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Abstract: This study was aimed at investigating the effect of nine different nutrient/carbon supplements in
mixed liquor on nutrient uptake ability of three wastewater protozoan isolates, which have previously been
screened for phosphate and nitrate uptake efficiency. The results revealed that over 50% of phosphate was
removed in the presence of sodium acetate, glucose or sucrose. Similarly, mtrate uptake of over 60% was
observed in the presence of sodium acetate, sodium succinate, glucose or sucrose. These trends were common

m all the 1solates. Chemical Oxygen Demand (COD) removal in the mixed liquor was only found to be
significantly removed in mixed liquors that were supplemented with glucose, sucrose or sodium succinate. In
the presence of sodium acetate, COD was observed to increase. The findings of this investigation have revealed
that nutrient uptake and COD removal by the test protozoan 1solates may be dependent primarily on the mitial

nutrient supplement in mixed liquor.
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INTRODUCTION

Wastewater often contains large amounts of
nutrients, such as mitrogen and phosphorus in the form of
nitrate and phosphate, which promote plant growth.
Water that gets contamiated with mitrates can prove
fatal, especially to mfants that drink formula milk, as it
restricts the amount of oxygen that reaches the brain,
causing the blue baby syndrome. The presence of nitrate
in water also causes digestive tract ulcers and algae
bloom, resulting mn eutrophication of surface waters
(Kross et al., 1993). The presence of phosphate in water
has a major impact on the environment (Foy and Withers,
1995).

Biological nutrient removal 1s known to be an
effective and economical way to remove phosphorus,
along with mtrogen and organic materials from wastewater
(Grady et al., 1999). The roles protozoa play in nutrient
removal in aquatic systems have only evolved mn recent
yvears. Initially, bacteria were considered the primary
agents for the mineralization of major nutrients, but this
concept has changed and it is now known that a
significant fraction of nutrient mineralization taking place
in nutrient removal systems may be a result of protozoan
activity (Coleman, 1994; Caron et al., 1998).

The presence of an appropriate carbon source is
known to affect nutrient removal from wastewater.
Although a number of studies (Sang efal, 1997
Kargi ef al, 2005) have reported the effects of carbon
sources on nutrient removal performance, but not much 1s
known on the effect of carbon/nutrient sources on
phosphate and nitrate removal by protozoa. This study
was aimed at investigating the following:

*+  Determining the effect of several carbon/nutrient
supplements in mixed liquor on phosphate and nitrate
uptake efficiency of three protozoan isolates.

»  Establishing the role of the protozoa in Chemical
Oxygen Demand (COD) and Dissolved Oxygen (DO)
concentration of the mixed liquor, in the presence of
the carbon/nutrient supplements.

MATERIALS AND METHODS

Test protozoan isolates: Three protozoan isolates were
used in this investigation. The isolates were obtained
from the aercbic zone of Daasport wastewater treatment
plant in Pretoria South, in November 2006 and have
previously been screened for nutrient removal efficiency
(Akpor et al, 2007). The isolates were two ciliates and
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one flagellate and were presumptively identified as
Chilophyllum sp., Aspidisca sp. and Paranema sp.,
respectively. In this study, 1isolates have been
referred to as A, B and C, to represent Chilophylum sp.,
Aspidisca sp. and Paranema sp., respectively.

Wastewater source: Wastewater that was used for the
study was mixed lquor that was obtained from the
anaerobic zone of the same treatment plant. The mixed
liquor was filtered, using Whatman No. 1 filter paper,
supplemented with a particular nutrient/carbon source
and then sterilized m an autoclave. To avoid the
development of bacteria during the experiment, three
antibiotics (penicillin, tetracycline and streptomycin) were
added in concentrations of 10, 100 and 66 pg mL ™,
respectively.

Nutrient/carbon supplements used: A total of nine
nutrient/carbon sources were used in this study. They
include: sodium acetate, sedium formate, sodium citrate,
sodium succinate, peptone, tryptone, veast extract,
glucose and sucrose. They were all added singly to the
mixed liquor at a concentration of 5 g L™

Experimental setup: To a 250 ml. Erlenmeyer flask,
containing 200 ml mixed liquor with a particular nutrient
supplement and pH adjusted to 8.0, a rich culture of a test
1solate was added and incubated 1n a shaker at a shaking
speed of 100 rpm and incubated at 25°C.

Aliquot sample (30 mI) was removed aseptically from
each flask, at the beginming and every 24 h, for the next
96 h, for the estimation of phosphate, mtrate, COD and
DO, wing standard method (APHA, 2001).

All reagents used were of analytical grade.
Phosphate, nitrate and COD were determined using the
ascorbic acid, salicylate and closed reflux methods,
respectively while dissolved oxygen was determined,
using a dissolved oxygen meter (model Session ).

All experimental setups were i duplicates. An
uninoculated control was always set up m all batch of
experiment.

Statistical analysis: All data were analysed statistically
using the SPPS computer software version 11.0. Test of
significance was carried using the one-way analysis of
variance (ANOVA) at 95% confidence interval.

RESULTS
Phosphate uptake in different nutrient/carbon
supplements: As shown in Fig. 1, the trend in

phosphate removal mn the presence of the different
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nutrient supplements showed a significant removal in
mixed liquor containing sodium acetate, glucose and
sucrose. In the presence of sodium acetate, phosphate
concentration decreased from 69.49 to 2818 mg L™,
701410 24.40 mg 1.7 and 68 .84 to 33.26 mg ™" in mixed
liquor containing isolates A, B and C, respectively. On
the other hand, mixed liquor containing glucose
showed a decrease m phosphate concentration from
70.1010 33.76 mg L.~ for isolate A, 70.83t0 27.34 mg 1.~
for isolate B and 69.75 to 38.25 mg 1. for isolate C,
while a decrease from 73.26t042.19mg L™, 74.72 to
32.05mg L~ and 73.79 to 25.61 mg L™ were observed in
mixed liquor containing sucrose isclate A, B and C,
respectively.

In general, percentage phosphate uptake of 59.45 and
65.21% were observed in the presence of sodium acetate,
inisolates A and B, respectively, while percentage uptake
of 65.29% was observed in the presence of sucrose for
1solate C (Table 1). However, in the presence of peptone
and tryptone, a phosphate release (rather than an uptake)
of 3.37 and 0.60%, respectively were observed in isolate
A, while in isolate B, a release of 0.33 and 4.33% were
observed in the presence of sodium citrate and tryptone,
respectively. In isolate C, a release of 9.69% in the
presence of sodium citrate and 5.65% in the presence of
peptone were observed as shown in Table 1.

Average phosphate uptake in the presence of sodium
acetate, glucose or sucrose was observed to be
significantly different from uptalke in the presence of any
of the other nutrient/carbon supplements (p<0.05). A
similar trend was observed in all the 1solates.

Nitrate uptake in different carbon/nutrient supplements:
The trend in mtrate uptake by the 1solates revealed that
in mixed liquor containing isolate A, a decrease in
nitrate concentration from 11.91 to 2.13mg L™, 11.67 to
0.99mgl.~", 22.50to 6.44 mg I."'and 30.14 to 6.74 mg 1.~
was observed in mixed liquor containing sodiwm acetate,
sodium succinate, glucose and sucrose, respectively
(Fig. 2). Similarly, a decrease from 11.81 to 5.44 mg L™
{sodium acetate), 11.82 to 1.44 mg .~ {(sodium succinate),
22.41 10 12.31 mg L™ (glucose) and 29.74 to 10.75 mg L.~
(sucrose) were observed in mixed liquor contaming
isolate B, while a decrease of 12.21 to 415mg L™,
12.06 to6.43 mg 1.7, 23.46t0 476 mg L.™" and 29.9% to
4.54 mg L~' were observed in the presence of sodium
acetate, sodium glucose sucrose,
respectively in mixed liquor containing 1solate C (Fig. 2).

Maximum nitrate uptake of 91.57 and 87.82% were
observed in the presence of sodium acetate, in isolate A
and B, respectively, while in the presence of i1solate C,
highest uptake of 84.86% was observed in the presence of

succinate, and
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Fig. 1: Phosphate uptake in the presence of the different nutrient supplements (A, B and C, represents the test protozoan
1solates. 0 his the beginmng of the incubation while 96 h 1s the end of mcubation)
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Fig. 2: Nitrate uptake in the presence of the different nutrient supplements (A, B and C, represents the test protozoan
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Fig. 3: Mixed liquor COD 1n the presence of the different nutrient supplements A, B and C, represents the test protozoan
isolates. O h is the beginning of the incubation while 96 h is the end of incubation)

sucrose. Nitrate release of 19.49, 10.75 and 22.75% were
observed m the presence of tryptone, for isolates A, B
and C, respectively (Table 2).

As was observed m phosphate uptake, average
nitrate uptake by the isolates in the presence of sodium
acetate, glucose or sucrose was found to be to be
significantly higher than uptake in the presence of any of
the other sources (p<0.05). This
observation was true for all the 1solates, except 1solate A
were uptake in the presence of sodium succinate was
found to be high also.

nutrient/carbon

COD removal: In the presence of the different nutrient
supplements, COD removal was remarkably observed in
mixed liquor containing glucose and sucrose. This trend
irespective  of isolates. isolate A, COD
concentration of mixed liquor containing glucose and
sucrose decreased from 1395.53 to 197.73 mg L' and
1115.95 to 201.85 mg 1.7, respectively, while in isolate B
and C, mixed liquor containing glucose decreased from
1407.45t0 252.18 mg L' and 1400.30 to 258. 78 mg L,
respectively. Also,

was In

mn the presence of sucrose, mixed
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Table 1: Percent phosphate uptake by the test isolates in the different
nutrient supplerments

Nutrient supplement Isolate A Isolate B Isolate C
Sodiumn acetate 59.45 65.21 51.69
Sodium formate 2.44 0.64 28.98
Sodium citrate 28.85 0.37* 9.69%
Sodium succinate 49.39 28.89 19.59
Peptone 3.37* 5.94 5.65%
Tryptone 0.60* 4.33% 11.04
Yeast extract 7.23 4.96 0.14%
Glucose 51.84 61.40 45.16
Sucrose 42.41 57.11 65.29

All values are averages of duplicate samples. Apart from (*) values which
represent %o release, all other values represent %6 uptake

Table 2:  Percent nitrate uptake by the test isolates in the different nutrient
supplements

Nutrient supplement. Tsolate A Tsolate B Tsolate C
Sodium acetate 82.12 53.94 66.01
Sodium formate 24.22 23.06 48.64
Sodium citrate 25.34 42.33 44.01
Sodium succinate 91.57 87.82 46.68
Peptone 7.50% 15.74 15.25%
Tryptone 19.49# 10.75% 22.75%
Yeast extract 0.00 7.84% 20.75%
Glucose 71.38 45.07 79.71
Sucrose 77.67 63.85 84.86

All values are averages of duplicates samples. Apart from (*) values which
represent %o release, all other values represent %6 uptake
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Table 3:  Percent COD removed from mixed liquor inoculated with the test
isolates in the presence of the nutrient supplements

Nutrient supplerment Tsolate A Tsolate B Tsolate C
Sodium acetate 64.06% 38.83# 48.85%
Sodium formate 11.35 1538 7.85
Sodium citrate 342 9.37 12.11
Sodium succinate 61.35 37.10 43.04
Peptone 16.89 1.11 8.85
Tryptone 11.25 16.46 975
Yeast extract 27.30 12.75 7.37
Glucose 85.83 82.08 81.52
Sucrose 81.91 62.68 82.38

All values are averages of duplicates samples. Apart from (*) values which
represent % increase, all other values represent % removal

Table 4: Concentrations of DO (mg L) in mixed liquor inoculated with
the test isolates in the presence of the nutrient supplements

Isolate A Isolate B Isolate C

Nutrient

supplement Initial Final Initial Final Initial  Final
Sodium acetate 5.75 0.22* 575 0.22% 5.88 0.17#
Sodium formate  6.18 3.84* 6.08 3.84* 5.54 2.63*
Sodium citrate 591 2,37 5.81 2.45% 5.98 2.15%
Sodium succinate 5.56 3.35% 5.58 2.68* 5.89 2.33*
Peptone 5.90 0.22* 5.78 0.33* 5.56 0.28+
Tryptone 5.38 0.17+ 5.59 0.26% 5.96 0.40%
Yeast extract 5.59 0.18* 5.34 0.45% 5.94 0.20%
Glucose 574 0.64* 5.66 0.55% 5.86 0.17%
Sucrose 5.73 0.15+ 5.82 0.22% 5.40 0.16%

All values are averages of duplicate samples. Initial is DO concentration at
the start of incubation, while final is DO concentration after 96 h incubation.
(*y and bold values are the final concentrations

liquor COD decreased from 1366.20 to 508.88 mg L™ and
1349.70 to 237.88 mg L.~! in the presence of isolates B and
C, respectively (Fig. 3). This translates to a COD removal
percentage of 85.83, 82.08 and 81.52% 1n the presence of
glucose, for isolates A, B and C, respectively and 81.91,
62.68 and 82.38% m the presence of sucrose for solates
A, B and C, respectively (Table 3). In the presence of
sodium acetate, a COD increase vof 64.06, 38.83 and
48.85% were observed in mixed liquor containing isolates
A, Band C, respectively (Table 3).

A significant COD removal i presence of either
glucose or sucrose was observed to be significantly
higher than removal in presence of any of the other
supplements  (p<0.05). This
observation was irrespective of 1solates.

nutrient/carbon was

DO concentration: As shown in Table 4, DO
concentration decreased drastically m mixed liquor
containing sodium acetate, peptone, tryptone, yeast
extract, glucose and sucrose. This trend was observed in
all mixed liquor containing the test isolates. However, in
the presence of sodium formate, sodium citrate and
sodiumn succinate, DO concentration was observed to
have only decreased slightly. This was also similar in all

the 1solates.
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DISCUSSION

This study revealed that the best nutrient supplement
in mixed liquor for phosphate uptake by the test 1solates
was sodwm acetate. High phosphate uptake was also
observed 1 the presence of glucose or sucrose as
nutrient supplement in mixed liquor. For nitrate uptake,
sodium acetate, glucose, sucrose or sodium succinates
were observed to give high uptake yield in the presence
of the test isolates.

Sodium acetate has been reported to be a preferred
carbon source for phosphate removal from wastewater
by luxury phosphate up-taking orgamisms (Sang et af.,
1997; Kargi and Uygur, 2003). In a study by Kargi and
Uygur (2003), when investigating the effect of carbon
source on biological nutrient removal in a sequencing
batch reactor, their observation was, when only glucose
or acetate was used as a sole carbon source, phosphate
removal efficiencies were observed to be 62 and 64%,
respectively. A similar trend was observed in this study.
Glucose or similar carbohydrates are known to be recuired
for energy generation to be used in poly-hydroxyl
butyrate and poly-phosphate synthesis during removal
(Kargi and Uygur, 2003).

In municipal wastewater treatment systems, nitrate
removal 13 known to be normally accomplished through
denitrification and normally relies on a carbon source as
an electron donor (Mora et ai., 2003). Gomez et al. (2000),
in testing the mfluence of carbon source on mtrate
removal of contaminated groundwater in a demtrifying
submerged filter, have reported sucrose to be the least
efficient carbon source in comparison with ethanol and
methanol, as carbon sources. In this study, ethanol and
methanol, which are likely to be toxic, were not tested as
carbon sources.

Besides pH, temperature and oxygen concentration
controls, carbon source dosage has been reported to be
applied to submerged filter biodenitrification to
contaminated water. Both simple and complex carbon
sources have been employed m wastewater nutrient
removal and reports have shown that addition of simple
carbon favour mtrogen
demitrification 1s strongly influenced by carbon content
(Barlindhaug and Odegaard, 1996, Zhe-Xue et al., 2005).

Hydrolysed molasses have been suggested as an
economical and effective carbon source for nitrogen
source (Zhe-Xue et al., 2005). Also, several studies have
reported very good enhanced biological nutrient removal
inan influent that contains significant amounts of glucose
(Fukase et al., 1984; Liu et al., 1997). In a study by
Guadalupe et al (1998), they reported that in batch

sources removal, hence
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cultures, elimination of nitrate was enhanced when
sucrose was used as a sole carbon source.

The present study revealed a high COD removal mn
the presence of glucose or
supplement mn mixed liquor. A similar finding has been
reported by Behera ef al. (2007). In their report, when
glucose was used as a sole carbon source during
denitrification study, a near steady state was observed in
percentage COD removal. This study revealed significant
COD removal only in the presence of glucose, sucrose or
sodium succinate as supplement in the mixed liquor. In the
presence of sodium acetate, COD removal was not
observed, rather there was a sigmficant increase. COD

sucrose as nutrient

removal efficiencies have been reported to be based on
pre-treatment conditions of influent mto the activated
sludge system and maximum COD removal efficiency
15 reported to be obtamned at the retention time of
15 days (Ryu et al., 2007).

Our study revealed a drastic decrease m DO
concentrations of the mixed liquor in the presence of most
of the nutrient supplements that we used. Earlier works
have reported a decrease in DO concentrations in similar
studies (Lee and Welander, 1996).

CONCLUSION

This study, which was aimed at mvestigating the
effect of nutrient/carbon supplement on nutrient removal
efficiency of three wastewater protozoan isolates, has
revealed the following:

¢ That the presence of sodium acetate, sucrose or
glucose as nutrient supplement in mixed liquor can
enhance phosphate uptake by the test isolates.

¢ That nitrate uptake by the test isolates is enhanced in
the presence of sodium acetate, sodium succinate,
glucose or sucrose as supplement in mixed liquor.

¢ That COD removal in mixed liquor 15 dependent on
the mitial nutrient supplement in mixed liquor.

This study will not be complete without ascertaining
the optimum concentrations of the nutrient supplements
that will give maximum nutrient uptake yield. This 1s the
subject of our next investigation.
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