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Abstract 

Although nitrogen and phosphorus are important nutrients to the existence of living organisms, their presence in 

excessive amounts in wastewater could have detrimental effects to humans and other living organisms.  The 

present investigation was aimed at ascertaining the effect of initial biomass concentration on the nutrient removal 

efficiency of four bacterial species in synthetic wastewater under shaking flasks conditions. Four different initial 

biomasses [2.91 x 10
8
 cfu/mL, 5.82 x 10

8 
cfu/mL, 8.73 x 10

8
 cfu/mL and 1.16 x 10

9
 cfu/mL (Klebsiella sp.); 6.31 

x 10
8
 cfu/mL, 1.26 x 10

9
 cfu/mL, 1.89 x 10

9
 cfu/mL and 2.52 x 10

9
 cfu/mL (Pseudomonas sp.); 1.75 x 10

8
 

cfu/mL, 3.49 x 10
8
 cfu/mL, 5.24 x 10

8
 cfu/mL and 6.98 x 10

8
 cfu/mL (Lysinibacillus sp.), and 7.1 x 10

8
 cfu/mL, 

1.42 x 10
9
 cfu/mL, 2.13 x 10

9
 cfu/mL and 2.84 x 10

9
 cfu/mL (Staphylococcus sp.)] were used for the study. For 

nutrient removal studies, the respective initial biomasses of the test isolates were inoculated into flasks 

containing the wastewater media. Aliquot samples were taken at the beginning of the study and every 24 h for 96 

h for the estimation of growth rate, pH, phosphate and nitrate concentrations in the wastewater, using standard 

methods. The results revealed only slight phosphate decreases in the wastewater after the expiration of 

incubation. All the test isolates showed significant nitrate removal ability except the Lysinibacillus sp. After 96 h 

incubation 68.36 to 90.67 %, 91.80 to 95.29 %, 3.20 to 11.48 % and 86.77 to 94.33 % of nitrate was removed in 

the presence of the Klebsiella sp., Pseudomonas sp., Lysinibacillus sp. and Staphylococcus sp., respectively. The 

study was able to reveal the phosphate and nitrate removal ability of the isolates at the different initial biomasses 

used for the investigation. 

Keywords: Bacteria, wastewater, nutrient removal, phosphate, nitrate 

 

1. Introduction 

Nitrogen and phosphorus are known to be two the most important nutrients to living organisms; however an 

excess of these nutrients causes several water-quality problems. Some of these problems include the degradation 

of aquatic habitat, pollution of drinking water and the depletion in the economic and recreational value of water 

(USGS, 1996).  The presence of these nutrients in high amounts in receiving water bodies is also known to lead 

to eutrophication. Eutrophication results because of the explosive thrive of photosynthetic algae, thereby 

reducing the amount of dissolved oxygen available to other aquatic organisms, thus leading to their death. The 

presence of excessive amount of algae due to eutrophication could also lead to the massive contamination of 

water due to the production of phycotoxins.  

In wastewater treatment, nitrate and phosphate are considered priority targets for removal (EPA, 2002; Ward et 

al., 2005; Jalal et al., 2011). The possible entry of nitrate and phosphate ions into aquatic environment is through 

household sewage water and industrial effluents-particularly fertilizer and soap industries. It is postulated that 

only orthophosphate can be chemically precipitated. During biological treatment, most of the organic phosphorus 

and polyphosphates are converted to the orthophosphate form (Krishnaswamy et al., 2011). There is the 

indication that nitrate contamination is a global problem, which is reported to stand as the second most 

dangerous pollutant after pesticides. At high concentrations, nitrate is a threat to infants and other susceptible 

individuals. Besides, its carcinogenic effects have also been reported. Similarly, phosphate, which in water is 

generally present as polyphosphate and orthophosphate, is indicated to cause digestive problems in humans when 

present in extremely high concentrations. At concentrations above 1.0 mg/L, it is indicated to interfere with 

coagulation in water treatment plants (DebRoy et al., 2012). 

Conventionally, chemical and biological processes have been employed for the removal of nutrients from 

wastewaters. Because, biological treatment processes are known to be cost-effective methods for wastewater, 

microbial strategies for the removal of environmental pollutants from waste streams or contaminated sites can 

provide attractive alternatives to other traditional methods (Krishnaswamy et al., 2011). In recent years, because 
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of the many negative impacts, such as increased volume of sludge, production of sludge with poor settling and 

dewatering characteristics and the depression of the pH, biological treatment processes is being advocated (Gray,  

2002; Akpor, 2011). 

Because biological nutrient removal techniques involving the use of microorganisms have shown to offer great 

potential in the removal of nutrients from wastewater; it is advocated for use in recent times.  Some of the 

advantages of biological treatment processes include, low operating costs, eco-friendly and cost-effective 

alternative of conventional techniques and efficiency at lower levels of contamination (Srivastavia and 

Majumder 2008). During treatment, the nutrients are used by the microorganisms for the construction of cell 

membranes, cellular maintenance, synthesis of nucleic acids and chemical energy transfer reactions within cells. 

In some instances, some of the nutrients are also stored for future use by the cells (Krishnaswamy et al., 2011).  

A number of microorganisms (bacteria, fungi, algae and protozoa) have been implicated in the remediation of 

nitrogen and phosphorus polluted wastewaters. It is however argued that the extent of removal is dependent on 

the net production of living biomass ((Bitton, 1994; Ramothokang et al., 2006; Mbwele, 2006, Krishnaswamy et 

al., 2011). This study was therefore aimed at investigating the nutrient removal efficiency of four bacterial 

species (Pseudomonas sp., Klebsiella sp., Lysinibacillus sp. and Staphylococcus sp.) using initial biomass 

concentrations for inoculation. 

 

2. Materials and Methods 

2.1 Test bacterial species 

Four bacterial (Pseudomonas sp.., Klebsiella sp., Lysinibacillus sp. and Staphylococcus sp.) were used for this 

investigation. They were obtained from the Microbiology Department of the Ekiti State University, Ado Ekiti, 

Ekiti State, Nigeria. Each of the test isolates were stored in nutrient agar slants and incubated at 4 
o
C until 

needed. Prior use, each isolate was first streaked in nutrient agar slants and incubated at 37 
o
C for 24 h to 

ascertain their purity, after which the isolates were sub-cultured into nutrient broth. For each experiment, only 

18-24 h old broth cultures of the isolates were used for nutrient removal study. 

2.2 Synthetic wastewater 

The composition of the synthetic wastewater used for the study was as follows: sodium acetate (5 g/L), 

magnesium sulfate (0.5 g/L), potassium nitrate (0.2 g/L), potassium dihydrogen phosphate (0.5 g/L), meat 

extract (1 g/L), peptone (1 g/L) sodium chloride(0.5 g/L).  Each of the components of the synthetic wastewater 

was first dissolved separately in 50 mL of deionized water, before mixing with the other components and making 

up to the mark.   

Before usage, the synthetic wastewater was first dispensed in 200 mL quantity in 250 mL Erlenmeyer’s flasks. 

All flasks containing the synthetic wastewater were cotton-plugged and sterilized at 121
o
C for 15min at 15 psi in 

an autoclave.  After sterilization, flasks were first incubated for 24 h to ascertain that there was no growth from 

any contaminant.  

2.3 Nutrient removal study 

To the sterile synthetic wastewater in Erlenmeyer’s flasks, a known population of the respective isolates was 

inoculated. In this study, four different initial biomasses [2.91 x 10
8
 cfu/mL, 5.82 x 10

8 
cfu/mL, 8.73 x 10

8
 

cfu/mL and 1.16 x 10
9
 cfu/mL (Klebsiella sp.); 6.31 x 10

8
 cfu/mL, 1.26 x 10

9
 cfu/mL, 1.89 x 10

9
 cfu/mL and 

2.52 x 10
9
 cfu/mL (Pseudomonas sp.); 1.75 x 10

8
 cfu/mL, 3.49 x 10

8
 cfu/mL, 5.24 x 10

8
 cfu/mL and 6.98 x 10

8
 

cfu/mL (Lysinibacillus sp.), and 7.1 x 10
8
 cfu/mL, 1.42 x 10

9
 cfu/mL, 2.13 x 10

9
 cfu/mL and 2.84 x 10

9
 cfu/mL 

(Staphylococcus sp.)] were used for investigation. The estimation of the initial biomasses was carried out using 

standard plating techniques (APHA, 2012). 

After inoculation, the inoculated flasks were incubated in a rotary shake at 120 revolutions per minute (rpm) at 

25 
o
C. Immediately after inoculation (referred to as 0 h in this study) and every 24 h for 96 h, aliquot samples 

were aseptically taken from each flask for the estimation of the pH, growth rate, phosphate and nitrate 

concentrations in the wastewater, using standard procedures. In all cases, phosphate and nitrate concentrations in 

the wastewater were analysed using the ascorbic acid method and the salicylate methods, respectively (APHA, 

2012). 

All experiment analyses were carried out in triplicate. Also, all reagents used were of analytical grades. In all 

cases, an uninoculated control was also set up for each batch of experiment. 

2.4 Statistical analysis 

For statistical analysis, the PAST (paleontological statistics software package for education and data analysis) 

was used (Hammer et al., 2001). The test for the comparison of means was done using the one-way analysis of 

variance (ANOVA) test while the tests for relationships were carried out using the Pearson correlation index. 
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3. Results 
3.1 Phosphate removal in presence of the test bacterial species 

Figure 1 shows the trend in the phosphate concentration of the synthetic wastewater inoculated with the 

Klebsiella sp.  As revealed in the figure, there were slight decreases in the concentration of phosphate in the 

synthetic wastewater between 24 h and 48 h incubation period, after which increases were observed with time. 

This trend was irrespective of the initial biomass used for investigation. At the end of the 96h incubation period, 

phosphate concentration in presence of the Klebsiella sp. was observed to change from 154.40mg/L at 0 h to 

141.70mg/L, 132.70mg/L, 158.11 mg/L 132.71mg/L, at for biomass concentrations at 2.91 x 10
8
 cfu/mL, 5.82 x 

10
8 
cfu/mL, 8.73 x 10

8
 cfu/mL and 1.16 x 10

9
 cfu/mL, respectively (Fig. 1). Despite the observed differences in 

the phosphate concentrations at the different initial biomasses during the incubation period, these differences 

were not observed to be significant (p≤ 0.05). 

 
Fig. 1: Variation in phosphate concentration in presence of the different initial biomasses of the  Klebsiella sp. 

(A, B, C and D represent initial biomass concentrations at 2.91 x 10
8
 cfu/mL, 5.82 x 10

8 
cfu/mL, 8.73 x 10

8
 

cfu/mL and 1.16 x 10
9
 cfu/mL, respectively) 

Phosphate levels in the wastewater in presence of the Pseudomonas sp. showed steady decreases in 

concentration between 0h and 48h incubation, after which there were steady increases with time. This trend was 

irrespective of the initial biomass used for inoculation. At the end of the 96 h incubation time, the concentration 

of phosphate at initial biomass of    6.31 x 10
8
 cfu/mL was observed to decrease from 154.4mg/L to 

144.7mg/L.At initial biomasses of 1.26 x 10
9
 cfu/mL, 1.89 x 10

9
 cfu/mL and 2.52 x 10

9
 cfu/mL, phosphate 

concentrations were observed experiences increases from 154.40 mg/L at 0 h to 168.73 mg/L, 158.45 mg/L and 

171.73 mg/L (Fig. 2), respectively. Throughout the period of incubation there were no significant decreases in 

phosphate concentrations in the wastewater at the different initial biomasses. Also, despite the differences in 

phosphate concentrations at the different initial biomasses, these differences were not observed to be significant 

(p≤ 0.05). 

 
Fig. 2: Variation in phosphate concentration in presence of the different initial biomasses of the  Pseudomonas  

sp. (A, B, C and D represent initial biomass concentrations at.6.31 x 10
8
 cfu/mL, 1.26 x 10

9
 cfu/mL, 1.89 x 10

9
 

cfu/mL and 2.52 x 10
9
 cfu/mL, respectively) 
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In the presence of the Lysinibacillus sp., only slight decreases in phosphate concentration were observed with the 

first 48 h of incubation, after which there were steady increases in concentration with time. This trend was 

irrespective of the different initial biomasses. At the expiration of the 96 h incubation period, phosphate 

concentration increased from initial level of 154.40 mg/L to 164.57 mg/L, 154.50 mg/L, 182.02 mg/L and 

196.70 mg/L, at initial biomasses of 1.75 x 10
8
 cfu/mL, 3.49 x 10

8
 cfu/mL, 5.24 x 10

8
 cfu/mL and 6.98 x 10

8
 

cfu/mL, respectively (Fig. 3). Throughout the period of incubation, no significant decrease in phosphate 

concentration was observed at the different initial biomasses. Also, the phosphate concentration in the 

wastewater was not observed to differ significantly between the different initial biomasses (p≤ 0.05). 

 

The trend in phosphate concentration in the wastewater in the presence of the Staphylococcus sp showed only 

slight decreases within the first 48 h incubation, after which there were steady increases with incubation time. 

This trend was irrespective of the initial biomass used for inoculation. After the expiration of the 96 h incubation 

period, phosphate concentration was found to be 159.74 mg/L, 150.20 mg/L, 141.11 mg/L and 141.70 mg/L, at 

initial biomasses of 7.1 x 10
8
 cfu/mL, 1.42 x 10

9
 cfu/mL, 2.13 x 10

9
 cfu/mL and 2.84 x 10

9
 cfu/mL, respectively 

(Fig. 4). Throughout the period of incubation, phosphate levels at the different initial biomasses did not differ 

significantly. Also, no significant decrease in phosphate concentration was observed at the different initial 

biomasses (p≤ 0.05). 

 

 
Fig. 3: Variation in phosphate concentration in presence of the different initial biomasses of the Lysinibacillus sp. 

(A, B, C and D represent initial biomass concentrations at1.75 x 10
8
 cfu/mL, 3.49 x 10

8
 cfu/mL, 5.24 x 10

8
 

cfu/mL and 6.98 x 10
8
 cfu/mL, respectively) 

 

 
Fig. 4: Variation in phosphate concentration in presence of the different initial biomasses of the  Staphylococcus 

sp. (A, B, C and D represent initial biomass concentrations at7.1 x 10
8
 cfu/mL, 1.42 x 10

9
 cfu/mL, 2.13 x 10

9
 

cfu/mL and 2.84 x 10
9
 cfu/mL, respectively) 

Generally, the results revealed that after the 96 h incubation period, phosphate removal rates that ranged from 

8.23 % to 14.05 % and from 2.72 % to 8.61 % were observed in the presence of the Klebsiella sp. and 
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Staphylococcus sp., respectively. In the presence of the Pseudomonas sp. and Lysinibacillus sp., phosphate 

increases that ranged from 2.62 % to 17.70 % and from 0.06 % to 27.39 %, respectively were observed after the 

96 h incubation period (Table 1).  

 

Table 1: Change in phosphate concentration in the wastewater after 96 h incubation in the presence of the 

different isolates at the different initial biomass concentrations 

 

 Initial PO4
3-

 (mg/L) Final PO4
3-/

L (mg/L) % change 

Klebsiella sp. 

A 154.40 141.70 8.22 

B 154.40 137.70 10.82 

C 154.40 158.11 -2.40 

D 154.40 132.71 14.05 

Pseudomonas sp. 

A 154.40 144.67 6.30 

B 154.40 168.73 -9.28 

C 154.40 158.45 -2.62 

D 154.40 181.73 -17.70 

Lysinibacillus sp. 

A 154.40 165.57 -7.23 

B 154.40 154.50 -0.06 

C 154.40 182.02 -17.89 

D 154.40 196.70 -27.39 

Staphylococcus sp. 

A 154.40 159.74 -3.46 

B 154.40 150.20 2.72 

C 154.40 141.11 8.61 

D 154.40 141.70 8.22 

All values are in percentages. Positive and Negative values represent percentage decreases and increases, 

respectively. A, B, C and D represent the different initial biomasses of the test bacterial species used for 

inoculation 

3.2 Nitrate removal in presence of the test bacterial species 

As revealed in figure 5, nitrate concentration in the presence of the Klebsiella sp, significant decreases in 

concentrations were observed with time. This trend was irrespective of the initial biomass used. At the expiration 

of the 96 h incubation period, the concentrations of nitrate at initial biomasses of 2.91 x 10
8
 cfu/mL, 5.82 x 10

8 

cfu/mL, 8.73 x 10
8
 cfu/mL and 1.16 x 10

9
 cfu/mL were found 223.11mg/L 52.10mg/L at 20.83mg/L 17.32mg/L 

and 70.59 mg/L, respectively (Fig. 5). Although significant nitrate removal was observed at the different initial 

biomasses, no differences were observed between nitrate concentrations at the different biomasses (p≤ 0.05). 

 
Fig. 5: Variation in nitrate concentration in presence of the different initial biomasses of the  Klebsiella sp. (A, B, 

C and D represent initial biomass concentrations at 2.91 x 10
8
 cfu/mL, 5.82 x 10

8 
cfu/mL, 8.73 x 10

8
 cfu/mL and 

1.16 x 10
9
 cfu/mL, respectively) 
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The trend in nitrate concentration in the presence of Pseudomonas sp. at the various biomass concentrations 

revealed a gradual decrease in concentration within the first 24 h of incubation after which there were sharp 

decreases with time after 48 h incubation, which was maintained throughout the 96 h incubation period. After the 

96 h incubation period, nitrate concentration was observed to decrease from 223.11 mg/L at 0 h to 8.30mg, 

10.51mg/L, 11.16 mg/L, 11.68 mg/L,  at initial biomasses 6.31 x 10
8
 cfu/mL, 1.26 x 10

9
 cfu/mL, 1.89 x 10

9
 

cfu/mL and 2.52 x 10
9
 cfu/mL, respectively, (Fig. 6). At the end of incubation, the decreases in nitrate 

concentration in the presence of the Pseudomonas sp. were observed to be significant. However there were no 

significant differences between decreases at the different initial biomasses (p≤ 0.05). 

 

 
Fig. 6: Variation in nitrate concentration in presence of the different initial biomasses of the  Pseudomonas  sp. 

(A, B, C and D represent initial biomass concentrations at6.31 x 10
8
 cfu/mL, 1.26 x 10

9
 cfu/mL, 1.89 x 10

9
 

cfu/mL and 2.52 x 10
9
 cfu/mL, respectively) 

As shown in figure 7, throughout the period of incubation, nitrate concentration in presence of the Lysinibacillus 

sp. was not observed to show any significant decrease in concentration. After the 96 h incubation period, the 

concentration of nitrate was observed to be 215.98 mg/L, 205.79 mg/L, 197.47 mg/L and 198.14 mg/L at initial 

biomasses 1.75 x 10
8
 cfu/mL, 3.49 x 10

8
 cfu/mL, 5.24 x 10

8
 cfu/mL and 6.98 x 10

8
 cfu/mL, respectively (Fig. 7). 

As was observed in the case of phosphate, throughout the period of incubation, no significant differences were 

observed between the nitrate levels at the different initial biomasses (p≤ 0.05). 

In the presence of the Staphylococcus sp., there was only a slight reduction in nitrate concentration within the 

first 24 h of incubation, after which there was a drastic reduction with time, a trend that continued till the end of 

the incubation period. This observation was irrespective of the initial biomass used for inoculation. Nitrate 

concentration in the wastewater after the 96 h incubation period was found to decrease from 223.11 mg/L at 0 h 

to 21.54 mg/L, 29.52 mg/L, 15.96 mg/L and 12.65 mg/L, at initial biomasses of 7.1 x 10
8
 cfu/mL, 1.42 x 10

9
 

cfu/mL, 2.13 x 10
9
 cfu/mL and 2.84 x 10

9
 cfu/mL, respectively (Fig. 8). Although significant decrease in nitrate 

concentration was observed at the different initial biomasses, these differences were not observed to differ 

between the different initial biomasses used for inoculation (p≤ 0.05). 

 
Fig. 7: Variation in nitrate concentration in presence of the different initial biomasses of the  Lysinibacillus sp. 

(A, B, C and D represent initial biomass concentrations at1.75 x 10
8
 cfu/mL, 3.49 x 10

8
 cfu/mL, 5.24 x 10

8
 

cfu/mL and 6.98 x 10
8
 cfu/mL, respectively) 
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Fig. 8: Variation in phosphate concentration in presence of the different initial biomasses of the  Staphylococcus 

sp. (A, B, C and D represent initial biomass concentrations at7.1 x 10
8
 cfu/mL, 1.42 x 10

9
 cfu/mL, 2.13 x 10

9
 

cfu/mL and 2.84 x 10
9
 cfu/mL, respectively) 

 

After the 96 incubation period, nitrate concentration in the wastewater in the presence of the test isolates showed 

removal rates that ranged from 68.36% to 92.24 %, from 91.80 % to 95.29 %, from 3.20 % to 11.49 % and from 

86.77 % to 94.33 %, at the different initial biomasses of the Klebsiella sp., Pseudomonas sp., Lysinibacillus sp. 

and Staphylococcus sp., respectively (Table 2). 

 

Table 2: Change in nitrate concentration in the wastewater after 96 h incubation in the presence of the 

different isolates at the different initial biomass concentrations 

 Initial NO3
-
 (mg/L) Final NO3

-
/L (mg/L) % change 

Klebsiella sp. 

A 223.11 52.10 76.65 

B 223.11 20.83 90.67 

C 223.11 17.32 92.24 

D 223.11 70.59 68.36 

Pseudomonas sp. 

A 223.11 18.30 91.80 

B 223.11 10.51 95.29 

C 223.11 11.16 95.00 

D 223.11 11.68 94.77 

Lysinibacillus sp. 

A 223.11 215.98 3.20 

B 223.11 205.79 7.76 

C 223.11 197.49 11.49 

D 223.11 198.14 11.20 

Staphylococcus sp. 

A 223.11 21.54 90.35 

B 223.11 29.52 86.77 

C 223.11 15.96 92.85 

D 223.11 12.65 94.33 

All values represent percentage decreases. A, B, C and D represent the different initial biomasses of the test 

bacterial species used for inoculation 

3.3 pH and growth rates in presence of the test bacterial species 

As shown in Table 3, in the presence of the test isolates, pH of the wastewater was observed to increase 

gradually with incubation time. Despite the observed increases with time, the values were still the near neutral 

ranges. This trend was irrespective of the test isolates or the initial biomasses used for inoculation. At the end of 

the 96 h incubation period, from the original value of 5.9 at 0 h, pH values at the different initial biomasses were 

observed to range from 7.1 to 7.3, 7.0 to 7.8, 7.3 to 76.5 and 6.8 to 7.5, in the presence of the Klebsiella sp., 

Pseudomonas sp., Lysinibacillus sp. and Staphylococcus sp., respectively (Table 3). 
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Table 3: pH variations during the nutrient removal studies in presence of the test isolates at the different 

initial biomasses used for inoculation 

Time A B C D 

Klebsiella sp. 

0h 5.9 5.9 5.9 5.9 

24h 6.3 6.4 6.4 6.4 

48h 6.5 6.9 6.9 6.9 

72h 6.9 7.4 7.4 7.3 

96h 7.1 7.3 7.3 7.3 

Pseudomonas sp. 

 A     B C D 

0h 5.9 5.9 5.9 5.9 

24h 6.4 6.3 6.3 6.4) 

48h 7.0 7.0 7.0 7.0 

72h 7.7 7.5 7.5 7.6 

96h 7.0 7.6 7.6 7.8 

Lysinibacillus sp. 

 A     B C D 

0h 5.9 5.9 5.9 5.9 

24h 6.4 6.3 6.3 6.4 

48h 6.8 6.7 6.7 7.0 

72h 7.2 7.1 7.1 7.4 

96h 7.3 7.2 7.2 7.5 

Staphylococcus sp. 

 A     B C D 

0h 5.9 5.9 5.9 5.9 

24h 6.2 6.2 6.2 6.4 

48h 6.4 6.4 6.4 7.0 

72h 6.6 6.5 6.5 7.4 

96h 6.8 6.6 6.6 7.5 

All values are average of triplicate analysis. A, B, C and D represent the different initial biomasses of the test 

bacterial species used for inoculation 

 

With respect to growth rates of the isolates during the nutrient removal studies, there were steady increases with 

time. This trend was irrespective of the test isolates or the initial biomass used for inoculation. At the end of the 

96 h incubation, growth rates of the isolates at the respective initial biomasses were observed to range from 1.97 

d
-1

 to 1.98
-1

, 1.96 to 2.00 d
-1

, 1.97 to 2.08 d
-1

 and from 1.98 d
-1

 to 2.15 d
-1

, for the Klebsiella sp., Pseudomonas 

sp., Lysinibacillus sp. and Staphylococcus sp., respectively (Table 4). 
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Table 3: Growth rate (d
-1

) of the different isolates during the nutrient removal studies at the different 

initial biomass concentrations 

 0h 24h 48h 72h 96h 

Klebsiella sp. 

A 0 1.54 1.55 1.96 1.97 

B 0 1.54 1.95 1.97 1.99 

C 0 1.94 1.95 1.97 1.98 

D 0 1.94 1.96 1.97 1.98 

Pseudomonas sp. 

A 0 1.94 1.96 1.99 2.00 

B 0 1.54 1.96 1.98 1.99 

C 0 1.94 1.95 1.96 1.96 

D 0 1.95 1.96 1.99 2.00 

Lysinibacillus sp. 

A 0 1.68 2.04 2.08 2.08 

B 0 1.94 1.95 1.96 1.97 

C 0 1.97 1.96 1.97 1.97 

D 0 1.94 1.96 1.97 1.98 

Staphylococcus sp. 

A 0 1.94 1.95 1.97 1.98 

B 0 1.75 1.84 1.94 1.99 

C 0 1.84 1.93 2.01 2.15 

D 0 1.85 1.94 2.00 2.08 

All values are average of triplicate analysis. A, B, C and D represent the different initial biomasses of the test 

bacterial species used for inoculation 

 

4. Discussion 

The present study revealed slight phosphate removal in the presence of Klebsiella sp., Pseudomonas sp. and 

Staphylococcus sp. In the presence of the Lysinibacillus sp. phosphate releases were observed at the various 

initial biomasses used for inoculation. Some species of Klebsiella sp. and Pseudomonas sp. have been implicated 

in phosphate removal by previous investigators (Momba and Cloete, 1996; Krishnaswamy et al., 2011; Diep and 

Cuc, 2013). 

The trend in pH in this investigation showed slight increases with time, although all values were within the near 

neutral ranges. Increases in pH during nutrient studies have been reported by some investigators (Chevalier et al., 

2000; Akpor et al., 2007). According to Akpor and co-workers (2007), during nutrient removal in activated 

sludge mixed liquor using protozoan isolates, at the end of the incubation period, pH was observed to increase 

from an average of 7.5 to 8. The findings of this study negated the observation of some other investigators. In the 

study by Krishnaswamy et al., (2011), a phosphate removal of 92.5% was obtained with a pH change of the 

culture medium from 7.2 to 5.9. They postulated that the reduction in pH may be due to the production of 

various organic acids by the phosphate reducers in the culture medium.   

It is reported that acidic pH is favourable for phosphate removal, which is based on the suggestion that acidic pH 

seems to be favourable to acid phosphatase, which aids in the removal of phosphate (Bouquet et al., 1987; 

Krishnaswamy et al., 2011). Mulan and co-workers (2002) have also reported an enhanced phosphate uptake and 

polyphosphate accumulation in Burkholderia cepacia under acidic conditions. It is reported that during nutrient 

removal, the initial pH at neutral and acidic conditions is favourable for the optimum removal of phosphate by 

the individual strain of Pseudomonas sp. and consortium (Krishnaswamy et al., 2011). Some workers have also 

indicated similar observations of phosphate utilizing microorganisms producing various organics and 

consequently fall in pH of the medium (Kundu, 1984; Satar and Gaur 1984). None of the isolates used in this 

study showed significantly phosphate removal ability during the experimental conditions. The majority of the 

isolates used for this investigation showed significant nitrate removal efficiency. It is however indicated that 

during denitrification process, alkalinity is produced (Bitton, 1999).  

The present study revealed significant nitrate removal in the presence of Pseudomonas, Klebsiella and 

Staphylococcus. According to Diep and Cuc, (2013), Pseudomonas stutzeri is said to have excellent denitrifying 

ability under aerobic and anaerobic conditions. All the isolates used in study were investigated under aerobic 

condition. In the study by Vymazal, (2007), diverse bacteria groups have been observed to be involved in 

nitrogen mineralisation, such as nitrification and denitrification. Although denitrifying bacteria are said to 

include organotrophs, lithotrophs, phototrophs and diazotrophs, the majority of them are said to be chemotrophs. 
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In aquatic environments, the most important denitrifying bacteria are implicated to be Pseudomonas, Aeromonas 

and Vibrio. Other bacteria, such as Arthrobacter globiformis, Aerobacter aerogenes, Mycobacterium phlei, 

Streptomyces griseus, Thiosphaera and Corynebacterium have also been implicated for nitrogen mineralisation 

(Vymazal , 2007;  Diep and Cuc, 2013). 

. 

5. Conclusion  

This study revealed that three of the isolates (Pseudomonas, Klebsiella and Staphylococcus) have significant 

nitrate removal ability under the experimental conditions investigated. In addition, although there were only 

slight decreases in phosphate concentration in the wastewater in presence of the Pseudomonas sp., Klebsiella sp 

and Staphylococcus sp. These observations were irrespective of the respective initial biomasses used for 

inoculation. No remarkable phosphate or nitrate removal ability was observed in the presence of the 

Lysinibacillus sp.  This study also observed consistent but slight increases in pH during nutrient removal studies. 

This trend was also irrespective of the initial biomass used for inoculation. Finally, the study did not observe any 

relationship between nutrient removal and the initial biomasses used for inoculation.  
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