mg-dm, and imparts
medicinal taste and odour even at much lower caragon of 2 pg-dm. Therefore, to
save our agueous ecosystems, it has been mandatoirydustries to treat these wastes
before safe disposal to water bodies [4]. Varioattment methods are available for
reduction of phenol content in wastewater. The oghemical methods for the treatment
of phenol laden wastewater include: chlorinaticmgrwation, adsorption, solvent extraction,
membrane process, coagulation, flocculation [5].e Tmajor disadvantages of the
conventional treatments are costs involved in tispasal of the final effluent, production
of toxic intermediates and incomplete mineralizatiaf the compounds. In such cases,
biological processes seem very promising in terht@mplete mineralization of phenols to
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CO, and HO, without producing any toxic residues, low cost efficiency of these
methods [6]. In biodegradation of phenol the micgamisms play a key role. In spite of the
toxicity of this compound, a number of microorgamssare able to use phenol as a source
of carbon and energy. A lot of information is acalated on bacterial species from the
Pseudomonagenus [7-10] andBacillus genus [2, 11, 12]. After many years of research
into aromatic compound biodegradation, a numbetloér bacterial species have been also
described such aBwingella Americana[13], Staphylococcus aureud4], Alcaligenes
faecalis[15] or mixed bacteria cultures obtained from aatidd sludge [6, 16-18].

Despite the significant amount of information gaélteduring the years the problem is
still topical and significant and stimulates resbabeing aimed at characterization of new
microbial species which successfully utilize pheasla single carbon source. Therefore,
the subject of research in the presented study twadetermine kinetics of phenol
biodegradation by a novel strain of bacteria, idiet as Stenotrophomonas maltophilia
and designated as KB2. The ability of this strainuse phenol as the sole carbon and
energy source is connected with the presence afadpenzyme - phenol monooxygenase,
which takes part in the first step of phenol metabmathway [19-21].

The aim of the studies was to determine the opticoalditions for growth selected
microorganisms and next to develop equations danegri the rate of growth of
microorganisms and the biodegradation of the etdigubstrate.

Batch experiments

The kinetic model parameters are usually obtainednfbatch experiments by
observing the biomass growth rate with time atedéht initial concentration of the
substrate. For the exponential growth phase, whtegespecific growth rate of biomass
(unep remains constant and its value depends only enrtial substrate level, the rate of
changes in biomass concentration is first ordercamdbe defined as:

dXx
=== g X 1
= e ®

whereun.is net specific growth rate T and X is biomass concentration [g-Th
Integrating equation (1) with known initial conditiX = X, att = 0 yields:

InX = t+InX, 2

For every experimental point, that is for everytigi dose of substrate, the graph
representing the dependenceXras a function of time is expected to take the fafm
a straight line whose slope jge. By changing the initial concentration of the gtbw
substrate in the solutign, = f(Sp) data base can be obtained making it possiblelers
the form and estimation of the kinetic equationstants.

In the processes of biological purification of airsewage the key parameter, which is
the measure of the process efficiency, is the ahtbe utilization of pollutant. Hence, it is
necessary to know the parameter enabling the tiamstion of the equation describing the
rate of biomass growth to the equation descrillimgrate of utilization of growth substrate.

The observed biomass yield coefficieW),,s is such a parameter, and it is defined as
the ratio of the rate of biomass growth to the odtatilization of the substrate, measured in
the same time interval of growth phase.
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The substrate mass loss as a result of biodegoadatan be connected with the
biomass growth via the following relationship:

am __ M _)9%
dt (Yxsl)obs (Vl) dt (3)

wherem, [g] is the total mass of growth substrate in liqutase,V, [m?] is volume
of liquid phase in biosta§ [g- ] is phenol concentration in liquid phase.
Integrating dependence (3) over the time interfahe test we obtain:

X = X0 + (Yxs)obs(SO - S ) (4)
where
= Mso
So= v (5)

and my is the mass of phenol initially introduced into thiostat. Equation (4) can be
rearranged to the form, which allows calculating ¢ibserved yield coefficient as follows:

X = Xo)
(Vo) :(—0 (6)
e (S0-5)
The reason for the termination of growth may beagwtion of the essential nutrients.
Therefore, when the growth substrate is depletee,endogenous decay of the culture
begins. The appropriate equation to describe tbe dd cell mass due to cell lysis is:

dX

— =—ky X 7

p d (7)
whereky is a first-order rate constant for endogenous ylelcgegrating equation (7) we

obtain:
In X = _kdt +|n xdo (8)

where Xy is the concentration of cells at the beginninghaf decay phase. A plot of K
versust yield a line of slope—ky). It must be emphasized that the endogenous decay
coefficientky is a parameter of models describing cometabolicldgradation of various
compounds in the presence of phenol as a growtktrsib. Therefore, it is necessary to
determine the value of this parameter for futungliaptions.

Materials and methods

Stenotrophomonas maltophilldB2 strain, coming from collection of Departmerit o
Biochemistry, Faculty of Biology and Environmentokaction, University of Silesia, was
originally isolated from the active sludge of sewadiggatment plant.

The adaption o5tenotrophomonas maltophilléB2 strain to use phenol as the only
carbon and energy source was carried out in 500Ertenmeyer flasks, in an incubatory
shaker, at 30°C. The composition of mineral medivas described previously [22].
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2.25 cn of phenol solution (400 mmol) was added to théural every 24 h and the
optical density of bacterial suspension was measevery day. After 5 days of cultivation,
the cell suspension was centrifuged (5000 rpm @ominutes) and stored at 4°C.

The optical density (OD) method was used to measaheconcentration. OD was
determined using spectrophotometer HACH DR3900 (HAGnge, Germany)
at A = 550 nm against distilled water as a referenaed@&termine cell concentration by
absorbance measurement the calibration curve betwpécal density of the bacterial
suspension versus dry cell mass was prepared psyio

Phenol concentration in liquid samples was detegthiny HPLC method using Waters
chromatograph equipped with UV/VIS detector anitaibased, reversed-phase column
(Spherisorb ODS2, 150 x 4.6 mmyu#n). Mixture of methanol and 1% acetic acid in water
was used as a mobile phase (v:iv 40:60). Detectian varried out at wavelength of
272 nm. The liquid samples were taken from bioaand centrifuged (9000 rpm) for
10 minutes. Supernatant was filtered through swrifijers (PTFE membrane, pore size
20 um) and diluted with water (1:1). Before prodegdvith the research associated with
the determination of kinetic model the effect ahperature and pH on the growth of the
tested strain and phenol degradation were examingtliis way the optimal environmental
conditions for the process were determined.

Batch experiments were carried out in Biostat Briemtor (Sartorius, USA) with
working volume of 2.7 drh During experiments the optimal environmental dtods
were maintained (30°C and pH 7) and stirrer rotstiB00 rpm. The air was supplied by
external compressor through a sterilized filter andcentration of dissolved oxygen (DO)
was about 5 mg-dm Each cultivation was started with the similarlseoncentration in
the solution, equaling 61.3,g- M (the initial OD about 0.2 &t = 500 nm). The culture
was sampled at regular time intervals and bothrhlasme and phenol concentration were
determined.

Results
Effect of temperature

To determine the influence of temperature Stenotrophomonas maltophiligB2
growth and phenol degradation a series of expetsneat different temperatures
(range 22-42°C) and at pH 7 were performed. Fiest pf tests was carried out in
Erlenmeyer flasks containing 300 trof microbial culture, with 2.25 ctmof phenol
solution added every 24 h. The growth of testedirstivas observed for temperatures
changed within the range 22-38°&tenotrophomonas maltophilkiB2 incubated at 42°C
did show neither growth nor phenol degradation an@2°C the growth of biomass was
less intensive than for other temperatures. Talingto account, the second part of the
tests was carried out in batch reactor for tempesatchanged within the range 22-38°C
and initial concentration of phenol equaled 75 4: Figures 1a and 1b show the results of
experiments. It could be observed that both theiipegrowth rate of KB2 strain and the
rate of phenol biodegradation were most effectivetémperatures equaling 30 and 34°C.
Similar range of temperatures was found by Wojgieska et al. [21] as an optimum for
activity of monooxygenase isolated from KB2 stralinerefore, the kinetic experiments
were conducted at 30°C.
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Fig. 1. The rate of growth KB2 strain (a) and pHérodegradation at different temperatures (b)

Effect of pH

The value of pH solution may affect the rate ofchiemical reaction [23]. Therefore,
the first series of experiments was carried ouEitenmeyer flasks, at 30°C and initial
phenol concentration equaled 75 g®nthanging pH in the range of 4.5-9. The tests
showed the lack of growth KB2 strain for the valuEs4.5 and 9. Another series of
experiments was performed in batch reactor forainfthenol concentration in the solution
equaling 75 g- i and for the range of changes of pH 5-8. It wasidbthat specific growth
rate of microorganisms increases for pH changelinvihe range of 5-6 and decreases for
pH above 7. There were no significant differencethée rate of phenol utilization for pH of
6-7 (Fig. 2).
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Fig. 2. Specific growth rate of KB2 strain (a) asfthnges in phenol concentration (b) in the cultaegsed out at
different pH valuest, = 30°C

Additionally, for each tested pH value a serieegperiments was carried out using
uninocculated culture to check whether the decr@agdenol concentration is a result of
chemical reaction or not. The results showed tfiar @ few hours of experiments there
was no substrate loss. Therefore, pH had no effedhe concentration of phenol in the
uninocculated samples.
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Wojcieszynska et al. [21], investigating activity enzymes taking part in phenol
decomposition, stated that the highest activitplodnol monooxygenase isolated from KB2
strain was observed for similar value of pH, equ@lv.2. Taking above into account, the
kinetic tests were performed for pH solution ecqu@lr.

Effect of initial cell concentration

The series of batch cultures was performed foraingell concentrations changed in
the range of 23.0-92.0.g -m° (absorbance from 0.075 to 0.3) and initial phenol
concentration in the solution equal 75 @.nit was observed (Fig. 3) that phenol was
effectively decomposed for initial biomass concatitns about 61.3-92.Q,g- n°. Taking
it into consideration the kinetic tests were catrieut in batch reactor for initial
concentration of biomass equaling 6143,g1°.
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Fig. 3. Phenol biodegradation at different initi@mass concentration [g=th

Effect of substrate concentration

The batch cultures @tenotrophomonas maltophilkiB2 strain tests were carried out
at 30°C and pH 7. A constant value of pH was maiathby feeding 10% solution of KOH
or KH,PQO,. Each culture was started at a similar concentadif cells in the suspension
(61.3 gew M) and for initial phenol concentration changed wmtithe range of 25 to
500 g-m°>. Figure 4 shows the curves representing the afteabstrate utilization (a) and
biomass growth (b) for different initial phenol camtrations. For every experimental point
the graph of InX = f(t) was plotted; in the exponential growth phase dbpendence is
a straight line of slopey(.). The data-base compiled in this way, presentedigargé 5,
confirms the earlier information about an inhibjytogffect of phenol on the growth of
microorganisms.

A lot of propositions of equations describing kinstof microorganisms growth
inhibited by substrate can be found in literatu?d]] The most frequently applied the
Haldane equation was chosen to describeStemotrophomonas maltophilidB2 strain
growth on phenol:
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y=—a5)_ ©

KS+S+S—
K.

wheres, [h] is the model paramete, andK; are the half saturation constant [g3rand
substrate inhibition constant [g-Th respectively.

The kinetic equation parameters were estimatechgami the own database using the
least - square error method with the help of NLREGgramme (Sherrod 2010), and they
are:um= 0.9 b, K= 48.97 g-nt, K; = 256.12 g- 1.
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not exceeding 5% approximates the experimental dataquation (10) subscripexpand
calc denote experimental and calculated values, reispéct

The values of kinetic parameters and growth comaktiwvere compared with literature
data in Table 1 and Figure 6. The comparison cfetdata reveals that the specific growth
rate forStenotrophomonas maltophilleB2 strain was one of the highest. The testedrstra
showed also great resistance to inhibition of theiwth by phenol (high value of substrate
inhibition constant), similar to the values obtairfer Pseudomonas putidaTCC 49451
[25], Bacillus cereug?] andAlcaligenes faecalifl5].

Table 1
Microorganisms, the values of kinetic parameters@riture conditions
for phenol biodegradation in different studies
Phenol Haldane model parameters C“'“.J.re
) . . (Yxs)obs condition
Bacterial strain | concentration it References
range [g- 3 Uml Ks Ki [9c] Temp.| pH
h | [g-mI | [g-m] Cl | [
Bacillus cereug  50-600 0.153 21.33 238.0 0.102-0.880 3D 710 [2]
Pseudomonag
putidaMTCC 10-1000 0.305 36.33 129.79 0.65 3 71 [4]
1194
Pseudomonag X
putida DSM 544 1-100 0.436 6.19 54.1 0.0017 24 6.8-6.3 [8]
Alcaligenes | 4 109 015 | 222 24537 - - - [15]
faecalis
Pseudomonas 4 1409 0275| 69 | 5307 - 30 72 [17]
sp. chp 1-3
Pseudomonas
putidaATCC 100-500 0.9 6.93 284.3 - 30 6.5 [25]
49451
0.765 (for
Pseudomonag 5 gy, 0.217| 244 | 121.7 concentratio 25 7.1 [26]
putida LY1 50 g 11T
g-m°)
Pseudomanas
putida(Tanl) | =54 g4, 3.56 187 | 212.48 0.4258 35 6.0 [27]
Staphylococcus
ureus(Tan2)
Mixed cultures 25-1450 0.143 87.44 107.0p 0.6 25 6.9 [28]
Stenotrophomoh
as maltophilia 25-500 0.9 48.97 256.12 0.65 30 7.0 this study
strain KB2

The mean value of the biomass yield coefficientedrined in the experiments, was
(Yxdobs= 0.614.

The endogenous decay coefficiekd) (was obtained by monitoring the decay of cell
mass in the absence of growth substrate. The sgnplot of biomass concentration
vs. time yields a straight line with slope ek{). For Stenotrophomonas maltophilleB2
strain the endogenous decay coefficient evaluatetis way equaled 0.05'h
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Fig. 6. Comparison of the specific growth rate iffletient microbial strain

Conclusions

The experiments showed high activity of the testécroorganisms in the process of
phenol biodegradation and relatively low sensiitid the inhibiting influence of growth
substrate at higher concentrations in solution.afgé experimental data base made it
possible to estimate the constants of kinetic egunato determine the yield coefficient and
the endogenous decay coefficient.

The studies showed the great potentigbtefnotrophomonas maltophiliéB2 strain to
use phenol as a carbon and energy source. Due ¢bh feature, the examined
microorganisms may be recommended as biologica¢énaain the industrial processes of
removing phenol from wastewater.
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MODELOWANIE TLENOWEJ BIODEGRADACJI FENOLU
PRZEZ SZCZEP Stenotrophomonas maltophili&B2

Instytut Inzynierii Chemicznej, Polska Akademia Nauk, Gliwice

Abstrakt: Przedmiotem badabyta kinetyka biodegradacji fenolu przez bakt&tenotrophomonas maltophilia
KB2. Szczep ten zostat wyizolowany z osadu czynnegozyszczalni sciekdw komunalnych
w Bytomiu-Miechowicach i jest obecnie przechowywamykolekcji VTT (Finlandia) pod numerem E-113137.
Eksperymenty kinetyczne prowadzono w reaktorzesuwgm, zmieniajc w kolejnych eksperymentachy&tnie
fenolu, ktéry byt dla testowanego szczepu jedyrngnddiem wegla i energii, w zakresie 25-500 g-inTesty
kinetyczne poprzedzone zostaly gemiodowli prowadzonych w zmiennych warunkaéhodowiskowych
(5< pH> 8; 22°C< t > 42°C; pocgtkowe stzenie biomasy 22-924g, M) w celu okrélenia warunkéw hodowli
najkorzystniejszych dla wzrostu stosowanych mikgaoizméw. Byly to: pH 7t = 30°C, pocatkowe stzenie
biomasy ~61,3 @.nm° i przy takich wartéciach testowanych parametrow przeprowadzono wseystk
eksperymenty kinetyczne. Testy kinetyczne wykazadydla pocatkowych stzen fenolu w roztworze wikszych

od ~100 g- 17 zaczyna b§ widoczny inhibitujcy wptyw substratu na wzrost mikroorganizméw. Zateim opisu
kinetyki wzrostu szczepu KB2 na fenolu wybrano nmodeldane. Parametry tego réwnania wyestymowano
w oparciu o wiasp baz danych eksperymentalnycha ®: un = 0,9 h% Ks = 48,97 g-1t, K; = 256,12 g- 1.
Opracowane réwnanie kinetyczne przyhli dane eksperymentalne z@ednim bédem procentowym
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nieprzekraczapym 5% R = 0,95). Przeprowadzone testy pozwolity réwinie wyznaczeniéredniej wartéci
wspdiczynnika wydajniei biomasy (Yxdobs = 0,614), ktéry umdiwia transformacj zaleznosci opisupcej
szybka¢ wzrostu mikroorganizméw w réwnanie opigeg szybké¢ biodegradacji fenolu. Wyznaczony zostat
réwniez wspétczynnik endogennego zamierahigs= 0,05 h?, ktérego wartéé jest niezdna przy modelowaniu
uktadéw kometabolicznych, w ktérych fenol jest dultem wzrostowym. Badania wykazalye szczep
Stenotrophomonas maltophilkéB2 jest dobrym materiatem do zastosé@wazemystowych (krétka faza zastoju,
dwa aktywnd¢ biodegradacyjna, optymalna szykkowzrostu osigana przy stosunkowo éych stzeniach
fenolu w roztworze).

Stowa kluczowe:fenol, biodegradacja, hodowla okresowa, rownaimetikczne
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