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Abstract

Acinetobacter calcoaceticuswas cultivated in a well-aerated stirred tank reactor and its phosphate uptake capacity was investigated. Statis-
tical media optimization was done to figure out favourable growth conditions ofAcinetobacter calcoaceticusNRRLB-552. Plackett–Burman
design was used to figure out the key nutrients (sodium acetate, ammonium chloride and calcium chloride) featuring high growth and/or up-
take of phosphate. The optimal concentrations for these nutrients were (sodium acetate 5.0 g/l, ammonium chloride 0.67 g/l, calcium chloride
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.05 g/l) obtained by central composite design (CCD) protocols and verified in shake flask cultivations. Predicted and experimen
eights obtained using the optimized media were 2.046 and 2.54 g/l indicating 97% agreement. The optimal values of pH and te

or growth and phosphate uptake were found to be 7.69 and 31.86◦C, respectively, using CCD. Batch kinetics was also established in
ask and fermenter using optimized medium and environmental conditions. Phosphate uptakes of 21 mg/g biomass and 36 mg/g b
btained in shake flask and fermenter, respectively. The possible inhibition of nutrients (carbon, nitrogen and phosphate) was also
nder shake flask cultivation conditions. Growth of the bacteria was inhibited at a concentration higher than 0.4% carbon and 0.6%
owever increasing concentration of phosphate did not show any inhibitory effect on growth. The above kinetics and inhibition
erve as suitable database for the development of a mathematical model for growth and its use will be able to facilitate appropr
esign for the removal of phosphates from industrial effluents.
2004 Elsevier Inc. All rights reserved.

eywords:Phosphate uptake;Acinetobacter calcoaceticus; Aerobic conditions

. Introduction

Nowadays phosphorous removal is being achieved by
eans of biological processes rather than chemical treatment
ethods although its investment costs are higher but annual
perating costs are significantly lower, which proves to be
ore beneficial on long-term basis.
Biological phosphorous removal (BPR) processes are

ased on the biochemical mechanisms called “luxury up-
ake” or “overplus accumulation” operated by poly-P bac-
eria that foresee phosphorous release during anaerobic
hase and subsequent phosphorous uptake in excess dur-
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ing aerobic zone. In conventional processes there i
volvement of cyclic anaerobic/aerobic phases, where a
obic phase is needed to produce volatile fatty acids w
acts as substrates for phosphate-removing organism
Acinetobacterin activated sludge process under aer
conditions.

It has also been reported that under anaerobic cond
no phosphate uptake occurs byAcinetobacterspp even whe
fed with acetate[1]. However, phosphorous uptake beyo
metabolic needs was detected in aerobic growth ofAcineto-
bactereven when no phosphorous was released durin
anaerobic phase[1]. Enhanced phosphate uptake in a
bic conditions byAcinetobacter calcoaceticusis called as
“luxury uptake” that is a larger phosphate uptake by gr
ing bacteria than is strictly necessary for their normal
metabolism. The total phosphorous content of the ce
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found to increase in early stages of growth. Polyphosphate
accumulation has been studied for various bacteria in ac-
tivated sludge and it has been found thatAcinetobacter
has maximum capacity to accumulate it intracellularly[2].
They are said to accumulate large amount of polyphosphates
of 0.33–0.64 mmol P/g dry cells or 0.9–1.9% of dry cell
weight during the logarithmic stage of growth[1]. The phos-
phate content is reported to vary from 2 to 10% depend-
ing on temperature, pH, growth rate and substrate limitation
[3,4].

Basic knowledge of growth requirements, kinetic growth
coefficients and response to environmental stress is needed
with respect to growth and phosphate uptake for this microor-
ganism, for process optimization in biological phosphate re-
moval process. For this purpose, media optimization has been
done for the growthA. calcoaceticus.

Conventionally fermentations were optimized by carrying
out variation of one component at a time. But this approach
is time consuming, assumes that the process variables do
not interact and that the process response is a function of a
single parameter, which is varied. Unlike conventional opti-
mization, statistical optimization methods take into account
the interaction of variables in generating the response. One
of the statistical designs for the screening of the indepen-
dent variables was proposed by Plackett–Burman[5]. This
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Table 1
Concentration range of variables taken for statistical media optimization

Name Low level High level

(A) CH3COONa (g/l) 1.00 5.00
(B) NH4Cl (g/l) 0.30 0.70
(C) KH2PO4 (g/l) 0.15 0.20
(D) MgSO47H2O (g/l) 0.050 0.100
(E) CaCl2·2H2O (g/l) 0.020 0.050
(F) Trace metal (g/l) 0.50X 2.00X

X= 0.000375 g/l.

2. Materials and methods

2.1. Microorganism

A. calcoaceticusNRRL-B552 was used in the present
study. It was maintained on 2TY agar (1% yeast extract, 1%
tryptone, 0.5% sodium chloride and 2% agar) slants at 5◦C
and subcultured monthly.

2.2. Plackett–Burman design

It is necessary to submit the process to an initial screen-
ing design prior to optimization. The methodology of
Plackett–Burman is a tool for initial screening, since it makes
it possible to pick up the relevant factors from a long list.

The experimental design protocol was developed using
Design Expert software (Version 5.0.9) (Stat-Ease Corpo-
ration, USA). The influence of six variables (as shown in
Table 1) on growth was investigated. Each variable was se-
lected at two concentration levels, a high (+1) and a low (−1)
(Table 1) on the basis of literature reports. The experimental
plan includes a design of 12 experiments (Table 2), which
were done in duplicate and were conducted in 250 ml shake
flask containing 50 ml media (pH 7.0). Actively grown log
phase cells in 2% Luria Broth (LB) cultivated in Erlenmeyer
fl ◦ sity
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ad been used in the present study. It is a two factoria
ign (a series of runs in which combination of two fac
evels are included) and offers the screening of a large n
er of independent factors (N) in small number of exper
ents (N+ 1). This step is followed by process optimizat

ool, e.g. response surface methodology (RSM), is most
sed to determine the optimum response for a specific r
f variable conditions. In this case, the interaction of po
le influencing parameters of fermentation can be evalu
ith a limited number of planned experiments[6]. A centra
omposite design is usually used to acquire data that w
n empirical, polynomial model. A central composite exp
ental design coupled with a polynomial model is a powe

ombination that usually provides an adequate represen
f most continuous response surfaces over a relatively b

actor domain[7]. The effect of environmental conditio
pH and temperature) on growth and phosphate uptake
lso studied and their optimal values were determined

ng central composite design (CCD). Inhibition studies w
onducted for studying the effect of increasing carbon, n
en and phosphate concentration on the growth rate o
acteria. These optimized nutrient and environmental
itions were eventually used to study the kinetics of gro
nd uptake of phosphate under shake flask and ferm
ultivations.

The above experimental results will provide the nee
nsight with respect to kinetics and inhibition of cultiv
ion which will facilitate the development of a mathemat
odel. The model will be able to predict suitable reactor o
ting strategy for optimal phosphate removal from indus
ffluents.
ask at 30 C and 150 rpm characterized by optical den
o.d.) 0.35 (dilution factor,D= 10) were used as inoculu
nd then 5% v/v inoculum was added to media. The ex

ments were conducted in Erlenmeyer flask incubated
ncubator shaker rotating at 150 rpm for 24 h at 30◦C. The

able 2
xperimental design given by Plackett–Burman

xperiment A (g/l) B (g/l) C (g/l) D (g/l) E (g/l) F (g/l) DCW (g/l

1 0.1 0.3 0.15 0.1 0.05 2.0 1.016
2 0.1 0.7 0.2 0.05 0.05 1.0 0.982
3 0.1 0.7 0.15 0.05 0.02 2.0 1.027
4 0.5 0.3 0.2 0.05 0.02 1.0 2.327
5 0.5 0.3 0.15 0.05 0.05 2.0 2.758
6 0.1 0.7 0.2 0.1 0.02 2.0 1.238
7 0.5 0.7 0.2 0.05 0.05 2.0 3.052
8 0.5 0.7 0.15 0.1 0.02 1.0 2.802
9 0.1 0.3 0.2 0.1 0.05 1.0 1.132
0 0.5 0.3 0.2 0.1 0.02 2.0 2.326
1 0.1 0.3 0.15 0.05 0.02 1.0 1.071
2 0.5 0.7 0.15 0.1 0.05 1.0 2.831
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Table 3
Experimental design for response surface methodology

Experiment CH3COONa NH4Cl CaCl2·2H2O Response (DCW)

1 3.00 0.50 0.04 1.693
2 1.00 0.30 0.02 0.814
3 1.00 0.30 0.05 0.816
4 5.00 0.70 0.02 2.563
5 3.00 0.50 0.04 1.8
6 3.00 0.50 0.06 1.829
7 3.00 0.50 0.04 1.79
8 5.00 0.30 0.05 2.318
9 1.00 0.70 0.05 0.806

10 6.36 0.50 0.04 2.676
11 3.00 0.50 0.01 1.569
12 3.00 0.16 0.04 1.657
13 3.00 0.50 0.04 1.539
14 3.00 0.50 0.04 1.545
15 3.00 0.84 0.04 1.701
16 3.00 0.50 0.04 1.536
17 −0.36 0.50 0.04 0.012
18 1.00 0.70 0.02 1.226
19 5.00 0.70 0.05 2.492
20 5.00 0.30 0.02 2.051

response (last column) studied was biomass (dry cell weight
(DCW)) (Table 2). These results were analysed by Design
Expert software to calculatet-values (Table 6) on the basis of
which significant factors affecting the response (DCW) were
derived. Three components (namely sodium acetate, ammo-
nium chloride, calcium chloride) in the decreasing order of
positive t-values were selected for further optimization by
CCD.

2.3. Response surface methodology (RSM)

Once the relevant factors having hight-values were se-
lected by Plackett–Burman design, the RSM was used to de-
termine the optimum concentration of these factors affecting
cell growth, rest of the factors being kept at a constant level.
CCD developed using Design Expert software (Version 5.0.9,
Stat-Ease Corporation, USA) was used to optimize the con-
centration of the factors selected from Plackett–Burman De-
sign. The design included a set of 20 experiments (Table 3).
Response taken was dry cell weight at the end of 24 h. Ex-
periments were conducted in 250 ml Erlenmeyer flask con-
taining 50 ml media (pH 7.0), the rows ofTable 3represented
the medium recipe of each experiment. Inoculum used was
same as that for Plackett–Burman experiment. The flask was
kept in incubator shaker maintained at 30◦C and rotated at
1 odel
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Table 4
Experimental design for pH and temperature optimization by response sur-
face methodology

Experiment pH Temperature
(◦C)

DCW (g/l) Final phosphate
(g/l)

1 7.00 30.00 2.6122 0.0929
2 7.00 30.00 2.662 0.0969
3 6.00 25.00 0.2571 0.165
4 5.59 30.00 0.8194 0.1456
5 8.41 30.00 2.914 0.09
6 8.00 25.00 2.8542 0.071
7 7.00 22.93 2.646 0.0854
8 7.00 30.00 2.4911 0.0934
9 6.00 35.00 2.806 0.1004

10 8.00 35.00 2.644 0.09112
11 7.00 37.07 1.693 0.141
12 7.00 30.00 2.685 0.0905
13 7.00 30.00 2.708 0.106

2.4. Optimization of environmental parameters (pH and
temperature)

Temperature and pH were also optimized for maximum
biomass and phosphate uptake using RSM in the similar man-
ner as explained above. The experimental design in this case
included 13 experiments (represented by rows ofTable 4).
Inoculum used was same as for the initial screening exper-
iments done using Plackett–Burman protocol. In this case
50 ml optimized media obtained from the earlier studies (Sec-
tion 2.3) in 250 ml Erlenmeyer flask was cultivated for 24 h
at the respective experimental design conditions of pH and
temperature. The results obtained were analysed by Design
Expert software protocols to facilitate statistical analysis. As
explained above model development, contour plots and point-
prediction feature of the software were studied to deduce the
optimum conditions of temperature and pH for growth and
phosphate uptake.

2.5. Media used

Mineral salt media (MSM) used for shake flask and batch
studies on fermenter is as shown inTable 5. It was sterilized
in autoclave at 15 psi under 121◦C for 20 min.
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50 rpm. Design Expert software was used to generate m
quations and calculate their parameters. Model equa
ere used to generate contour plots to understand the
ction of various factors. The response surface plots de
trated the relative effect of two variables on the resp
hen the third factor was kept constant. A special featu

he software, point-prediction, was used to determine th
imum values of the selected factors, seriously affecting
rowth.
.6. Inoculum preparation for shake flask and fermente

Cells of one slant were added to 250 ml Erlenmeyer
ontaining 50 ml of 2% LB media. The shake flask w
rown in incubator shaker maintained at 30◦C and rotating

able 5
ptimized media composition

H3COONa (g/l) 5.0
H4Cl (g/l) 0.67
H2PO4 (g/l) 0.175
aCl2·2H2O (g/l) 0.05
gSO4·7H2O (g/l) 0.075
race metal (ml/l)[3] 0.075
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at 150 rpm. Actively grown log phase cells of optical density
0.35 (D= 10) were used as inoculum for media optimization,
pH and temperature optimization and inhibition studies. For
studying the kinetics of growth and phosphate uptake under
optimized conditions in the Erlenmeyer flask and fermenter
the inoculum was prepared in two stages. Preinoculum con-
sisted of actively growing cells obtained in the similar man-
ner as explained above. Cells from preinoculum were trans-
ferred to the mineral salt medium (MSM) (optimum pH 7.69)
(Table 5), obtained from the optimization studies. This was
grown at 31.8◦C, in an incubator shaker rotating at 150 rpm,
and 5% v/v inoculum was used for further cultivation studies.

2.7. Substrate inhibition studies for carbon, nitrogen
and phosphate on growth

Experiments were performed using optimized media
(Table 5), with different concentrations of the inhibitory com-
ponent. Growth inhibition by carbon was verified varying
the carbon (sodium acetate) concentration between 0.25 and
10.0 g/l keeping the other media components at their opti-
mized concentration values. Experiments were carried out in
shake flasks and optical density measurements were done at
an hourly interval. Similarly inhibition by phosphate (potas-
sium dihydrogen phosphate) was checked between the con-
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using 2 N NaOH taken in 1 l Erlenmeyer flask. This was
grown in shaker incubator maintained at 31.8◦C and ro-
tated at 150 rpm. Samples were withdrawn at various in-
tervals and were analysed for biomass, acetate, phosphate
and nitrogen content till stationary phase (indicated by
constant DCW or optical density) was reached. Experi-
ments were conducted in duplicate and average values are
reported.

Batch studies were done on 3.7 l (working volume 2 l)
lab-scale aerobic stirred tank reactor (Bioengineering AG,
Switzerland). Media and inoculum were prepared as de-
scribed above (Sections2.5 and 2.6). Airflow rate was main-
tained at 1 vvm; stirrer was driven magnetically at 400 rpm
in order to provide adequate mixing without causing surface
turbulence. The dissolved oxygen was maintained between
50 and 55% by changing the rpm. Experiment was conducted
at constant temperature (31.8◦C) and pH 7.69 (maintained
by 2 N NaOH and 2 N HCl). Samples were withdrawn at an
interval of 2 h for analysis.

3. Analytical methods

Cell growth was monitored by a Unicon Spectrophotome-
ter 930 (Kontron Instruments, Switzerland) by measuring the
a ction
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entration ranges 0.02 and 0.4 g/l again keeping the
omponents at their optimized values. Inhibitory effec
itrogen on growth was studied for concentrations of am
ium chloride ranging between 0.2 and 3.0 g/l.

All experiments were done in duplicate in 500 ml Erl
eyer flasks containing 100 ml of media (initial pH was
t 7.69 using 2 N NaOH). The flasks were incubated in a
ubator shaker maintained at 31.8◦C and rotated at 150 rpm
fter 5% inoculum was added to the media, samples
ithdrawn at an hourly interval for 10 h. A graph was p

ed between lnX–lnX0 (X0 being the biomass concent
ion at zero hour) versus time and from its slope spe
rowth rate was determined, whereX is DCW obtained fo

hat concentration of component whose inhibitory effec
rowth was tested at different time interval. Finally fr

his a plot for specific growth rate versus concentratio
he inhibitory component under verification was prepa
uong model (µi =µm(1−P/Pm)n) was used to mathema

cally describe the inhibition kinetics[8] whereµ = specific
rowth rate at any C/N ratio,µm = maximum specific growt
ate,P= any C/N ratio,Pm = C/N ratio for complete inhibi
ion, n= constant. For determining the values of parame

andPm, a graph was plotted between 1− (µi /µmax) and
nP, slope of which yielded “n” and intercept was used to g
Pm”.

.8. Study of growth kinetics using shake flask and
ermenter studies

As described above, 5% of inoculum prepared in
tages was added to 200 ml of MSM (Table 5)(pH 7.69)
bsorbance of samples at 600 nm. The Berthelot rea
9,10] was used for the determination of ammonium io
cetate was determined by Nucon 5765 (AIMIL India P
td., New Delhi) gas chromatograph with a flame ioniza
etector (FID) on a Chromosorb 101 column. Nitrogen
sed as carrier gas. The temperatures of detector, inject
ven were set at 200, 195 and 180◦C, respectively. Phospha
as determined by converting it to a reduced form of p
homolybdate complex of blue color followed by meas
ent of o.d. at 880 nm (ascorbic acid method)[11]. Polyphos
hate content of the bacteria was estimated using asc
cid method following digestion of cells for 30 min in 0.5
2SO4 at 100◦C [12].

. Results and discussion

.1. Plackett–Burman design

Table 2shows the distribution of the factor levels in
xperiment and the data for the response (DCW) under s
ased on the values of the response obtained, the data an
as performed for the effect of the six parameters on gr

hrought-values as given inTable 6. The factors having po
tive and highert-values have more significant effect on
esponse. It is apparent from the data that sodium acetat
onium chloride, magnesium sulphate, calcium chloride

race metals have positive coefficients hence show po
ffect on the growth ofA. calcoaceticuswhereas phospha
id not have a significant effect on growth as indicated

ts negativet-value. Maximum value of positive coefficie
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Table 6
t-Values obtained by the data analysis of Plackett–Burman design

Factor t-Value

(A) CH3COONa 13.59
(B) NH4Cl 1.52
(C) KH2PO4 −0.41
(D) MgSO4·7H2O 0.35
(E) CaCl2·2H2O 1.01
(F) Trace metal 0.36

was for sodium acetate, which is well understood by the fact
of carbon source requirement for growth. Based on the re-
sults of Plackett–Burman, three parameters (sodium acetate,
ammonium chloride and calcium chloride) were identified in
the decreasing order of positive coefficient values for further
optimization studies by RSM.

4.2. Response surface methodology

4.2.1. Media optimization
After the Plackett–Burman design, CCD was used to de-

termine the optimum levels of the parameters for optimiza-
tion of growth. Using CCD, a total of 20 experiments with
different combinations of sodium acetate, ammonium chlo-
ride and calcium chloride concentrations were performed (as
described in Section2). The response taken was DCW after
24 h as shown inTable 3. The results were analysed by De-
sign Expert software following linear model equation. The
parameters of equation were obtained for growth in terms of
most significant factors:

DCW = +1.62 + 0.75CH3COONa

+ 0.085NH4Cl + 0.016CaCl2 · 2H2O

As can be seen, in the linear model the response was directly
p give
a ratic
o um
o um
r con-
c cular
f ions
f ons
w and
t pre-
d taken
a ac-
e ride
0 ant at
t f con-
c

4
and

t hate

uptake gave cubic model equations as shown below on the
basis of the results obtained from the experimental design of
RSM (Table 4):

DCW = +2.63 + 0.48A + 1.51B − 0.35A2 − 0.20B2

− 0.69AB + 0.13A3 − 0.92B3

PO4 concentration= +0.096− 0.033A − 0.042B

+ 9.525E−03A2 + 6.225E−03B2 + 0.021AB

+ 7.577E−03A3 + 0.031B3

whereA is the pH andB the temperature.
For the determination of optimum operating conditions

and analysis of the interaction of factors on growth and max-
imum phosphate uptake, the response surface was studied
in detail, the interacting effect of pH and temperature can
be seen through contour plots as shown inFigs. 1 and 2. Re-
sponses were also studied for all possible pH and temperature
combinations by using a particular feature (point prediction)
of the design expert software. It allows the study of the re-
sponse described by the above equation, using independent
variation of one parameter at a time keeping the other fac-
t s for
p
w hate
c spec-
t ass
a 6 and
0

F e on
p

roportional to all the factors taken, hence could not
converging point as it happens in the case of a quad

r cubic model. Thus for the determination of the optim
perating concentration, the predicted values of maxim
esponse possible from different combinations of the
entrations of the factors taken was studied by a parti
eature, “Numerical” of the design expert, it gave 10 solut
or getting maximum response, i.e. DCW. All the 10 soluti
ith their predicted results were experimentally verified

he combination which gave 95% agreement between
icted and the experimental values of the response was
s the optimum concentration of the three factors (sodium
tate 5.0 g/l, ammonium chloride 0.67 g/l, calcium chlo
.05 g/l). Rest of the media components were kept const

heir average values between their respective ranges o
entrations taken.

.2.2. Environmental condition optimization
Response surface analysis done for optimization of pH

emperature for cumulative maximum DCW and phosp
ors constant at a particular value. The optimized value
H and temperature were found to be 7.69 and 31.86◦C for
hich the predicted values for biomass and final phosp
oncentration by the software were 3.14 and 0.072 g/l, re
ively. This was experimentally verified and actual biom
nd final phosphate concentrations were obtained as 3.0
.077 g/l, respectively.

ig. 1. Contour plot showing combined effect of pH and temperatur
hosphate concentration (g/l).
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Fig. 2. Contour plot showing combined effect of pH and temperature on
DCW (g/l).

Fig. 3. Plot showing effect of increasing carbon concentration on specific
growth rate.

4.3. Substrate inhibition studies for carbon, nitrogen
and phosphate on growth

Fig. 3shows inhibition of growth above 0.4 g/l of carbon,
which eventually becomes constant at concentrations higher
than 4.0 g/l. From the same data, plot was obtained for spe-
cific growth rate versus C/N ratio, as shown inFig. 4. It is
clear from the plot that inhibition begins from 0.6 C/N ratio
and specific growth rate becomes constant at ratios higher
than 7.0. This plot was used to get the value of parameters
n= 0.3162 and (C/N)m = 30.96 g/l, ratio at complete inhibi-
tion, i.e. where specific growth rate becomes zero.

Fig. 4. Plot between specific growth rate vs. C/N ratio.

Fig. 5. Plot between specific growth rate vs. phosphate concentration.

Fig. 6. Plot between specific growth rate vs. nitrogen concentration.

Similarly specific growth rates were determined for dif-
ferent phosphate concentrations and a plot was prepared be-
tween them (Fig. 5). It was clear from the graph that increas-
ing concentration of phosphate did not show any inhibitory
effect on growth rate as evident from the straight line ob-
tained, almost parallel toX-axis.

For nitrogen the plot between specific growth rate and
nitrogen concentration is as shown inFig. 6, which shows
that at concentration levels higher than 0.6 g/l, there is growth
inhibition, which becomes constant at concentrations above
2 g/l.

4.4. Kinetics of growth in shake flask and fermenter

To study the growth and phosphate uptake kinetics under
optimized conditions shake flask cultivation was conducted.
The trend of biomass, phosphate uptake and acetate concen-
trations can be seen inFig. 7. Maximum biomass obtained
was 3.34 g/l with final phosphate concentration of 0.083 g/l
towards the end of fermentation, and 3.97 g/l of sodium ac-
etate was consumed out of 5.4 g/l fed initially. The remaining
unconsumed acetate may be due to uncontrolled pH condi-
tions in the shake flask. In shake flask 42% of phosphate
Fig. 7. Nutrient profile in shake flask cultivation.
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Fig. 8. Nutrient profile obtained in batch reactor.

could be removed, in other words 21 mg of phosphate could
be removed per gram of cell.

Batch studies were also conducted on a 3.7 l lab-scale
fermenter. The nutrient profile for the cultivation is shown
in Fig. 8. Higher amount of biomass (4.08 g/l) was ob-
tained in fermenter resulting in a better acetate uptake upto
4.31 g/l. Phosphate removal upto 78% was achieved in the fer-
menter, i.e. 36 mg of phosphate could be removed per gram of
biomass from the media. Controlled pH and temperature con-
ditions, which is possible only under bioreactor and optimum
growth medium, could be the reason for better results in the
bioreactor. The result obtained in the present study are com-
parable to the aerobic batch studies done by Ghigliazza et al.
[1] in which a phosphate removal efficiency of 75–80% was
obtained and in another such work done by the same authors,
including aerobic CSTR resulting in phosphate removal upto
85% has been reported for the cultureA. lwoffi. Momba and
Cloete[3] found that it could remove 34% of the phosphate
in activated sludge. However, it has been referred in liter-
ature thatA. calcoaceticusfeatures polyphosphate granules
formation under different cultivation conditions[1,4] there-
fore it will be advantageous to studyA. calcoaceticusgrowth
in detail. This procedure can avoid the complexity of the del-
icate process of recirculating the sludge in the presence of
alternated anaerobic/aerobic conditions.

5

cess
i n an
a
c esti-
g

t was
d thod-
o as

CH3COONa (5.0 g/l), NH4Cl (0.67 g/l), KH2PO4 (0.175 g/l),
MgSO4·7H2O (0.075 g/l), CaCl2·2H2O (0.05 g/l), trace
(0.075 ml/l).

Optimized environmental conditions of pH and tempera-
ture for maximum growth and phosphate removal obtained
were 7.69 and 31.86◦C, respectively.

Growth was inhibited at a concentration of carbon greater
than 0.4 g/l, nitrogen greater than 0.6 g/l, however only par-
tial inhibition was observed and increasing concentration of
phosphate did not show any inhibitory effect on growth.

Shake flask cultivation under optimized conditions re-
sulted in phosphate uptake of 21 mg/g biomass that is 42%
phosphate removal while in fermenter the phosphate uptake
improved to a value of 36 mg/g biomass hence 78% removal
of phosphate was achieved.

Batch kinetic data and inhibition studies conducted in this
investigation will be highly useful in the development of
mathematical model which can facilitate the design of eco-
nomic reactor operating strategy for treatment of industrial
effluents.
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