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ABSTRACT

The objective of the current study is to isolate phosphate removing microbes from activated sludge for
wastewater remediation in the area of Khenchela (Eastern Algeria) . Phosphate rate was determined using
colorimetric method and batch tests were developed to evaluate the biomass composition of the sludge. Four
efficient pure strains isolated from activated sludge samples and identified as Acinetobacter junii, Pseudomonas
aeruginosa, Moraxella lacunata, Alcaligenes denitrificans. Our results show that applying of mixed bacterial
culture containing mostly isolated strains for bioremediation purpose can be used successfully for the elimination
of phosphate from activated sludge of wastewater treatment plants.
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INTRODUCTION

Phosphorus is one of the major components of all living cells. The control of the amount of phosphates in
water or wastewater became an important key to improving the quality of our ecosystems. At high
concentrations, the phosphorus in ecosystems affects the quality of freshwater resources and the practice of
reusing wastewaters [1].

The method most commonly used for disposal of wastewater phosphates is the physico-chemical phosphate
removal in which metal salts (iron, aluminum, or calcium) were used to precipitate phosphate. However, for his
significant costs associated with additional chemical reagents and a significant sludge production have limited its
widespread use [2, 3].

So, biological processes appear now to be the most competitive and best adapted to the treatment of
phosphate present in wastewater. Phosphate can be efficiently removed from wastewaters by the activated sludge
process which incorporates alternating anaerobic and aerobic periods [4, 5]. In their work [6] evaluate the
feasibility of citric acid as external carbon source for biological phosphorus removal. A successful enhanced
biological phosphorus removal was studied in both anaerobic-aerobic sequencing batch reactor to induce growth
of phosphate accumulating organism and anaerobic-anoxic [7].

The purpose of our work is to study the kinetics of phosphate removal by mixed bacterial culture of
activated sludge taken from the wastewater treatment plant of Khenchela (Eastern Algeria) and isolate pure
bacterial cultures involved in this process.

MATERIALS AND METHODS

Sampling and composition medium

The activated sludge samples were taken from the aeration tanks of wastewater treatment plant of
Khenchela which mainly receives domestic wastewater. Samples were collected in sterilized glass bottles and
transported on ice to laboratory for analysis.

The synthetic medium used in this study contains the minimum of nutrients indispensable for phosphate
removal bacteria growth [8]. The composition of medium diluted in distilled water was summarized in table 1.

Table 1: Composition of the synthetic medium [8].

Components Concentration (g.L™")
CH;COONa. 3H0 0.4

K;HPO, 0.049

KH,PO, 0.028

NH,C1 0.107

MgSO0.,.7H,O 0.180

CaClL.2H,0 0.0003

*Trace solution 0.3 mL.L"!

* 10g.L! EDTA, 1.54 gL'FeS0,.7H,0, 0.15 gL' H;BO;, 0.03 gL' CuSO,5H,0, 0.12 gL' MnCl,.4H,0, 0.18 g.L'KI, 0.06 g.L-
"Na,.M00,.2H,0, 0.12 g.L'! ZnSO,.7H,0, 0.15 g.L"'CoCl,.6H,0.

*Corresponding Author: Messaoud Benounis, Laboratory of Sensors, Instrumentations and Process (LCIP), Department of
Chemical Engineering, Institute of Science and Technology, University of Khenchela (Algeria).
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Phosphate removal by mixed culture
Inoculum preparation

Activated sludge samples were treated before inoculation to fermentors. First, the samples were diluted in
0.9% sterile physiological salt solution with stirring for 2 min by vortex mixer [9] and the suspended activated
sludge was centrifuged at 300 rpm for 2 min. Then, the decanted supernatant was enriched in 100mLof prepared
medium and incubated with shaking during 24 h at 30°C. After, the culture was centrifuged at high speed (10000
rpm) for 15 min and the pellets were washed in a physiological salt solution. Finally, the suspended pellet was
added to the reactors.

Culture conditions

Mixed culture was inoculated to 500 mL fermentors contained 300 mL of medium supplemented with
different concentrations of sodium acetate as carbon source and K;HPO4/KH,PO4 as phosphorus source. The
fermentors were operated in batch mode and incubated under two alternating phases and aerobically in stirred
bain-marie (GFL1083) for 2h, then aerobically at 30°C for 4 h in horizontal stirred operating at 150 mpm.
Experiments were performed in triplicata.

Sampling and Analytical methods

To estimate phosphate concentration, liquid samples were withdrawn aseptically from each fermentor
through a sampling port using sterile syringe, at regular time intervals. Orthophosphate is the most dominant in
wastewater and its concentration was measured colorimetrically using the method of ascorbic acid [10].

Isolation of bacteria

During phosphate reduction by mixed culture, isolation was carried out from Fermentors inoculated with
activated sludge and aliquot of culture were streaked onto minimal agar medium. Then, the inoculated plates
were incubated at 30°C for 24 h to 72 h. Isolated Bacteria with distinct colony morphologies were selected and
sub-cultured onto the same medium until achievement of growing in pure cultures. The isolated bacteria were
grown in nutrient broth, stored in 10 % (v/v) glycerol at -20 °C and used as stock cultures in subsequent analysis.

Bacterial identification
Morphology and biochemical characteristics of isolates

The cell morphology was determined microscopically after Neisser stain and Gram stain preparation. The
biochemical characteristics were determined using tests including Catalase, Oxidase, Nitrate reductase,
Tryptophane desaminase, Decarboxylase, Urease, Indole production, Carbohydrate fermentation and Mixed acid
fermentations. Growth of strains on King A and King B media was tested too.

Identification of bacteria by API system

Pure bacterial strains were identified using API 20NE systems, according to the manufacturer's
instructions (BioMérieux). The API strips were examined after 24 h and 48 h at 30 °C and the identifications
were carried out by identification database APixI.

RESULTS AND DISCUSSION

Culture medium optimization

Optimization of culture medium was performed to find the optimal initial concentration of sodium
acetate, the optimal initial concentration of phosphate and the appropriate carbon source. The values of the
kinetic of optimization parameters are summarized in Table.2.

Table.2. Optimization of culture parameters

Parameters Phosphate removal rate (%) Final Phosphate concentration (mg.L™")
Initial concentration of sodium acetate

1000 ppm 83.38 2.71
2000 ppm 93.08 1.16
3000 ppm 93.80 1.03
4000 ppm 96.19 0.64
5000 ppm 99.23 0.13
Initial concentration of phosphate

0 ppm

5 ppm 99.68 0.027
10 ppm 98.87 0.14
30 ppm 93.91 0.24
50 ppm 71.09 14.98
Carbon sources

Acetate 99.23 0.13
Glucose 71.22 3.82
Lactose 61.05 6.8
Lactate 78.51 422
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As shown in (Table.3), acetate provides the best rate of phosphate removal, 99.23 %, followed by lactate
with a rate of 78.51 % and glucose with 71.22%, while lactose eliminate 61.05 % of phosphate. Our results are in
agreement with the results obtained in the literature [11, 12, 13, 14].

Phosphate removal by mixed culture

For mixed culture, bacteria involved in the phosphate accumulation process present a latency phase of
about 8 h. This short adaptation period could be the result of synergistic interrelation ships between co-cultured
species [15]. In [16, 17] they reported that the synergistic inter actions between phosphate-solubilizing co-
cultured species resulted in high phosphatase activity and enhanced available Phosphate in the soil [18]. After
latency phase, phosphate accumulating starts with an accumulating rate of about 0.31 mg.L"".h"! during the first
50 h, exponential phase. Finally, the stationary phase was reached after 72 h of mixed culture treatment with a
dephosphatation rate of about 92.87%.
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Fig 1: Kinetic of Phosphate removal using mixed bacterial culture.

Identification of isolates

Different types of bacterial culture were isolated from activated sludge using streak plate method. Four
strains were selected on the basis of morphological and biochemical characteristics, bacterial culture was
tentatively identified as Acinetobacter junii, Pseudomonas aeruginosa, Moraxella lacunata, Alcaligenes
denitrificans. These results were confirmed using API 20NE system and the numerical profile is presented in
Table 3.

Table 3: Identification of isolates using APT 20NE system.

S1 S2 S3 S4
Numerical profile 1001051 1354575 1010204 1000467
Strain Name Acinetobacter junii Pseudomonas Moraxella lacunata Alcaligenes denitrificans

aeruginosa

Our results show the biodiversity of the activated sludge samples obtained from wastewater plants of
Khenchela. Three of these strains which are Acinetobacter junii, Pseudomonas aeruginosa, Moraxella lacunata
belong to the y class of Proteobacteria, while Alcaligenes denitrificans belongs to f§ class of Proteobacteria [19].

We also show that Proteobacteria are the most abundant with a rate of 87.5%. Similar results were obtained
in wastewater by [20]. They found that the Proteobacteria are a major group of bacteria and represent more than
50 % of all the micro-organisms present in five wastewater treatment plants.

In this study, the most frequently isolated class is that of Profeobacteria with three species, which was
comfirmed by several studies [21, 22, 23, 24, 25].

Conclusions

The objective of our work consists to isolate phosphate removing microbes from activated sludge for
wastewater remediation in the area of Khenchela (Eastern Algeria). For this, four efficient pure strains isolated
from activated sludge samples and identified as Acinetobacter junii, Pseudomonas aeruginosa, Moraxella
lacunata and Alcaligenes denitrificans. Our results show that mixed bacterial culture containing mostly isolated
strains can be used successfully for removing phosphate from activated sludge of wastewater treatment plants.



Naili et al., 2015

Acknowledgments
This work was supported by the Thematic Agency for Research in Science and Technology (ATRST) of
Algeria (Project No. 8/cu40/2179).

REFERENCES

[1] Anderson, D.M., Glibert, P.M. and Burkholder, J. M., 2002. Harmful algal blooms and eutrophication:
nutrient sources, composition, and consequences. Estuaries, 25: 704-726.

[2] Greaves J., Hobbs, P., Chadwick, D. and Haygarth P., 1999. Prospect for the recovery of phosphorus from
animal manures: A review.Environ. Technol., 20: 697-708.

[3] Wrigley, T.J., Webb, K.M. and Venkitachalm, H.A., 1992. Laboratory study of struvite precipitation after
digestion of piggery wastes.Bioresour. technol., 41: 117- 121.

[4] Serafim, L.S., Lemos, O.C., Levantesi, C., Tandoi, V., Santos H. and Reis M.A.M., 2002. Methods for
detection and visualization of intracellular polymers stored by polyphosphate-accumulating
microorganisms.J. Microbiol. Meth., 51: 1-18.

[5] Kuba, T., van Loosdrecht, M.C.M. and Heijnen, J.J.,1997. Biological dephosphatation by activated sludge
under denitrifying conditions pH influence and occurrence of denitrifying. dephosphatation in a full-scale
waste water treatment plant.Water Science and Technology, 36:75-82.

[6] Mielcarek, A., Rodziewicz, J., Janczukowicz, W. and Thornton, A.,2015. The feasibility of citric acid as
external carbon source for biological phosphorus removal in a sequencing batch biofilm reactor
(SBBR).Biochemical Engineering Journal, 93:102-107.

[7] Lee, H. and Yun, Z., 2014. Comparison of biochemical characteristics between PAO and DPAO sludges.
Journal of Environmental Sciences, 26:1340-1347.

[8] Saito, T., Brdjanovic, D. and van Loosdrecht, M.C.M., 2004. Effect of nitrite on phosphate uptake by
phosphate accumulating organisms. Water Research, 38: 3760-3768.

[9] Pauli, A.S. and Kaitala, S.,1997. Phosphate uptake kinetics by Acinetobacter isolates.Biotechnol.Bioeng., 53:
304-309.

[10] Rodier, J., Legube, B. and Merlet, N., 2009. L’analyse de I’eau. Dunod Paris, p :1526

[11] Hollender J., van der Krol, D., Kornberger, L., Gierden, E. and Dott, W., 2002. Effect of different carbon
sources on the enhanced biological phosphorus removal in a sequencing batch reactor. World Journal
of Microbiology and Biotechnology, 18 (4): 355-360.

[12] Kargi, F., Uygur, A., Baskaya, H.S., 2005. Phosphate uptake and release rates with different carbon
sources in biological nutrient removal using a SBR. J Environ Manage, 76(1): 71-5.

[13] Krishnaswamy, U., Muthusamy, M. and Perumalsamy, L., 2009. Studies on the Efficiency of the Removal
of Phosphate Using Bacterial Consortium for the Biotreatment of Phosphate Wastewater. European Journal
of Applied Sciences, 1: 06-15.

[14] Krishnaswamy, U., Muthusamy, M. and Perumalsamy, L., 2011. Biological removal of phosphate from
synthetic wastewater using bacterial consortium. Iranian Journal of Biotechnology, 9(1): 37-49

[15] Cohen, G.N., 2011. Microbial Biochemistry. 2" Edition. Springer, p 500.

[16] Kohler, J., Caravaca, F., Carrasco, L., and Roldan, A., 2007. Interactions between a plant growth-
promoting rhizobacterium, an AM fungus and a phosphate-solubilising fungus in the rhizosphere of
Lactuca sativa. Appl. Soil Ecol. 35:480-487.

[17] Ramasamy, K., Joe M.M., Kim, K., Lee S., Shagol, C., Rangasamy, A., Chung, J., Islam, M. R. and
Tongmin, S., 2011. Synergistic Effects of Arbuscular Mycorrhizal Fungi and Plant Growth Promoting
Rhizobacteria for Sustainable Agricultural Production, Korean J. Soil Sci. Fert. 44(4) : 637-649

[18] Arthurson, V., Hjort, K., Muleta, D., Jaderlund, L., and Granhall, U., 2011. Effects on Glomus mosseae
root colonization by Paenibacillus polymyxa and Paenibacillus brasilensis strains as related to soil, P-
availability in winter wheat. Appl. Environ. Soil Sci. 2011:1-9

[19] Garrity, G.M., D. J. Brenner, N. R. Krieg, J. T. Staley, Bergey's Manual of Systematic Bacteriology.
Volume Two: The Proteobacteria (Part B): The Gammaproteobacteria. Springer, p1108.



J. Appl. Environ. Biol. Sci., 5(5)1-5, 2015

[20] Christensson, M., Blackall L.L. and T. Welander, 1998. Metabolic transformations and characterization of
the sludge community in enhanced biological phosphorus removal systems. Appl. Microbiol.
Biotechnol., 49: 226-234.

[21] Bond, P.L., Erhart, R., Wagner, M., Keller, J. and Blackall, L.L., 1999. Identification of some of the
major groups of bacteria in efficient and non-efficient biological phosphorus removal activated sludge
systems. Appl. Environ. Microbiol., 65: 4077-4084.

[22] Kawaharasaki, M., Tanaka, Y., Kanagawa, T.and Nakamura, K., 1999. [n situ identification of
polyphosphate-accumulating bacteria in activated sludge by dual staining with rRNA-targeted
oligonucleotide probes and 4’-6-diamino-2-phenylindol (DAPI) as a polyphosphate-probing
concentration, Water Res., 33: 257-256.

[23] Levantesi, C., Serafim, L.S., Crocetti, G.R., Lemos, P.C, Rossetti, S., Blackall, L.L., Reis, M.A.,
and Tandoi, V., 2002.Analysis of the microbial community structure and function of a laboratory scale
enhanced biological phosphorus removal reactor. Environ Microbiol., 4: 559-569.

[24] Mudaly D.D., Atkinson B.W. and Bux F., 2000. Microbial community profile of a biological excess
phosphorus removal (BEPR) activated sludge system using a cultivation independent approach. Water SA,
26 (3): 343-352

[25] Wagner, M., Erhart R., Manz W., Amann R., Lemmer H., Wedi D.and Schleifer
K.H., 1994. Development of an rRNA-targeted oligonucleotide probe specific for the
genus Acinetobacter and its application for the in situ monitoring in activated sludge. Appl. Environ.
Microbiol., 60: 792—-800.



