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Abstract

Acinetobacter calcoaceticugas 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 conditioAsiotobacter calcoaceticRRLB-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 chlorid
0.05 g/l) obtained by central composite design (CCD) protocols and verified in shake flask cultivations. Predicted and experimental dry cell
weights obtained using the optimized media were 2.046 and 2.54 g/l indicating 97% agreement. The optimal values of pH and temperatur
for growth and phosphate uptake were found to be 7.69 and 3C,8&spectively, using CCD. Batch kinetics was also established in shake
flask and fermenter using optimized medium and environmental conditions. Phosphate uptakes of 21 mg/g biomass and 36 mg/g biomass we
obtained in shake flask and fermenter, respectively. The possible inhibition of nutrients (carbon, nitrogen and phosphate) was also establishe
under shake flask cultivation conditions. Growth of the bacteria was inhibited at a concentration higher than 0.4% carbon and 0.6% nitrogen
However increasing concentration of phosphate did not show any inhibitory effect on growth. The above kinetics and inhibition data will
serve as suitable database for the development of a mathematical model for growth and its use will be able to facilitate appropriate reactc
design for the removal of phosphates from industrial effluents.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction ing aerobic zone. In conventional processes there is in-
volvement of cyclic anaerobic/aerobic phases, where anaer-
Nowadays phosphorous removal is being achieved by obic phase is needed to produce volatile fatty acids which
means of biological processes rather than chemical treatmentcts as substrates for phosphate-removing organisms like
methods although its investment costs are higher but annualAcinetobacterin activated sludge process under aerobic
operating costs are significantly lower, which proves to be conditions.
more beneficial on long-term basis. It has also been reported that under anaerobic conditions
Biological phosphorous removal (BPR) processes are no phosphate uptake occursAginetobactespp even when
based on the biochemical mechanisms called “luxury up- fed with acetatdl]. However, phosphorous uptake beyond
take” or “overplus accumulation” operated by poly-P bac- metabolic needs was detected in aerobic growtAafeto-
teria that foresee phosphorous release during anaerobidactereven when no phosphorous was released during the
phase and subsequent phosphorous uptake in excess duenaerobic phasfl]. Enhanced phosphate uptake in aero-
bic conditions byAcinetobacter calcoaceticus called as
* Corresponding author. Tel.: +91 11 26591010; fax: +91 11 26582282. .quury Uptake th?'t IS a larger phosphate upt_ake by grow-
E-mail addressesashokks@dbeb.iitd.ernet.in, ing bacteria than is strictly necessary for their normal cell
ashokiitd@hotmail.com (A.K. Srivastava). metabolism. The total phosphorous content of the cell is
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found to increase in early stages of growth. Polyphosphate Table 1
accumulation has been studied for various bacteria in ac-Concentration range of variables taken for statistical media optimization

tivated sludge and it has been found thstinetobacter Name Low level High level
has maximum capacity to accumulate it intracellulg@y. (A) CH3COON, (g/l) 1.00 5.00
They are said to accumulate large amount of polyphosphatesB) NH4Cl (g/1) 0.30 0.70

of 0.33-0.64mmol P/g dry cells or 0.9-1.9% of dry cell (C)KH2PQs (g/) 0.15 0.20
weight during the logarithmic stage of growitt]. The phos- EE)) gagg&z:éo(é%') 8:828 8:(1)28
phate content is reported to vary from 2 to 10% depend- (g) Trace metal (g/) 0.50 200X

ing on temperature, pH, growth rate and substrate limitation 3 —5 500375 ol

[3,4].

Basic knowledge of growth requirements, kinetic growth
coefficients and response to environmental stress is needed- Materials and methods
with respect to growth and phosphate uptake for this microor- ) ]
ganism, for process optimization in biological phosphate re- 2.1. Microorganism
moval process. For this purpose, media optimization has been
done for the growtiA\. calcoaceticus A. calcoaceticudlNRRL-B552 was used in the present
Conventionally fermentations were optimized by carrying Study. It was maintained on 2TY agar (1% yeast extract, 1%
out variation of one component at a time. But this approach tryptone, 0.5% sodium chloride and 2% agar) slants“al 5
is time consuming, assumes that the process variables dgnd subcultured monthly.
not interact and that the process response is a function of a
single parameter, which is varied. Unlike conventional opti- 2.2. Plackett-Burman design
mization, statistical optimization methods take into account
the interaction of variables in generating the response. One It is necessary to submit the process to an initial screen-
of the statistical designs for the screening of the indepen-ing design prior to optimization. The methodology of
dent variables was proposed by Plackett—-Burf#n This Plackett—-Burman is a tool for initial screening, since it makes
had been used in the present study. It is a two factorial de- it possible to pick up the relevant factors from a long list.
sign (a series of runs in which combination of two factor ~ The experimental design protocol was developed using
levels are included) and offers the screening of a large num-Design Expert software (Version 5.0.9) (Stat-Ease Corpo-
ber of independent factorNI in small number of experi_ ration, USA) The influence of six variables (as shown in
ments N+ 1). This step is followed by process optimization Table 3 on growth was investigated. Each variable was se-
tool, e.g. response surface methodology (RSM), is most oftenlected at two concentration levels, a high (+1) and a lew)(
used to determine the optimum response for a specific range(Table J on the basis of literature reports. The experimental
of variable conditions. In this case, the interaction of possi- Plan includes a design of 12 experimentslfle 3, which
ble influencing parameters of fermentation can be evaluatedwere done in duplicate and were conducted in 250 ml shake
with a limited number of planned experimef. A central ~ flask containing 50 ml media (pH 7.0). Actively grown log
composite design is usually used to acquire data that will fit Phase cells in 2% Luria Broth (LB) cultivated in Erlenmeyer
an empirical, polynomial model. A central composite experi- flask at 30°C and 150 rpm characterized by optical density
mental design coupled with a polynomial model is a powerful (0.d.) 0.35 (dilution factorD = 10) were used as inoculum,
combination that usually provides an adequate representatiorand then 5% v/v inoculum was added to media. The exper-
of most continuous response surfaces over a relatively broadments were conducted in Erlenmeyer flask incubated in an
factor domain[7]. The effect of environmental conditions incubator shaker rotating at 150 rpm for 24 h at'@0 The
(pH and temperature) on growth and phosphate uptake was
also studied and their optimal values were determined us-ryp;e 2
ing central composite design (CCD). Inhibition studies were Experimental design given by Plackett—Burman
conducted for studying the effect of increasing carbon, nitro- gyperiment A gy B (g) C(g) D(g/) E(gl) F(gl) DCW (gl)
gen and phosphate concentration on the growth rate of the

0.1 0.3 0.15 01 0.05 2.0 1.016

bacteria. These optimized nutrient and environmental con- , 01 07 02 005 005 10 0982
ditions were eventually used to study the kinetics of growth 3 01 07 015 005 002 20 1.027
and uptake of phosphate under shake flask and fermenter 4 05 03 02 005 002 10 2327
cultivations. 5 05 03 015 005 005 20 2758
The above experimental results will provide the needed 6 o1 07 02 01 002 20 1238
o X - o i 7 05 07 02 005 005 20 3.052
insight with respect to kinetics and inhibition of cultiva- g 05 07 015 01 002 10 2802
tion which will facilitate the development of a mathematical ¢ 01 03 02 01 005 1.0 1.132
model. The model will be able to predict suitable reactor oper- 10 05 03 02 01 002 20 2326
ating strategy for optimal phosphate removal from industrial 11 01 03 015 005 002 10 1071
12 05 07 015 01 005 10 2831

effluents.
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Table 3 Table 4
Experimental design for response surface methodology Experimental design for pH and temperature optimization by response sur-
Experiment CHCOONa NHCI CaCh-2H,O Response (DCW) face methodology
1 300 0.50 0.04 1.693 Experiment  pH Temperature DCW (g/l) Final phosphate
2 100 030 002 0.814 Q) L)
3 100 0.30 0.05 0.816 1 7.00  30.00 2.6122 0.0929
4 5.00 0.70 0.02 2.563 2 7.00  30.00 2.662 0.0969
5 3.00 0.50 0.04 1.8 3 6.00 25.00 0.2571 0.165
6 3.00 0.50 0.06 1.829 4 5,59  30.00 0.8194 0.1456
7 3.00 0.50 0.04 1.79 5 8.41  30.00 2.914 0.09
8 5.00 0.30 0.05 2.318 6 8.00 25.00 2.8542 0.071
9 100 0.70 0.05 0.806 7 7.00 22.93 2.646 0.0854
10 6.36 0.50 0.04 2.676 8 7.00  30.00 24911 0.0934
11 300 0.50 0.01 1.569 9 6.00 35.00 2.806 0.1004
12 300 0.16 0.04 1.657 10 8.00 35.00 2.644 0.09112
13 300 0.50 0.04 1.539 11 7.00 37.07 1.693 0.141
14 300 0.50 0.04 1.545 12 7.00 30.00 2.685 0.0905
15 300 0.84 0.04 1.701 13 7.00 30.00 2.708 0.106
16 300 0.50 0.04 1.536
17 —0.36 0.50 0.04 0.012
18 100 0.70 0.02 1.226 2.4. Optimization of environmental parameters (pH and
19 500 0.70 0.05 2.492 temperature)
20 500 0.30 0.02 2.051

Temperature and pH were also optimized for maximum

response (last column) studied was biomass (dry cell weightPiomass and phosphate uptake using RSMin the similar man-
ner as explained above. The experimental design in this case

(DCW)) (Table 3. These results were analysed by Design | X
Expert software to calculatevalues Table § on the basis of  included 13 experiments (represented by rowJadile 9.
which significant factors affecting the response (DCW) were Inoculum used was same as for the initial screening exper-

derived. Three components (namely sodium acetate, ammo_iments done using Plackett—Burman protocol. In this case

nium chioride, calcium chloride) in the decreasing order of 20 Ml optimized media obtained from the earlier studies (Sec-
positive t-values were selected for further optimization by tion 2.3 in 25(_) mi ErIen'meyer flask'was CUIt,“.’aIEd for24h
CCD. 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.

2.3. Response surface methodology (RSM)

Once the relevant factors having higlvalues 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 experimeméble 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 ®&ble 3represented
the medium recipe of each experiment. Inoculum used was
same as that for Plackett—Burman experiment. The flask was  C€llS Of one slant were added to 250 mi Erlenmeyer flask
kept in incubator shaker maintained at°8and rotated at containing S0ml of 2% LB med[a. The shake ﬂasl_< was
150 rpm. Design Expert software was used to generate modegrown in incubator shaker maintained at°8and rotating
equations and calculate their parameters. Model equations
were used to generate contour plots to understand the inter—ga'i.'e?’ d medi i
action of various factors. The response surface plots demon prMized media compostion

- : CH3COONa (g/l) 5.0
strated the relative effect of two variables on the responseNH4CI @ 0.67

2.5. Media used

Mineral salt media (MSM) used for shake flask and batch
studies on fermenter is as shownTiable 5 It was sterilized
in autoclave at 15 psi under 12 for 20 min.

2.6. Inoculum preparation for shake flask and fermenter

when the third factor was kept constant. A special feature of b, (1) 0175
the software, point-prediction, was used to determine the op-cacp-2H,0 (g/l) 0.05
timum values of the selected factors, seriously affecting the MgS0,-7H,0 (g/l) 0.075

growth. Trace metal (ml/I)3] 0.075
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at 150 rpm. Actively grown log phase cells of optical density using 2N NaOH taken in 11 Erlenmeyer flask. This was

0.35 O =10) were used as inoculum for media optimization, grown in shaker incubator maintained at 313and ro-

pH and temperature optimization and inhibition studies. For tated at 150 rpm. Samples were withdrawn at various in-

studying the kinetics of growth and phosphate uptake undertervals and were analysed for biomass, acetate, phosphate

optimized conditions in the Erlenmeyer flask and fermenter and nitrogen content till stationary phase (indicated by

the inoculum was prepared in two stages. Preinoculum con-constant DCW or optical density) was reached. Experi-

sisted of actively growing cells obtained in the similar man- ments were conducted in duplicate and average values are

ner as explained above. Cells from preinoculum were trans-reported.

ferred to the mineral salt medium (MSM) (optimum pH 7.69) Batch studies were done on 3.7 1 (working volume 21)

(Table 5, obtained from the optimization studies. This was lab-scale aerobic stirred tank reactor (Bioengineering AG,

grown at 31.8C, in an incubator shaker rotating at 150 rpm, Switzerland). Media and inoculum were prepared as de-

and 5% v/v inoculum was used for further cultivation studies. scribed above (Sectior?s5 and 2.§ Airflow rate was main-

tained at 1 vvm; stirrer was driven magnetically at 400 rpm
2.7. Substrate inhibition studies for carbon, nitrogen in order to provide adequate mixing without causing surface
and phosphate on growth turbulence. The dissolved oxygen was maintained between
50 and 55% by changing the rpm. Experiment was conducted

Experiments were performed using optimized media at constant temperature (32@) and pH 7.69 (maintained

(Table 5, with different concentrations of the inhibitory com- by 2 N NaOH and 2 N HCI). Samples were withdrawn at an

ponent. Growth inhibition by carbon was verified varying interval of 2 h for analysis.

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 outin3. Analytical methods

shake flasks and optical density measurements were done at

an hourly interval. Similarly inhibition by phosphate (potas- Cell growth was monitored by a Unicon Spectrophotome-

sium dihydrogen phosphate) was checked between the conter 930 (Kontron Instruments, Switzerland) by measuring the

centration ranges 0.02 and 0.4 g/l again keeping the otherabsorbance of samples at 600 nm. The Berthelot reaction

components at their optimized values. Inhibitory effect of [9,10] was used for the determination of ammonium ions.

nitrogen on growth was studied for concentrations of ammo- Acetate was determined by Nucon 5765 (AIMIL India Pvt.

nium chloride ranging between 0.2 and 3.0 g/l. Ltd., New Delhi) gas chromatograph with a flame ionization
All experiments were done in duplicate in 500 ml Erlen- detector (FID) on a Chromosorb 101 column. Nitrogen was

meyer flasks containing 100 ml of media (initial pH was set used as carrier gas. The temperatures of detector, injector and

at 7.69 using 2 N NaOH). The flasks were incubated in an in- oven were setat 200, 195 and T&1) respectively. Phosphate

cubator shaker maintained at 31@and rotated at 150 rpm.  was determined by converting it to a reduced form of phos-

After 5% inoculum was added to the media, samples were phomolybdate complex of blue color followed by measure-

withdrawn at an hourly interval for 10 h. A graph was plot- mentofo.d. at880 nm (ascorbic acid methidd)]. Polyphos-

ted between IX-InXy (Xo being the biomass concentra- phate content of the bacteria was estimated using ascorbic

tion at zero hour) versus time and from its slope specific acid method following digestion of cells for 30 minin 0.5N

growth rate was determined, whexdés DCW obtained for H,SOy at 100°C [12].

that concentration of component whose inhibitory effect on

growth was tested at different time interval. Finally from

this a plot for specific growth rate versus concentration of 4. Results and discussion

the inhibitory component under verification was prepared.

Luong model (tj = um(1 — P/Py)") was used to mathemat- 4.1. Plackett—-Burman design

ically describe the inhibition kinetic8] whereu = specific

growth rate at any C/N ratig,y, = maximum specific growth Table 2shows the distribution of the factor levels in the

rate,P=any C/N ratio,Py, = C/N ratio for complete inhibi- experiment and the data for the response (DCW) under study.

tion, n=constant. For determining the values of parameters Based onthe values of the response obtained, the data analysis

n and Py, a graph was plotted between-1(i/iumax) and was performed for the effect of the six parameters on growth

In P, slope of which yielded” and intercept was used to get  throught-values as given iffable 6 The factors having pos-

“Pm". itive and higheit-values have more significant effect on the
response. Itis apparent from the data that sodium acetate, am-

2.8. Study of growth kinetics using shake flask and monium chloride, magnesium sulphate, calcium chloride and

fermenter studies trace metals have positive coefficients hence show positive

effect on the growth oA. calcoaceticusvhereas phosphate
As described above, 5% of inoculum prepared in two did not have a significant effect on growth as indicated by
stages was added to 200 ml of MSMable 5(pH 7.69) its negativet-value. Maximum value of positive coefficient
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Table 6
t-Values obtained by the data analysis of Plackett—-Burman design

uptake gave cubic model equations as shown below on the
basis of the results obtained from the experimental design of

Factor t-Value RSM (Table 4:

(A) CH3COONa 1359

(B) NH,CI 152 DCW = +2.63 + 0.484 + 1.51B — 0.3542 — 0.20B2
(C) KH2PQOy —0.41 3 3

(D) MgSOy-7H,0 0.35 —0.694AB+0.134°—0.92B

(E) CaCh-2H,0 101

(F) Trace metal 36

POy concentration= +0.096— 0.0334 — 0.042B
+ 9.525E-03A42 + 6.225E-03B%2 +0.021AB
+7.577E-034% + 0.0318°

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 whereA is the pH andB the temperature.

the decreasing order of positive coefficient values for further
optimization studies by RSM.

4.2. Response surface methodology

4.2.1. Media optimization

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 showFiigs. 1 and 2Re-
sponses were also studied for all possible pH and temperature

After the Plackett—Burman design, CCD was used to de- combinations by using a particular feature (point prediction)
termine the optimum levels of the parameters for optimiza- of the design expert software. It allows the study of the re-
tion of growth. Using CCD, a total of 20 experiments with sponse described by the above equation, using independent
different combinations of sodium acetate, ammonium chlo- variation of one parameter at a time keeping the other fac-
ride and calcium chloride concentrations were performed (astors constant at a particular value. The optimized values for
described in Sectiof). The response taken was DCW after pH and temperature were found to be 7.69 and 31C3for
24 h as shown iTable 3 The results were analysed by De- which the predicted values for biomass and final phosphate
sign Expert software following linear model equation. The concentration by the software were 3.14 and 0.072 g/l, respec-
parameters of equation were obtained for growth in terms of tively. This was experimentally verified and actual biomass
most significant factors: and final phosphate concentrations were obtained as 3.06 and

0.077 g/l, respectively.
DCW = 41.62 + 0.75CHCOONa

+ 0.085NH;,Cl + 0.016CaC} - 2H,0 PO, conc

As can be seen, in the linear model the response was directly 35.00

proportional to all the factors taken, hence could not give pgsiGN-EXPERT Plot
a converging point as it happens in the case of a quadratic

or cubic model. Thus for the determination of the optimum  Actual Factors:
operating concentration, the predicted values of maximum X=pH
response possible from different combinations of the con- '=1eMP
centrations of the factors taken was studied by a particular
feature, “Numerical” of the design expert, it gave 10 solutions
for getting maximum response, i.e. DCW. All the 10 solutions
with their predicted results were experimentally verified and
the combination which gave 95% agreement between pre-
dicted and the experimental values of the response was taken
as the optimum concentration of the three factors (sodium ac-
etate 5.0 g/l, ammonium chloride 0.67 g/l, calcium chloride
0.05 g/l). Rest of the media components were kept constant at
their average values between their respective ranges of con-
centrations taken.

32.50 —

Temperature 34 gp

27.50

25.00
6.00

6.50

7.00 7.50 8.00

: . Lo H
4.2.2. Environmental condition optimization P

Response surface analysis done for optimization of pHandFgig. 1. contour plot showing combined effect of pH and temperature on
temperature for cumulative maximum DCW and phosphate phosphate concentration (g/l).
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Plot between specific growth rate vs. phosphate concentration.
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0.6
0.4
0.2
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Fig. 6. Plot between specific growth rate vs. nitrogen concentration.

Fig. 2. Contour plot showing combined effect of pH and temperature on
DCW (g/l).

0.8
0.6
0.4 .
0.2

Sp. growth rate (h)

o] 2 4 6 8
Carbon conc(g/l)

Similarly specific growth rates were determined for dif-

3 ferent phosphate concentrations and a plot was prepared be-
tween them[ig. 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 t§-axis.

For nitrogen the plot between specific growth rate and
nitrogen concentration is as shownFhig. 6, which shows
that at concentration levels higher than 0.6 g/l, there is growth

inhibition, which becomes constant at concentrations above

Fig. 3. Plot showing effect of increasing carbon concentration on specific 2 g/|_
growth rate.

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

4.4. Kinetics of growth in shake flask and fermenter

To study the growth and phosphate uptake kinetics under

Fig. 3shows inhibition of growth above 0.4 g/l of carbon,

optimized conditions shake flask cultivation was conducted.

which eventually becomes constant at concentrations higherThe. trend of Bmmass,ﬁpi)ho?p:;uﬂate. uptakgland acetgte_cogcen—
than 4.0 g/l. From the same data, plot was obtained for Spe_tratlons can be seen lg. 7. Maximum biomass obtaine

cific growth rate versus C/N ratio, as shownFiy. 4. It is
clear from the plot that inhibition begins from 0.6 C/N ratio

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-

and specific growth rate becomes constant at ratios higheretate was consumed out of 5.4 g/l fed initially. The remaining_
than 7.0. This plot was used to get the value of parametersunconsumed acetate may be due to uncontrolled pH condi-

n=0.3162 and (C/N)=30.96 g/l, ratio at complete inhibi-
tion, i.e. where specific growth rate becomes zero.

Acetate (g/l)

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

10

C/N ratio

€ 9 =
2os 2
% 0.4 s o
> 0.2

& 0~ : ; ; )

20

tions in the shake flask. In shake flask 42% of phosphate

el
13

Phosphate (g/1)
Nitrogen (g/l)

0 5 10 15 20 25 30 35 40 45

-0

Time(hr)

| + biomass (g/) ® acetate (g/) a phosphate (g/l) x n'ﬂrogen(gff)l

F

ig. 7. Nutrient profile in shake flask cultivation.
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6 0.7 CH3COONa (5.0 g/l), NHCI (0.67 g/l), KH,POy (0.175 g/l),
=_5 06~ MgSQy-7H,O (0.075g/l), CaGl-2H,O (0.05g/l), trace
o o (0.075 mi).
§ g8 03< > Optimized environmental conditions of pH and tempera-
a f 028 = ture for maximum growth and phosphate removal obtained

N ; ‘3'1 & were 7.69 and 31.8&C, respectively.

0 5 10 15 20 Growth was inhibited at a concentration of carbon greater
Time(h) 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

|+biomass(gfl) —=—acetate(g/l) —«— phosphate(g/l) +nilrogen(gfl)‘

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 | lab-scale

fermenter. The nutrient profile for the cultivation is shown
in Fig. 8 Higher amount of biomass (4.08g/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-

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

menter, i.e. 36 mg of phosphate could be removed per gram Ofeffluents.

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
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