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KINETICSOF VINYL ACETATE BIODEGRADATION
BY Pseudomonas fluorescens PCM 2123

KINETYKA BIODEGRADACJI OCTANU WINYLU
PRZEZ Pseudomonas fluorescens PCM 2123

Abstract: The microbial degradation of vinyl acetate (VA) Bgeudomonas fluoresceRECM 2123 strain was
studied in both batch and continuous modes. Thpgser of the experiments was to determine the kimetidel

of the cell growth and biodegradation rate of viagetate (VA), which was the sole carbon and ensogyce for
tested microorganisms. The experiments, carriednoatbatch reactor for several initial concentriasi of growth
substrate in the liquid phase ranging from 18.8%8 Guswae° (g M) made it possible to choose the kinetic
model and to estimate its constants. The Haldamiitory model with the values of constangs;= 0.1202 R,
Ks= 17.195 gms, K; = 166.88 gm™ predicted the experimental data with the best mogu To set the
parameters of maintenance metabolism it was negegsa@arry out a series of continuous cultureslifierent
dilution rates (0.05 to 0.072% and concentrations of VA in the liquid suppliedthe chemostat ranging from
30.9 to 123.6 gm™. The obtained data-base enabled to determinedéfficient for maintenance metabolism
(Me = 0.0251 GiostraeGrell dry weight - (Os Gaw 1Y) as well as the maximal and observed values efdyi
coefficients,Yye" = 0.463 gow &~ and {xdons= 0.411 guw &, respectively. The developed kinetics was verified
by comparison of the computed and obtained in beigieriments profiles of changes in biomass anaviro
substrate concentrations.

Keywords: vinyl acetatePseudomonakinetics, batch and continuous cultures

I ntroduction

The fast development of civilization over the lasnhturies has caused the significant
increase in waste production which exceeds theilbites of self-purification of the
natural environment. The development of methodsesfage and exhaust gases treatment
is the way of protection against the harmful pheeoanof waste accumulation. Among
them the biological processes of decompositionadufants play a key role because they
are very effective even for very small and chantgeatoncentrations of removed
compounds as well as for large streams of tregasd1-4].
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One of the key stages in the process of bioputifinaof air or sewage, which decides
about its efficiency, is the rate of biodegradatmihcompounds which are the growth
substrates for microorganisms that decompose tbgm [

Hence equations describing the rate of their bicaafion are undoubtedly the
essential elements in the mass balance, drawnrugnforeactant, regardless of bioreactor
type.

The subject of the analysis of the present studpeaskinetics of vinyl acetate (VA)
biodegradation by bacteria from the geRsgudomonas.

Vinyl acetate is the unsaturated aliphatic esteicvieasily polymerizes to polyvinyl
acetate - the basic element of bonding in gluegjl€on paints, coating materials and
finishes, as well as many polymers and copolymier2012 6.5 Tg (18 g = million
tonnes) of vinyl acetate were produced around thddw4 % more than in the previous
year. Analysts predict that such a pace in prodactincrease of VA will be maintained
until 2020. Such common and quantitatively big eongtion of VA, which has been
included by EPA on the list of 189 the most envinemtally harmful pollutants,
significantly affects the emission of this compount the atmosphere. The distribution of
VA between various environmental compartments, tuéts volatility and hydrolysis
occurring in soil and water, is unequal. Accordind6] even 91.5 % of VA released into
the environment pollute the air. In the air, vimgtetate takes part in photochemical
reactions, and its half-life duration in this emriment is about 14 hours. In aquatic
environment VA undergoes the hydrolysis to acettdd aand acetaldehyde. In the
temperature of 25C its half-life duration in this environment compaent is about 7 days.
VA in concentration below 0.6 g-thhas no effect on freshwater fishes populationibut
concentration above 18 g-hit contributes to the death of half of the frestavaalgae and
freshwater fishes populations [7].

Vinyl acetate is the substance whose vapourstiritile mucous membrane of eyes
and upper respiratory tract and it disturbs theemrfunctioning of the central nervous
system. International Agency for Research on Ca(iédRC) has listed VA in group 2B.
It means that there is a limited evidence of itcice@genic effect on people [8]. However,
it is important to mention that soon after the eshiwith VA, a highly toxic acetaldehyde
appears in human blood and animal tissues. Acdtgitde directly reacts with DNA,
causing formation of crosswise bonds between DNA aroteins, and chromosomal
aberrations in eukaryotic cells. Toxicity of acd&lilyde, as well as the other aldehydes, can
be so large that the reduction or even inhibitidnbacterial cells growth from the
Pseudomonagenus was observed [9, 10]. Clinical tests alsowgmahat VA is the factor
inducing nose tumours in rats [11-13].

The structure of vinyl acetate indicates that gt be easily biodegraded to carbon
dioxide and water and probably that is why in &tere there is little information about
decomposition of this compound by microorganismatadaka et al. [14] described the
process of isolation oPseudomonastrain being able to use vinyl acetate as the trow
substrate. The authors described three types efassts present in cells of the strain, but
only one of them was engaged in assimilation of/lvatetate. Unfortunately, there is no
data on conditions of its activity. Nieder et dl5] researched the ability of decomposition
of vinyl acetate by microorganisms present in sasoif soil, mud, sewage under aerobic
and anaerobic conditions. Two strains of yeasts thimdeen strains of bacteria which
showed the ability to use vinyl acetate as the auurce of carbon and energy were
isolated. Among them the gram-negative strain, edrs V2, was chosen for further
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research which targeted at showing the decomposgaihway of VA. It was stated that
two groups of enzymes were involved in the decoritipos pathway of vinyl acetate:
hydrolases and oxidoreductases. These were intrreénzymes, and that indicates that
the whole process of VA degradation occurred ioghgsm.

Lara-Mayorga et al. [16] studied VA decomposindigbof methanogenic sludge used
in the treatment of polymeric resin waste-watersvds stated that minimal oxygenation of
a reactor (about 1 mg-dhd™) resulted in the total degradation of many compsie
including VA, which were not utilized in anaerolionditions. From the slightly aerated
methanogenic sludge the authors isolated aerobam-gnegative strain, identified as
Brevibacillus agri strain C1. The comparison of vinyl acetate bioddgtion rate by
slightly oxygenated methanogenic sediment andrsttdi resulted in similar evidence, and
the maximum specific rate of VA utilization was 8:20° and 4.09- 1T gya- Quolatie suspended
solids I, respectively. These results seem to prove thast@iln is responsible for vinyl
acetate elimination in methanogenic sediment. Gegnal. [17] selected a few
environmental bacterial strains being able to gmwhe presence of vinyl acetate as the
only source of carbon and energy. However, comparaé¢sts showed that VA was most
efficiently utilized by the laboratory straiRseudomonas fluorescef®CM 2123. The
ability of strain PCM 2123 to metabolize vinyl aatet is connected mainly with synthesis
of carboxylesterase [EC 3.1.1.1] catalysing theavdgie of ester bond. In the previous
paper [18] the authors described the optimal cadit for the activity of esterase and
alcohol/aldehyde dehydrogenases in the cells of RCRB strain during its growth in the
presence of vinyl acetate and confirmed the VA ddation pathway suggested
by Nieder at al. [15].

Overriding objective of our study was to develop thed for trickle-bed bioreactor
(TBB) which could be used for purification of airortaining vinyl acetate. The
employment of bacteria in industrial applicationsiid be greatly facilitated by knowledge
of the growth characteristics of selected microoigms. Therefore, the aim of further
works, which are the subject of considerations liis telaboration, was to determine
complete kinetic model of VA biodegradation Bsseudomonas fluoresce®CM 2123
strain. All experiments were performed in condifoaensuring the optimal activity of
enzymes involved in vinyl acetate biodegradation.

It must be emphasized that, in the known literattinere was no information about
kinetics of aerobic vinyl acetate degradation bgrowrganisms.

Kinetics of bacterial growth

Batch experiments

The exponential growth phase is essential for teftdynamics of microorganisms
growth. It is a period of balanced growth, in whiglh components of a cell grow at the
same rate and cell mass or number increase expalhentith time t [h]. The rate of
changes in biomass concentration in that phaseojgoptional to its concentration, so cell
growth can be treated as the autocatalytic reactiohe first order and defined as:

dXx

d_tb = UnetXp 1)
where e [N is net specific growth rate and, [gew M) is biomass concentration.
Integrating dependence (1) with known initial cdrais X, = X0 att = 0 yields:
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InX, — InX,
Inet = f_—tobo (2)

Carrying out a series of cultures with differenitiad growth substrate concentrations
S [gs 7] and evaluating, for each batch culture a valuthefspecific growth rate in the
phase of sustainable growth, data hase= f(S) can be obtained which allows to select the
form and to estimate the kinetic equation constglrgk

In the processes of biological purification of airsewage the key parameter, which is
the measure of the process efficiency, is the oétatilization of pollutant. Hence, it is
necessary to know the parameter enabling the tramsation of the equation describing the
rate of biomass growth to the equation descrilliregraite 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 substrate, measured in the
same time interval of growth phase.

The substrate mass loss as a result of biodegoadatissuming thermodynamic
equilibrium between the phases present in biostt, be connected with the biomass
growth via the following relationship:

dmg v dX,
dt (Yxs)obs dt
wherems [g is the total mass of growth substrate in bothuiigand gaseous phases,
V. [m¥ and A [m% are volumes of liquid and gaseous phases in &iosespectively,
S [gs M7 is VA concentration in liquid phase amtl is dimensionless Henry’s constant
(for vinyl acetateH 3¢ = 0.0261 [20]).
Integrating dependence (3) over the time inter¥ahe test we obtain:

ds
=i+ H V)= (3)

|74
X = Xpo + (esdons (14 H'22) (S = ) (@)
l
where
_ My
S (5)

and mg, is the mass of VA initially introduced into the btat. Equation (4) can be
rearranged to the form, which allows calculating tibserved yield coefficient as follows:

(Vo) op = (Xb - Xbo) ) |4 6)
xs/obs SlO_Sl V1+H*'%

Growth in continuous culture

The observed biomass yield coefficient varies uguaith the growth conditions
because the growth substrate is utilized not oatybiomass growth but also to produce
energy essential for life processes of microorgagigmaintenance metabolism) [21]. So
the rate of growth substrate assimilation in thiéucel can be describes as:

s, 1 (de) oy -
dt ~ YM\dt )pe Medb

where m. [gs G.aw -h] is the maintenance coefficient ariq{’;’ [Qeaw @] denotes the

maximum yield coefficient (no endogenous metabol@nmaintenance energy){x’:’ has
a constant value independent of growth rate [22].
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To set the values af, and YX”Z it is necessary to carry out the series of tasthé

continuous-flow stirred-tank reactor (CFSTR) workin a steady state.
A material balance ofi” compound around the chemostat can be described as

d(cv,
(dtR) =ViChp—V*C 21V (8)
where r; [gi-m>hY is the rate of growth/utilization ofi” compound andC; its

concentration [gn ], subscript "0” relates to the parameters at #ator inlet.

The ideal chemostat is continually supplied witbrigg fresh nutrient medium in the
quantity ofV; [m* h™] and the cultivation liquid is removed at the saae ¢ *). It means
thatV* = V; and the culture volumés[m?] in the reactor remains constant.

In the steady-state% =0, % = 0) mass balance of biomass:
dX
Vi d—tb = Vi Xpo — Vi Xy + 73 9)
simplifies to
D(Xpo — Xp) + HneeXp =0 (10)

where e = p [h is dilution rate.
VR
In our experiments the feed media were steKlg € 0) so Eq. (10) takes the form:

D = et (11)
what means that the bacterial cells are removeh fiochemostat at a rate equal to their
specific growth rate.

The mass balance of growth substrate at the stetatly-of the system can be
expressed as:
1
Vo (Sio = S1) = Vg (

@ HUne

tXp + meXp) =0 (12)
where
1
_M:unetXb +meX, =715 (13)
YXS

is the rate of growth substrate utilization (Eq.(7)
Equation (12) can be rearranged to the form:
SlO - Sl 1 me
—_— =t — (14)
X, YM ' D
or

S (15)
(Yxs)obs Y)% D
Performing a series of experiments in a chemogtatating in the steady-state for
So = const, but with different dilution rates, andtisgf the corresponding valu®,§ops for
each experimenthe obtained data base made it possible to platphgl/lyso.ns against

(1/D). According to Eqg. (15), the slope of the lineagnession line in the plot s, and the
intercept represengé; value.

In turn, performing a series of experiments atsdme dilution ratel{ = const), but for
different concentrations of growth substrate in thedium feeding the chemostat, and




497 Agnieszka Gszczak, Grayna Bartelmus, Izabela Grend Daniel Janecki

plotting for steady-state a graph = f(So— S), the {y9dobs Value is obtained as the slope of
the linear regression line. The value ¥f),nsfor any rate of dilution can be also calculated
from Eq. (15) if the parameters of maintenancekamvn.

Materials and methods

Pseudomonas fluoresce™®CM 2123 strain coming from the Polish Collectiofh
Microorganisms, (Institute of Immunology and Expeental Therapy, Wroclaw), was
applied in this study. The strain was stored inftren of lyophilizate in —20C or on agar
slopes in 4°C. Proliferation of the cells and preincubation hwitinyl acetate in the
concentration of 0.4.gdn> was performed as described previously by Grenl.dil@].
Before proceeding with the research associated vyl acetate biodegradation the effect
of pH and temperature on the growth of the selestexin was examined. Pure cultures of
Pseudomonas fluoresce®CM 2123 were inoculated into a triplicate sets 8f5 dni
Erlenmeyer flasks containing LB medium. Part ofmtheas adjusted to pH of 5, 6, 7 or 8
and incubated in a shaker at 30 °C, another pastadgusted to pH 7 and incubated at 21,
25, 30 or 35 °C. It was observed significantly weralgrowth of biomass at pH = 5 and
at 35 °C. Optimal environmental conditions for tp@wth of tested strain were pH = 7
and 30 °C.

Batch experiments

Kinetic tests were conducted in Biostat B fermer{artorius, USA) of the working
volume of 2.7 dr (culture volume of 2 df), whose equipment enables the control of
process parameters. The experiments were conduattethe optimal environmental
conditions and stirrer rotations of 300 rpm. The gpiHhe medium was adjusted to 7 by
adding a 10 % solution of KOH or KHAQO,. The VA degradation process was conducted
under aerobic conditions but due to the volatitify VA, aeration couldn't be used. To
assure that the culture wasn't limited by&constant DO (dissolved oxygen) concentration
(about5 mg-dm?) was achieved by dosage with a 0.75 % solutiohyolfogen peroxide
according to the indications of sensor. Prelimirtasts confirmed the activity of catalase in
cells of strairP. fluorescen®CM 2123 [23].

The tests were conducted for initial concentratiohgA changing within the range of
18.6-373 gm™. Each cultivation was started with the similarlsetoncentration in
a solution which was about 9704, dm? and that corresponds to absorbance about
0.2 a2 = 550 nm.

During experiments, at particular time intervalse ttoncentrations of biomass, VA
and indirect products of metabolism (acetaldehydeetic acid and ethanol) were
determined.

Continuous culture

Each continuous culture was initially run as théchbaone and no fresh medium was
added. As soon as the culture was achieving therexgial growth phase and enough
biomass has been formed, the sterile medium sugpitsd with the appropriate amount of
growth substrate was supplied. The chemostat sagpewas periodically sampled. When
no appreciable change in cell mass and substraientration was observed - changes do
not exceed 3 % in the subsequent analyses - itcoasidered that the steady state was
reached. The culture was kept at least for the tismessary for seven changes of liquid in
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bioreactor. Two series of experiments were condlidier D = 0.072 h* changing VA

concentration in a liquid feeding chemostat witthia range of 15-123.6.gn >, and for VA

concentration in a liquid feeding chemostat eqoglto 123.6 g™, changing the dilution
rate within the range of 0.05-0.48'h

Analytical methods

Biomass concentration was indicated by spectrophetac method as described
earlier [15]. Concentration of VA and indirect pumds of its biodegradation were defined
with the help of Varian 3800 gas chromatograph escidbed previously [17Every test
was repeated twice in identical conditions, andthkies were averaged to get the true
experimental value.

Results and discussion
Batch experiments

Batch experiments were conducted to investigateeffiect of initial vinyl acetate
concentrations oRPseudomonas fluoresceRECM 2123 growth. For each periodic culture
the graph IX, = f(t) was prepared. In the exponential growth phasedtmendence is
a straight line whose slope determines the valughef specific growth rat@ye [24].
The obtained data base was presented in Figuraghk iformSy/u,.e; againstS,. The curve
approximating the experimental points is parabot étraight line) so clearly indicates the
inhibition of biomass growth by the limiting sulest [19].

14000

12000

10000

8000 f

6000

Siop ' [gsmh]

4000

y = 0.04985x?+ 8.319x + 143.05

2000 R?=0.9952

0 50 100 150 200 250 300 350 400
Sio [gs m™]

Fig. 1. The graph of dependen§g/ume: = f(So) for VA biodegradation byPseudomonas fluorescens
PCM 2123
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A lot of suggestions of equations describing kicgetiof microorganisms growth
inhibited by substrate can be found in literatdreey were drawn up by Singh et al. [25],
Agarry et al. [26] and in monographs of Moser [88d Shuler and Kargi [22]. All tested
equations (Aiba, Haldane, Teissier, Yano-Koga) apipnated experimental values with
the mean relative erra, not exceeding 11 %, so the most frequently apphedHaldane
equation was chosen to descriBseudomonas fluorescefCM 2123 strain growth on
VA:

#mSl

H= 5, (16)

K, +S, +

l.
where i, [ is the model parameteKs andK; are the half saturation constant: fg~]
and substrate inhibition constant fg ], respectively.
The kinetic equation parameters were estimateddbasehe own database using the
least-square error method With the help of NLREGng{mme [27], and they are:
um= 0.1202 A% Ks= 17.195 g m>, K; = 166.88 g n°. Developed equation with a mean

relative error:
& = Z u
N exp,i

not exceeding 8.5 % approxmates the experimeratd.dn Eq. (17) subscripexp and
calc denote experimental and calculated values, reispéct

:uexp i :ucalc i -100% (17)

1.1

10F + 309gsm?
¥ 466ggm?
0.9 A 618gsm3
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® 1854gsm?
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Fig. 2. Profiles of changes in VA concentrationidgrindividual cultures?. fluorescen$CM 2123 on
VA at different initial doses of substrate
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No data referring to kinetics of vinyl acetate iatition which could be compared with
results of this elaboration was found in literature

For estimation of the observed yield biomass coieffit it was necessary to trace the
changes in growth substrate concentration in eaafogic culture at regular intervals.
It was noted that every time after addition of gaaticular amount of VA to biostat the
reduction of VA concentration was observed but Essigrowth did not accompanied
it (Fig. 2).
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Fig. 3. Changes in VA concentration in sterile tols of mineral medium (filled symbols) and sabuti
with inactive bacteria (open symbols)
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Fig. 4. Profiles of changes in time of the concatiins of biomassd{amond$, vinyl acetate dircles
and acetic acidifangles
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To check this is the feature of the tested systmries of experiments, maintaining the
same parameters as in the kinetics studies, wenedaaut either without bacteria cells or
with microorganisms which were earlier sterilizadautoclave for 1.5 h at 12C. In both
tests, after a few hours of experiment duratioarghwas no substrate reduction as a result
of nonenzymatic hydrolysis (Fig. 3). According itedature data, the half-life degradation
of VA as a result of this process varies from @3] to 168 h [7].

The results shown in Figure 3 seem to confirm tlgpothesis that the observed
reduction of substrate concentration in the initialtivation stage is connected with vinyl
acetate assimilation lseudomonas fluoresceREM 2123 cells and its biodegradation by
the intracellular enzymes [18]. However, the exaeison is unclear. It must be added that
during cultivations, in the whole range of the ¢gsVA concentrations, no presence of
acetaldehyde and ethanol was indicated. For coratimts of VA higher than 185.gr™
acetic acid appeared in a solution, but it wadzetil in the phase of sustainable growth

(Fig. 4).
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Fig. 5. lllustration of the method of estimationYos value for: a) So = 123.6 g%
and b)S, = 154.5 g- ¢
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Taking into account all data mentioned aboYgy){,s was estimated by preparation for
each culture in the exponential growth phase, tiaplgaX, = f(AS), like Bakhshi et al.
[24] and Nweke et al. [28] carried out before.

From the slope of straight line which approximategerimental points, the value
(YyoonsWas read off (Fig. 5). The estimated in this walugaf the observed yield biomass
coefficient {fygonsChanged slightly with the change of the specifiavgh rate, and its mean
integral value determined in the range of the testeanges of the initial VA concentration
was 0.37. The value o¥{).ns Was verified in the tests carried out for continsiculture of
Pseudomonas fluorescef®CM 2123 cells with VA as the only source of carbend
energy.

Continuous cultures

For the values of operational parameté&s %) used in the experiments the presence
of acetaldehyde, acetic acid and ethanol was ratetbin the liquid leaving chemostat.

Based on the results of research conducted inhbmastat, values yield coefficients,
maintenance coefficient and maximum specific grosatie can be designated.

The first series of experiments was performed lier donstant concentration of VA in
a medium fed into the chemost&E123.6 g M), but changing dilution rate. In Figure 6
the results of continuous culture B§eudomonas fluoresceREM 2123 in the presence of
vinyl acetate as the dependendéY.l).ns = f(1/D) for the cultures carrying out at the
dilution rate changed in the range 0.05-0.0721were noted. The experimental points
were approximated with a straight line, whose sldeéines the value of maintenance

coefficient . = 0.0251 g g.qw b, but intercept is converse d{g’ which equals to
0.4633 gy, & In this way the parameters of Eq. (15) has beserthined.

3.0
28}
e
® 26}
3
2
3 24T
b
< experimental values
22F y=0.0251x + 2.1584
R?=0.972
2.0 i 1 1 '
12 14 16 18 20 22

D7 [h™]
Fig. 6. Plot of functionYobs * versusD™ for So = 123.6 g- 17¢
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The maximum specific growth ratg, is often estimated from continuous cultures
experiments using the method of wash-out. Unfottlpait was not possible to determine
the 4, value due to strong ability of tested strain to fibio formation at higher
(D > 0.09 h") dilution rate. These observations corroboratefitidings of Molin [29] who
stated that the common methods of calculafipgrom a chemostat experiments are not
reliable when a biofilm is present.

Figure 7 shows the results of another series ofimaous cultures conducted with the
steady dilution rate O = 0.072 h") for various VA concentrations in a medium feeding
chemostat. The slope of line approximating expentaledata indicates the valu¥{ous
equalling 0.369 g gs‘l. This value of Yygobs iS almost identical to the value ofy{ops
obtained as integral average from the batch t@$ts.difference between the determined
experimentally and calculated from equation (13)&s of {Yygons didn't exceed 8 %.

60
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¢ experimental values

10} y=0369x  R?=0.968
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VA concentration [g m™]

Fig. 7. Plot of functiorX, = f(So— S) for different concentrations of VA in nutrientlstion supplied to
chemostatD = 0.072 ht

Verification of kinetic model

The determined complete model of growthRffeudomonas fluoresceRCM 2123
cells in the presence of vinyl acetate allows ttridate the profiles of the changes of
biomass and growth substrate concentrations irpéni@dic cultures. For this purpose the
system of differential equations must be solved:

dX, 0.1202S,X,

t

i —exp(—-= 18

ac 52 (1 exp t,)> (18)
17.195+Sl+m
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ds,

" dt  0.4633

1

(

dx,

de

) +0.0251X,

(19)

The last term on the right hand side of Eq. (18)saters existence of adaptation phase
of durationt,. The above system of equations with the initialdition:

whent = 0, thanX, = Xy andS =S
was solved by Runge-Kuttd'4rder method.
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Fig. 8. Profiles of changes in concentration ofniégs (open symbols) and VA (filled symbols) for
different initial concentrations of growth substrg®, = 30.9 g-r* (a), So = 123.6 g-17 (b),
So = 154.5 g-1 (c) andS, = 185.4 g-17# (d). circles - experimental valuesliamonds- values
computed using set of Eq. (18) and (Xgjulares values computed using set of Eq. (21) and (22)

Unfortunately, such a formulated kinetic model doestake into account the sorption
of growth substrate itlag phase, observed during experiments. In that sitoathe method
of calculation of the profiles of growth substrates modified. First, on the basis of
experimental data, the concentration of substiatieeaend ofag phase was defined, whose

value was marked agf . Next the system of equations was solved:

dx,

0.12025,X,,

dr

17.195 + S, +

St

166.88

(21)
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s, 1 (de (22)

~qt =g o) + 00251,
with the initial condition:
whent = t,, than X, = Xpoand § = S/ (23)

such method of fitting the calculated and obtaieggderimentally results was also applied
by Hao et al. [30] for chlorophenol utilization Bginetobacteispecies.

In Figure 8 the profiles of changes in biomass ®#dconcentration calculated and
obtained experimentally for a few periodic cultuod$seudomonas fluoresceREM 2123
cells were compared.

It is worth emphasizing that the results of nunedrgimulations performed using set of
Egs. (21) and (22) fit the experimental values wjtlod accuracy. Only in a final phase of
balanced growth the calculated values are slighther than the experimental ones. It may
be supposed that when the growth substrate depleesicroorganisms utilize stocks of
energy stored in the first phastag phase) of cultivation. It seems to confirm the
conclusion of Nieder et al. [15] who noted that Wtele substrate, even that one sorbed in
the first phase of cultivation (ilag phase), was accessible for microorganisms inatterl
phases of growth

Conclusions

The presented work presents the issues associ#tednaking use of microorganisms
to remove the selected volatile organic compounithvivas the only source of carbon and
energy. A large experimental data base made itilles® estimate the constants of kinetic
equation, to determine the yield coefficient andntgmance parameters. The worked out
kinetic model was verified basing on our own expemtal data base. It should be
emphasized that the rate of biodegradation of ttwavilp substrate is one of the most
important stages of the processes taking placeoiredctor. The formulated relationships
are necessary to verify the mathematical modehefhioreactor since drawing up mass
balance of the compound removed from the air oragew regardless of the type of
a bioreactor, requires a knowledge of an express&ermining the biodegradation rate of
the removed pollutant.

The experiments showed high activity of tested adoganisms in the process of
biodegradation VA and relatively low sensitivityttte inhibitory influence of VA at higher
concentrations in solution (the high value K. Due to such feature, the examined
microorganisms may be recommended as biologicatniaain the processes of removing
VA from waste air and sewages.

To our knowledge this is the first elaboration ihigh the complete kinetic data for the
VA degradation by strain from genBseudomonas/as investigated.
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