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ABSTRACT: The aim of the study was to investigate the nutrient removal rate of three wastewater protozoan isolates
(Aspidisca, Trachelophyllum and Peranema). The study was carried out in a laboratory-scale batch reactor for a period
of 120 h. in a four batch study. Aliquot samples were withdrawn from the reactor every 24 h. for the analysis of
phosphate, nitrate, nitrite, ammonia, chemical oxygen demand, dissolved oxygen and pH, using standard methods. The
results obtained in the different batches among the three isolates showed PO4

2– removal rate ranging from 0.04 to 0.52
mg-PO4

2–/L/h. while NO3
– nitrate removal rates ranged from 0.08 to 0.16 mg-NO3

–/L /h. Also NO2
– and NH3 rates were

observed to range between 0.022 and 0.087 mg-NO2
–/L /h. 0.05 and 0.16 mg-NH3

–/L /h, respectively. For the
physicochemical parameters, there was no observed COD decrease; rather there was an increase and this was irrespective
of isolates and experimental batches. However, dissolved oxygen concentration decreased drastically (below 1 mg/L) at
the end of each batch while pH show a decrease after an initial 24 h. period and thereafter increased. This trend was also
irrespective of isolates and experimental batches. Overall, the study has been able to show the effect of the test isolates
on nutrient removal rates and other physicochemical parameters (COD, DO and pH) in activated sludge mixed liquor.
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INTRODUCTION
Nutrients in wastewater such as phosphates and

nitrogen compounds stimulate the growth of algae and
other photosynthetic aquatic life, which lead to
accelerated eutrophication of lakes and other natural
waters (Kortstee et al., 2000). Apart from stimulating
the growth of algae, eutrophication also causes
increased water purification cost, interference with the
recreational value of water, health risks to humans and
livestock, excessive loss of oxygen and undesirable
changes in aquatic populations (Kuba et al., 1997).
Biological nutrient removal from domestic and industrial
wastewaters is a key factor  in preventing
eutrophication and is one of the most economical and
efficient methods for nutrient removal (Behera et al.,
2007). The activated sludge process is the most widely
applied biological wastewater treatment process (Sidat
et al., 1999; Doorn et al., 2006; Okoh et al., 2007). The
importance of protozoa in wastewater treatment
involving activated sludge has been described in the
past (Salvado et al., 1995; Ratsak et al., 1996; Dola,
1997). Apart from the effectiveness of protozoa in

wastewater purifying process, due to their ability to
feed on dispersed bacteria, (thus eliminating them),
they are known to excrete mineral nutrients, including
nitrogen and phosphorus.

This process helps to recycle nutrients in the
activated sludge (Gerardi, 2007). The participation of
protozoa in the cycling of carbon and nutrients
(phosphorus and nitrogen) in aquatic systems and
activated sludge mixed liquor and to a lesser extent in
the soil has been studied in some detail (Taylor, 1982;
Zwart et al., 1994; Johanna et al., 1999).

Most of the previous studies that dealt with the
investigation of protozoa in nutrient removal from
activated sludge mixed liquor have been carried out
in shake flasks conditions (Salvado, 2001; Akpor et
al., 2007 and 2008). In shaking flask conditions,
experiments are run for a few days with a small volume
of mixed liquor. There is little information on the roles
and activities of protozoa in nutrient removal in
laboratory-scale reactors, which are operated at longer
times with a larger volume of mixed liquor.

This study was therefore aimed at investigating the
nutrient (phosphate, nitrate, ammonia and nitrite)
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removal rate of three wastewater protozoan isolates in
activated sludge mixed liquor in laboratory-scale
reactors; operated in batches. The effects of the
isolates on other physicochemical factors, such as
chemical oxygen demand (COD), dissolved oxygen
(DO) and pH values were also investigated

MATERIALS AND METHODS
Test organisms

Three test protozoan isolates were used for this
investigation. The isolates (Aspidisca,  Trachelophyllum
and Peranema) have previously been ascertained to
have nutrient removal ability under shake flask
conditions (Akpor et al., 2007). They were isolated from
the aerobic zone of Daasport Wastewater Treatment
Plant, Pretoria, South Africa in October 2006. The
present study was carried out between October 2007
and February 2008.

Experimental set up
Two laboratory-scale batch reactors (one inoculated

and a control), each made of perspex glass with 55 cm
height and 22 cm diameter were used for the study. The
schematic representation of the set up is shown in
Fig. 1.  Each reactor had a working volume capacity of
20 L. Prior to use, each reactor was sterilized, using 5 %
sodium hypochlorite for 24 h., after which it was rinsed
with sterile sodium thiosulphate solution before adding
sterile mixed liquor. For each isolate, the reactors
(inoculated and control) were operated for four batches,
with each batch running for 120 h.

At the expiration of each batch, the system was
allowed to settle, after which the mixed liquor was
sucked out, using suction with pumps previously
sterilized, as described above before fresh mixed liquor
was added to the reactor to start a new batch. The
contents of the reactors were kept in suspension by
means of stirrers (50 rpm) that were powered by an
electric motor attached to the reactor. Air was supplied
to the reactors by means of oxygen diffusers that have
previously been sterilized, as described above. All
reagents used were of analytical grade.

Operating conditions
Wastewater used for this investigation was collected

from the anaerobic zone of Daasport Wastewater
Treatment Plant in Pretoria, South Africa. The
wastewater (referred to as mixed liquor) was allowed to
settle, after which it was filtered, using Whatman No. 1
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×
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21  (1)

filter paper. After filtration, the following salts were
added: sodium acetate (to serve as carbon source),
magnesium sulphate, potassium nitrate, sodium nitrite,
and ammonium chloride, at concentrations of 5 g/L, 0.5
g/L, 0.18 g/L, 0.1 g/L and 0.1 g/L, respectively. The
mixed liquor was sterilized, using an autoclave and a
10 L quantity was then transferred to each reactor,
before inoculating with a rich culture of a single isolate.
The same procedure was repeated (for other isolates).
The control was left uninoculated at each stage. For
each isolate, the batch reactor for operated for four
batches with aeration and agitation for 120 h., per batch.

Analysis
At time zero and every 24 h., for the next 120 h. (for

each batch), aliquot sample (100 mL) was collected
aseptically from each reactor (by means of a sterile
pump), for the estimation of total phosphate, nitrate-
nitrogen, nitrite-nitrogen, total ammonia, COD, using
the ascorbic acid, salicylate, spectrophotometric,
titrimetric and closed reflux methods, respectively, as
described in standards methods (APHA, 2001). Other
parameters, such as pH and DO were analyzed using a
pH meter and an electric dissolved oxygen probe,
respectively. Nutrient removal and increase rates were
determined using the equation below:

Where C1 = Initial concentration (mg/L)
              C2 = Final concentration (mg/L)

RESULTS AND DISCUSSION
As shown in Fig. 2, phosphate removal rate among

the different isolates in the different batches reveal
removal rate that ranged from 0.34 to 0.52 mg-PO4/L/h.,
0.17 to 0.49 mg-PO4/L/h. and 0.04 to 0.48 mg-PO4/L/h.
in mixed liquor inoculated with Aspidisca,
Trachelophyllum and Peranema, respectively. Apart
from the case of Aspidisca, remarkable removal rates
were observed in all the batches, while lower values of
removal rates were observed in batches three and four
for mixedliquor inoculated with either Trachelophyllum
or Peranema.On the other hand, as can be seen in
Fig. 3, nitrate removal rates were observed to range
from 0.14 to 0.16 mg-NO3/L/h. for Aspidisca, 0.09 to
0.12 mg-NO3/L/h. for Trachelophyllum and 0.08 to 0.11
mg-NO3/L/h. for Peranema. Lowest values of nitrate
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Fig. 1: Schematic diagram of the batch reactors used for the study. A and B represent the inoculated and the uninoculated
reactors

removal rates were observed in batch three for both
Trachelophyllum and Peranema.

As was observed in phosphate removal rate,
remarkable nitrate removal was observed in all the
batches when Aspidisca was used as the inoculum.

All the isolates used in this study have been
ascertained to have nitrate and phosphate removal
ability in our previous investigation (Akpor et al., 2008).
The mixed liquor used was supplemented with sodium
acetate, to serve as a source of carbon for the isolates.

The choice of sodium acetate was deliberate since it
has been shown by previous investigators to be a
preferred carbon source for nutrient removal from
wastewater by microorganisms (Sang et al., 1997; Kargi
and Uygur, 2003). Another reason for the choice of
acetate was because nutrient removal process in
activated sludge is known to depend on the availability
of easily biodegradable carbon sources. Although the
amount of biodegradable carbon compounds cannot
be measured directly, various authors have proposed
different concentrations of readily biodegradable
carbon source in wastewater that could enhance
nutrient removal (Ekama et al., 1986; Morales et al.,
1991). This study has revealed varying nutrient removal
rates in the different experimental batches in the
reactors, among the different isolates. Phosphate
removal and release have been reported to occur in

fully aerobic conditions in sequencing batch reactors
if the aeration is prolonged. This may probably be due
to the depletion of carbon store in the cells, thus
resulting in the degradation of polyphosphate, which
can result in the beginning of a new carbon store build
up (Matuzevicius and Valentukeciene, 2007).

Simultaneous phosphate and nitrate removals were
observed in this investigation. Reports have shown
that complete denitrification is essential for phosphate
removal (Rybicki, 1997; Sang et al., 1997). Other studies
have shown that the schemes for nitrogen and
phosphorus removal have been reported to be closely
linked, both in positive and negative sense (Morales et
al., 1991). Simultaneous nitrate and phosphate removals
in similar investigation have been reported also by Lee
et al.,(2001). Although this was not investigated in this
study, nitrates are considered to have adverse effect
on phosphorus removing capacity of activated sludge.
Biological nitrogen removal from wastewater is also
reported to be based on the nitrification and
denitr ification process (Matuzevicius and
Valentukeciene, 2007).

The low phosphate removal rate observed in the
later batches in two of the isolates could be attributed
to a probable low cell synthesis in such batches.
Moosavi et al. (2005) have attributed phosphorus
removal to cell synthesis, hence suggested that

Air pump
Electric motor

Air pump

Air filter Air filter

Stirrer

A B



O. B. Akpor, et al.

466

Biological nutrient removal in laboratory-scale reactor

Fig. 2:  Variation of phosphate removal rate from mixed liquor inoculated with different isolates from
different batches (A= Aspidisca, B= Trachelophyllum, C= Peranema, D= uninoculated control)

Fig. 3: Variation of nitrate removal rate from mixed liquor inoculated with different isolates from
different batches (A= Aspidisca, B= Trachelophyllum, C= Peranema, D= uninoculated control)

increased phosphorus removal could be obtained in
reactors by possibly adding a biological suspended
growth system. Factors such as composition of
wastewater, oxygen supply and active sludge have
been recognized to have a positive and negative impact
on biological nutrient removal (Rybicki, 1997). The
detection of remarkable phosphate and nitrate uptake
rate in the earlier batches of this investigation has been
reported by earlier workers (Lee et al., 2001). Nitrates
in anaerobic zone are an important factor to be taken
into consideration, especially in the phosphorus
removal activated sludge during domestic wastewater
treatment. This could be due to the fact that in the

presence of nitrates, the substrates are metabolized
through oxidative fermentative pathways (Bitton, 1994).
Fig. 4 shows the variation of ammonia removal rate
from mixed liquor in the reactors among the different
isolates in the different batches. As seen, ammonia
removal rate ranged from 0.14 to 0.15 mg-NH3/L/h., 0.05
to 0.15 mg-NH3/L/hand 0.05 to 0.13 mg-NH3/L/h., for
Aspidisca, Trachelophyllum and Peranema,
respectively. Low ammonia removal rates were observed
in batch three when Trachelophyllum was used as
inoculum and in batche one when Peranema was used,
while in the case of Aspidisca, remarkable removal rates
were observed in all the batches.
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Fig. 4:  Variation of ammonia removal rate from mixed liquor inoculated with different isolates from different
batches (A= Aspidisca, B= Trachelophyllum, C= Peranema, D= uninoculated control)

Fig. 5:  Variation of nitrite removal rate from mixed liquor inoculated with different isolates from
different batches (A= Aspidisca, B= Trachelophyllum, C= Peranema, D= uninoculated control)

Fig. 6:  Variation of COD increase rate in mixed liquor inoculated with different isolates from different
batches (A= Aspidisca, B= Trachelophyllum, C= Peranema, D= uninoculated control)
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Initial: Concentrations at time 0 h., Final: Concentrations after 120 h. (end of each batch), A= Aspidisca, B= Trachelophyllum, C= Peranema, D- uninoculated
control. 1, 2, 3 and 4 represent the different experimental batches

Batches Isolates Initial (mg/L) Final (mg/L) 
1  A   3.95   0.36 

 B   4.55   0.22 

 C   3.30   0.21 

  D   3.11   2.22 
    

2  A   3.46   0.06 

  B   4.18   0.20 

  C   4.52   0.20 

  D   4.17   3.52 
    

3  A   3.17   0.14 

  B   3.16   0.16 

  C   4.00   0.14 

  D   4.14   2.78 
    

4  A   4.50   0.14 

  B   3.83   0.14 

  C   4.48   0.15 

  D   4.04   3.26 

 Initial: Concentrations at time 0 h., Final: Concentrations after 120 h. (end
of each batch), A= Aspidisca, B= Trachelophyllum, C= Peranema, D-
uninoculated control. 1, 2, 3, and 4 represent the different experimental
batches

Table 1: Variation  of concentrations of dissolved oxygen in
mixed liquor at the beginning and end of each batch
experiment (mg/L)

Batches Isolates 0 h. 24 h. 48 h. 72 h. 96 h. 120 h. 
1 A 9.2 8.3 8.5 8.6 8.7 8.7 
 B 9.0 8.4 8.3 8.6 8.7 8.8 
 C 8.8 8.1 8.6 8.9 8.8 8.8 
 D 8.7 8.7 8.7 8.7 8.7 8.7 
        

2 A 9.1 8.7 8.2 8.6 8.7 8.9 
 B 8.7 8.1 8.2 8.6 8.7 8.8 
 C 8.6 8.1 7.6 7.9 7.9 8.0 
 D 8.7 8.7 8.6 8.6 8.6 8.6 
        

3 A 8.9 8.3 9.0 8.7 8.9 8.9 
 B 8.8 8.0 8.3 8.7 8.5 8.5 
 C 8.7 8.3 8.7 8.8 8.9 8.7 
 D 8.7 8.8 8.7 8.7 8.8 8.8 
        

4 A 8.9 8.6 9.1 9.1 9.0 8.9 
 B 8.5 8.1 8.1 8.4 8.5 8.5 
 C 8.6 8.0 8.1 8.3 8.3 8.3 
 D 8.6 8.6 8.6 8.6 8.6 8.6 

 

 Tabl  2: Variation in mixed liquor pH at different sampling times during the different batches

As was observed in phosphate and nitrate removal,
a relatively high ammonia removal rate was observed
in the reactors inoculated with the respective isolates.
This was irrespective of the experimental batches. Some
studies have reported that with increasing ammonia
nitrogen above 1 mg/L in aerobic zone, concentrations
of phosphates also increase in the effluent to 1.5 mg/L
(Matuzevicius and Valentukeciene, 2007).

Although nitrite data for Aspidisca were not
reported due to experimental errors, as shown in Fig. 5
nitrite removal rates when Trachelophyllum and
Peranema were used as inoculum  ranged from 0.021
to 0.055 mg-NO2/L/h. and 0.004 to 0.087 mg-NO2/L/h.,
respectively. As was observed in both nitrate and
ammonia removal rates, lowest nitrite removal rates
were observed in batch three. This was irrespective of
the isolate used.

In this study, nitrite removal rate was observed to
be low when compared to phosphate and nitrate
removal. This was also irrespective of isolate used and
the experimental batch. Reports have shown that in
sequencing batch reactors, aerobic phosphate uptake
and nitrite removal are negatively correlated (Saito et
al., 2004). Although it is not clear, theoretically, nitrite
is reported to play a role as an electron acceptor in the
denitrification reaction, during nutrient uptake
(Meinhold et al., 1999).

As shown in Fig. 6, highest increase rates of 3.67
mg-COD/L/h., 3.23 mg-COD/L/h. were observed in batch
two when either Aspidisca or Trachelophyllum was

used and 2.95 mg-COD/L/h. in batch two when
Peranema was used.
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Chemical oxygen demand removal in mixed liquor
was not observed to decrease at the end of each
experimental batch, rather there was an increase. The
COD increase rates were observed to be high in the
later batches. Increase in COD in the presence of
sodium acetate as carbon source in mixed liquor, as
observed in this study have been reported elsewhere
(Akpor et al., 2008). As shown in Table 1, dissolved
oxygen concentrations in mixed liquor were observed
to decrease to values less than 1 mg/L, after 120 h.
reaction time in each batch. This decrease was
observed in all the batches and was irrespective of
isolates used. Although, this was not observed in this
study, some reports have shown that nitrite is only
utilized much quickly when nitrate concentration is
below 1.0 mg/L. Despite this was not investigated in
this study, nitrite is also reported to strongly inhibit
phosphate uptake activities in sequencing batch
reactors (Kuba et al., 1996).The pH values of mixed
liquor are shown in Table 2. As can be seen from the
table, there was a pH decrease after initial 24 h.
incubation before there was further progressive
increase. This was also irrespective of isolate used
and experiment batches (Table 2). This may have been
due to the residual dissolved oxygen at the start of
each batch, as indicated in the DO values.The
accumulation of CO2 from respiratory activity using
residual dissolved oxygen is reported to cause a
decrease in pH (Lee et al., 2001). The subsequent
increase in pH after the initial 24 h. may have been due
to utilization of residual dissolved oxygen as a result
of nutrient uptake, which is reported to consume H+ in
reactors (Lee et al., 2001; Saito   et al., 2004).

CONCLUSION
This study which was aimed at investigating the

nutrient removal rates by protozoan isolates from
activated sludge mixed liquor in batch reactors has
been able to reveal that:
1.The test protozoan isolates used for  this
investigation have the ability to remove phosphate
and nitrogen compounds form activated sludge mixed
liquor that is operated under aerobic conditions.
2. In the presence of the test isolates different nutrients
in activated sludge mixed liquor have different removal
rate with phosphate removal being the highest.
3. The rate of nutrient removal is dependent on the
isolate and the experimental batch for all of the
nutrients investigated.

4. None of the isolates used was able to show a decrease
in COD concentration of mixed liquor in the reactors,
rather there was an increase.
5. There is always an initial drop in pH of mixed liquor
within the first 24 h. while there is a gradual increase
against drastic decrease in DO concentrations at the
end of each experimental batch.

Overall, the study has been able to show the effect
of the test isolates on nutrient removal rates and other
physicochemical parameter (COD, DO and pH) in
activated sludge mixed liquor.
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