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and nitrogen removal bacteria and poly-phosphate bacteria
(in-pots experiment)

Nguyen Thi Xuan My*, Le Van Hien?, Dao Thi Minh Chau®, Cao Ngoc Diep*
Department of Microbiology Biotechnology, Can Tho University, VIET NAM

Abstract— Piggery wastewater is a type of wastewater which contains large amounts of nitrogen and phosphorus, therefore
it needed to be treated before releasing to directly to the environment. The combination between struvite precipitation and
nitrogen removal and poly-P bacteria into wastewater for piggery wastewater treatment has been found to be a cost-effective
practice, a iable technology in terms of environmental protection and sustainability, especially in the developing-countries.
For optimum struvite crystallization from piggery wastewater, the Mg:PO4 molar ratio as (1.2:1) was used, the pH of
reaction was adjusted to 9 and the sample was stirred continuously during 40 minutes. The supernatant sample was then
added 1% nitrogen removal bacteria (Pseudomonas stutzeri D3b strain) and 1% poly-P bacteria (Kurthia sp. TGT1013L
strain), 5 g glucose/L and aeration 12/24h during 3 days, ammonium concentration reduced significantly from 1271 mg/L to
1.2 mg/L and orthophosphate concentration decreased noticeably from 24.91 mg/L to 16.1 mg/L.
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l. INTRODUCTION

Wastewaters contain a high amount of organic matter, nitrogen and phosphorus [1], a considerable amount of Mg [2],
different macro and micro elements [3], and heavy metals [4,5,6] due to which it is considered as one of the major polluting
agents discharged into the environment. The livestock waste stream is therefore, very rich in phosphorus. A significant
amount of nitrogen comes out through excreta as a residue of protein supplement as well as dead animals. Improper
management of livestock waste creates a nuisance and obnoxious environment which also greatly affect on public health.
Some forms of nitrogen (ammonia, nitrite, and nitrate) and phosphorus (orthophosphate and monophosphate) produce
toxicity in the water and affect on aquatic life. It is obligatory to remove nitrogen and phosphorus from wastewaters before
discharging it into the water stream to create an eco-friendly, pollution-free environment. So, many countries are paying
attention to water pollution resulted from wastewaters, and have tightened legislation and discharging standards.

Great efforts have been done by researchers for the removal of nitrogen from wastewater through biological nitrification and
denitrification [7], ammonia-stripping [8], electrochemical conversion [9], ion exchange [6][10], microwave irradiation 11]
and struvite precipitation [12].

Wastewater that contains high concentration of N, and P is an effective source of struvite recovery. In recent years, struvite
has been recovered from different types of wastewaters, such as swine wastewater [1][2][13][14], calf manure wastewater
15], leather tanning wastewater [16], sewage sludge [17], dairy wastewater [18], wasted sludge [19], digester supernatant
[20][21], industrial wastewater [22], municipal land fill leachate [23], lagoon wastewater [24], poultry manure wastewater
[25], agro-industrial wastes [26], slaughterhouse wastewater [27], anaerobic digester effluents [28], synthetic wastewater
[29], slurry type swine wastewater [23], animal manure [30], urine [31] and fertilizer plant wastewater [32]. Recently,
struvite has been produced from wastewaters using microbial fuel cells by Ichihashi and Hirooka [33]. Struvite is a
crystalline substance consisting of magnesium, ammonium and phosphorus in equal molar concentrations (MgNH4PO,.
6H,0). The crystals form in an alkaline condition according to the reaction shown below [34].

Mgz++ NH4+ +H2PO4 + 6H20 —_— MgNH4PO4> + 6Hzo + 2H2

This study investigates the following steps: (1) struvite pretreatment of raw piggery wastewater (after biogas), (2) applying
nitrogen removal bacteria and poly-P bacteria to remove N and P out wastewater. The objectives of this study were: (1) to
investigate the effects of pH and molar ratios for magnesium, and phosphate ions on ammonia N and phosphate P removal
from raw piggery wastewater, (2) to apply nitrogen removal bacteria and poly-P bacteria to enhance the waste disposal
process.
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1. MATERIAL AND METHOD

The composition of raw piggery wastewater used in this study (collected from Pig farm, Binh Minh dist., Vinh Long
province, Vietnam) was presented in Table 1.

TABLE 1
THE MAJOR COMPOSITION OF RAW PIGGERY WASTEWATER

pH 7.8
TSS (mg/L) 332
NH," (mg/L) 1271
PO,* (mg/L) 50
BODs (mg/L) 640

2.1  Chemicals

Magnesium sulphate octahydrate (MgSO,7H,0) and Calcium dihydrogen phosphate Ca(HPO,)2.H,O were employed as
magnesium and phosphate sources, respectively. pH was adjusted using 10 and 6 M sodium hydroxide, as well as
concentrated sulfuric acid (98%). All chemicals used in the study are analytical grade.

2.2 Struvite precipitation

The initial precipitation experiments for optimization were carried out in 1-L beakers. Precipitation was initiated with the
addition of the desired amount of MgSO,7H,0 and Ca(HPO4)2.H,0 at stoichiometric ratios with pH adjusted by using
NaOH. Mixing with the use of magnetic stirrer was continued until a steady pH. During MAP reaction, the pH of samples
was adjusted to desired values by adding gradually 6N or 10N NaOH. Subsequent to this, the mixtures were allowed to settle
for 30 min and the supernatant samples were collected for ammonium and orthophosphates analyses. Chemicals were added
into piggery wastewater to receive struvite, applying to equation as follows:

m= (n-ayxM
with
- mis weigh of chemicals adding into landfill leachate (MgSO,.7H,0 and Ca(H,P0,)2.H,0)
- n(nmol) of mol NH," in 1 litre landfill leachate
- a(nmol) of mol Mg?* (or PO,*) in 1 litre landfill leachate
- M s block molecule of MgSO,.7H,0 and Ca(H,P0,4)2.H,0
2.3 Effects of pH, ratio of mol Mg and PO, and stirring time on struvite crystallization

Expl. The pH treatments were estimated at 8, 9, 10 while control was not adjusted pH. The Mg®":NH,":PO,* molar ratio
was controlled at 1:1:1 . Each treatment replicated 3 times and the volume of reaction was 0.5 L piggery wastewater.

Exp.2. Based on the result of preliminary test (Exp. 1), the subsequence was then carried out at the optimum pH. Five ratios
of mol (Mg®":NH,":PO,*) ratio of 1:1:1, 1.2:1:1, 1.5:1:1, 1:1:1.2 and 1:1:1.5 were estimated with three replications, each
replication was 1 beaker 1-L containing 0.5 L piggery wastewater.

Exp. 3. Optimal stiring time (0, 10, 20, 40, 60, 80, 100 and 120 min) was conducted with three replications, and each
replication was a beaker 1-L containing 0.05 L piggery wastewater.

The objective of these three experiments was not only the highest struvite precipitation but also removed ammonium and
orthophosphate out of piggery wastewater.

Piggery wastewater samples after precipitation process above were filtered through filter paper (@11 cm, Hangzhou Special
Paper Industry Co. Ltd, Zhejiand, China) and the supernatant samples were analysed ammonium and orthophosphate
concentration at Advanced Lab., Can Tho University, Vietnam.
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2.4  Application of nitrogen removal bacteria and poly-P bacteria in piggery wastewater treatment

After experiment 3, the supernatants (of piggery wastewater) were analysed ammonia and orthophosphate concentration, and
they were then added nitrogen removal bacteria (Pseudomonas stutzeri D3b strain) [35] and poly-P bacteria (Kurthia sp.
TGTO13L strain) [36] (1.0%), glucose (5 g/L), aeration with different times (6, 12, 18 and 24/24 h). The experiment was
completely randomized design with 3 replications, the experiment consisted of 6 treatments as follows:

1. T1: control [without bacteria and aeration],

T2: piggery wastewater [after withdrawal struvite] without bacteria and aeration,
T3: T2 applied D3b + TGT13L + aeration 6/24h

T4: T2 applied D3b + TGT13L + aeration 12/24h

T5: T2 applied D3b + TGT13L + aeration 18/24h

e o k& w DN

T6: T2 applied D3b + TGT13L + aeration 24/24h
Each treatment was one 2-L plastic container containing 1L piggery wastewater

The result from the above experiment was done with 10-L bigger plastic container containing 5 litres piggery wastewater and
the experiment with only two treatments as control and optimal treatment were conducted with 3 replications.

2.5  Analytical methods

NH,*-N (Colometric method or Phenol nitroprusside method) [37], COD, BOD, Orthophosphate (Colormetric method) and
pH (pH meter) were determined by Advanced Analyses Laboratory, Can Tho University, Viet Nam.

l. RESULTS AND DISCUSSIONS

In Table 2 showed that the optimization of struvite precipitation for pretreatment of the raw piggerry wastewater was pH 9
(21.17 g/L) and at pH 9 obtained at the theoretical stoichiometric ratio of Mg?*:NH,":PO,* ratio of 1.2:1:1 the highest
struvite precititation (26.34 g/L).

TABLE 2
EFFECTS OF PH AND MG:PO, ON AMOUNT OF STRUVITE CRYSTALLIZATION

Control* 19.57 1 mol Mg : 1 mol PO, 32.71
pH=8 31.57 1.2 mol Mg : 1 mol PO, 34.47
pH=9 32.03 1.5 mol Mg : 1 mol PO, 35.20
pH=10 29.97 1 mol Mg : 1.2 mol PO, 37.47
LSD.01 1.70 1 mol Mg : 1.5 mol PO, 44.37

C.V (%) 2.20 LSD.01 0.88

C.V (%) 0.89

After 20 minute stiring, 1.773 g struvite was formed from 50 ml piggery wastewater and this stirring time was the best in
comparison with others or the optimal stirring time for struvie formation (Figure 1)

1.773

1.773

1770 1.770

2min  10min  20min  40min  60min  80min 100min 120min

FIGURE 1. EFFECTS OF STIRRING TIME (min) ON STRUVITE FORMATION (g/50 mL PIGGERY WASTEWATER)
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Over 80.0% of ammonium (509 mg/L NH4-N) and orthophosphate (169 mg/L) were removed at pH 9, with a residual
concentration of 126.2 mg/L NH,-N and 42.1 mg/L PO,_P as depicted in Figure 2, thus indicated that pH 9 was the most
suitable for struvite formation for the raw piggery wastewater under investigation. Similarly, molar ratio Mg:PO4 (1:1.2) was
the best molar molecule to remove ammonium and orthophosphate in piggery wastewater (Figure 3).
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FIGURE 2. EFFECT OF pH oN NH,*-N and PO,*
REMOVAL DURING STRUVITE FORMATION

FIGURE 3. EFFECT OF MOL Mg:PO, on NH,"-N and
PO,* REMOVAL DURING STRUVITE FORMATION

From the above results (Table 2, Figure 2, Figure 3), pH 9, mol Mg:PO, (1:1.2:1) were chosen the optimal conditions for
sturvite formation and the low ammonium and orthophosphate in piggery wastewater.

In experiment 3, the piggery wastewater was adjusted at pH 9 and mol Mg:PO, (1:1.2:1), the stiring time or aeration began,
the result from Figure 4 showed that ammonium concentration reduced to 10-min and ammonium concentration increased to
70 mg/L at 40-min, after the this time ammonium reduced to the time (to 120-min) but orthophosphate concentration in
piggery wastewater enhanced from 7.93 mg/L to 9.96 mg/L at 40-min and orthophosphate concentration reduced slowly to
120-min. At 100-min and 120-min, ammonium concentration in piggery wastewater reduced the lowest (3.93 and 1.41 mg/L
NH;-N) perhaps ammonium in wastewater was escaped to the air by the stirrer however struvite formation at all the times
was not difference (Figure 1). To save energy for electricity, 10-min was choose in this experiment because at this time low
ammonium and orthophosphate concentration in wastewater.
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FIGURE 4. EFFECT OF STIRRING TIME ON NH,*-N and PO,* REMOVAL CONCENTRATION
3.1  Effects of nitrogen removal bacteria and poly-P bacteria in piggery wastewater treatment

In experiment 1-L, application of nitrogen removal bacteria (D3b strain) and poly-P bacteria (TGTO13L strain) into piggery
wastewater reduced ammonium concentration to the time however aeration 12/24 h (NT4) reduced ammonium concentration
at day 3 and saved energy (only aeration 12/24 h compared to 18/24 or 24/24 h) (Figure 5).
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FIGURE 5. EFFECTS OF NITROGEN REMOVAL BACTERIA AND POLY-P BACTERIA ON AMMONIUM
CONCENTRATION IN PIGGERY WASTEWATER

However, orthophosphate concentration in piggery wastewater of treatments (NT4 and NT6) reduced from day 1 to day 3
after that PO, concentration induced to 18 and 20 mg/L PO,/L perhaps aeration increased PO, level in piggery wastewater,
and PO, concentration of treatment 2 (NT2), NT3, and NT4 increased in day 2 after that decreased from day 3 to day 6,
especially control treatment had orthophosphate concentration lower during 6 days, this demonstrated that aeration supported
to increasing PO, in wastewater. Herewith day 3 reduced ammonium concentration (Figure 5), day 3 was chosen to low PO,
concentration (Figure 6) for experiment 5L.
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FIGURE 6. EFFECTS OF NITROGEN REMOVAL BACTERIA AND POLY-P BACTERIA ON ORTHOPHOSPHATE
CONCENTRATION IN PIGGERY WASTEWATER

Struvite crystallization process is an effective eco-friendly process that removes and recovers P and N from wastewaters. The
hazardous elements in wastewaters (mainly NH4 and PO,) might be converted to a valuable resource through this process.
So, the optimization of Mg molar ratio, pH level, aeration rate, reaction time and temperature would enhance the quality as
well as production.

The pH plays an important role during the struvite precipitation process. Struvite or MAP can be precipitated at a wide range
of pH (7.0-11.5), but the suitable pH ranges between 7.5 to 9.0 [38]. Efficiency of MAP precipitation depends on the
concentration and molar ratios of Mg," NH.,* , & PO, , pH, aeration rate, temperature, and presence of Ca”" in the reacting
media [25][38][39][40].

It is found that a wide range of PO, and Mg ratio was applied for struvite precipitation, but in most cases, the effective ratio
was 1:1 or 1:1.2 (Rahman et al., 2011)[12]. The addition of chemicals to the wastewaters would be needed to provide an
equimolecular condition of PO, and Mg. Yetilmezsoy and Zengin [25] conducted a series of experiments to see the effect of
Mg, NH, and PO, ratio on struvite precipitation and nitrogen removal efficiency.

Air flow plays an important role in the removal of NH4-N from the solution. Air flow agitates the solution and creates a
removal pathway for dissolved ammonia to volatilize from the solution. Moreover, air flow dilutes the concentration of gas-
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phase NH,4-N and increase the driving force for dissolving NH,4-N to separate the gaseous phase. So, there is an increasing
tendency for ammonia volatilization with increasing airflow rate. Yetilmezsoy and Zengin [25] stated that a sufficient
aeration time should be provided to achieve high removal efficiencies. They obtained about 93.4% NH,4-N removal with an
aeration rate of 0.6 L min™ within a period of 24 h. They also found the highest NH,-N removal (95.3%) in 12 h reaction
time with an aeration rate of 10 L min™. Lei et al. [41]found about 60.2% ammonia removal with an aeration rate of 0.6 L
min 1 in a reaction time of four hours. On the contrary, they achieved the same removal efficiency without aeration in a
period of 24 h. Liu et al. [5][6]found that struvite formation is proportional to the aeration rate and reached a plateau at
around 0.73 L min™.

Pseudomonas stutzeri strain D3b was isolated from in wastewater of catfish fish-ponds in the Mekong Delta and its
application for wastewater treatment effectively [35]. Application of Pseudomonas stutzeri D3b strain and Acinetobacter
Iwoffii TN7 strain to remove ammonia in wastewater of biowaste was carried out to evaluate their ability of ammonia
removal at different concentrations with and without aeration condition in laboratory; The results showed that these species
had ammonia removal ability effectively at both 50 mg/l and 100 mg/l ammonia. Pseudomonas stutzeri strain D3b and
Acinetobacter Iwoffii strain TN7 are the best bacterial species to remove ammonia. Besides that, both of species removed
ammonia in aerobic condition better than anaerobic condition. In three days, the ammonia removal efficiency of
Pseudomonas stutzeri D3b were 97.2% and 98.57% and Acinetobacter lwoffii TN7 were 96.32% and 98.31% in 50 mg/l and
100 mg/l ammonia concentrations in wastewater of biowaste, respectively [42]. Polyphosphate accumulating organisms
(PAOs) is known as the microorganisms to absorb free phosphate in the environment and assimilate them as intracellular
polyphosphate (poly-P) particles. This process was viewed as enhanced biological phosphorus removal (EBPR) in
wastewater treatment systems [43][44][45]. Khoi et al. [36] applied Kurthia sp. TGTO13L to remove orthophosphate in
wastewater effectively.

V. CONCLUSION

Production of struvite from wastewaters will reduce the hazard of eutrophication in the water bodies by removing N and P.
Production of struvite from wastewater and its utilization as fertilizer would partially help to reduce global warming and thus,
it would be an effective eco-friendly fertilizer.

Treatment of piggery wastewater consisting of struvite eviction and removal of nitrogen and phosphate using nitrogen
removal bacteria and poly-P bacteria were high effectiveness and low cost with process as follows:
Added Mg PO (1.2:1)

Adjusted pH 9
Stirring in 10 minutes

1% N-removal bacteria

- 1% poly-P bacteria
5 g glucose/L
: Aeration 12/24h
Piggery wastewater Sup ernatant +| 3 days
1271 mgL NH,
2491 mgL PO, -

1.2 mgL NHy
16.1 mgL POy

Reached to

QCVN_40/2011/BTNMT

ACKNOWLEDGEMENT

This study was sponsored by Can Tho University, Viet nam.

REFERENCES

[1] L.W. Deng, P. Zheng, and Z.A. Chen, “Anaerobic digestion and post-treatment of swine wastewater using IC-SBR process with
bypass of raw wastewater.” Process Biochem. Vol. 41, 2006, pp. 965-969.

Page | 70



International Journal of Environmental & Agriculture Research (IJOEAR) ISSN.[2454-1850] [Vol-3, Issue-12, December- 2017]

[2] K. Suzuki, Y. Tanaka, K., Kuroda, D. Hanajima, Y. Fukumoto, T. Yasuda, and M. Waki, “Removal and recovery of phosphorous
from swine wastewater by demonstration crystallization reactor and struvite accumulation device”. Bioresour. Technol. Vol. 98, 2007,
pp.1573-1578.

[3]1 M.L Ali, “Struvite crystallization from nutrient rich wastewater.” Ph. D thesis. School of Engineering, James Cook University,
Townsville, Australia., 2005

[4] Y.H. Liu, J.H., Kwag, J.H., Kim, and C.S. Ra, “Recovery of nitrogen and phosphorus by struvite crystallization from swine
wastewater”. Desalination vol. 277, 2011a, pp.364—369.

[5] Y.H.Liu, M.M, Rahman, J.H., Kwag, J.H., Kim, and C.S. Ra, “Eco-friendly production of maize using struvite recovered from swine
wastewater as a sustainable fertilizer source.” Asian-Aust. J. Anim. Sci. vol. 24, 2011b. pp.1699-1705.

[6] Y.H.Liu, S. Kumar, J.H. Kwag, J.H., Kim, J.D.Kim, and C.S Ra, “Recycle of electrolytically dissolved struvite as an alternative to
enhance phosphate and nitrogen recovery from swine wastewater.” J. Hazard. Mater. Vol. 195, 2011c, pp.175-181.

[7] U. Welander, T. Henrysson, and T., Welander, “Biological nitrogen removal from municipal landfill leachate in a pilot scale
suspended carrier biofilm process.” Water Res. Vol. 32, 1998, pp. 1564-1570.

[8] A.Bonmati, and X. Flotats, “Air stripping of ammonia from pig slurry: characterization and feasibility as a pre- of post-treatment to
mesophilic anaerobic digestion. Waste Manage. (Oxford) vol. 23, 2003, pp.261-272.

[9] K.W. Kim, Y.J. Kim, I.T. Kim, G.I. Park, and E.H.Lee, “Electrochemical conversion characteristics of ammonia to nitrogen”. Water
Res. Vol. 40, 2006, pp.1431-1441.

[10] B.Y. Jeong, S.H. Song, B.K..Baek, I.H. Cho, and T.S. Hwang, “Preparation and properties of heterogeneous cation change membrane
for recovery of ammonium ion from waste water.” Polymer (Korea) vol. 30, 2006, pp.486—491.

[11] J.H. Cho, J.E, Lee, and C.S Ra, “Microwave irradiation as a way to reutilize the recovered struvite slurry and to enhance system
performance”. J. Anim. Sci. Technol. Vol. 51, 2009, pp.337-342.

[12] M.M. Rahman, Y.H. Liu, J.H. Kwag, and C.S. Ra, “Recovery of struvite from animal wastewater and its nutrient leaching loss in
soil”. J. Hazard. Mater. Vol. 186, 2011, pp.2026-2030.

[13] N.O. Nelson, R.L. Mikkelsen, and D.L. Hesterberg, “Struvite precipitation in anaerobic swine lagoon liquid: effect of pH and Mg:P
ratio and determination of rate constant.” Bioresour. Technol. Vol. 89, 2003, pp.229-236.

[14] K. Suzuki, Y. Tanaka, K. Kuroda, D. Hanajima, and Y. Fukumoto, “Recovery of phosphorous from swine wastewater through
crystallization.” Bioresour. Technol. Vol. 96, 2005, pp.1544—1550.

[15] R.D. Schuiling, and A. Andrade, “Recovery of struvite from calf-manure”. Environ. Technol. Vol. 20, 1999, pp.765-768.

[16] O. Tunay, I, Kabdasli, D. Orhon, and S. Kolcak, “Ammonia removal by magnesium ammonium phosphate precipitation in industrial
wastewaters”. Water Sci. Technol. Vol. 36, 1997, pp.225-228.

[17] E.V. Munch, and K. Barr, “Controlled struvite crystallisation for removing phosphorus from anaerobic digester sidestreams.” Water
Res. Vol. 35, 2001, pp.151-159.

[18] M.S. Massey, J.G. Davis, R.E. Sheffield, and J.A. Ippolito, ‘Struvite production from dairy wastewater and its potential as a fertilizer
for organic production in calcareous soils’. In: International Symposium on Air Quality and Waste Management for Agriculture. CD-
Rom Proceedings of the 16-19 September 2007, Conference (Broomfield, Colorado), USA. ASABE Publication Number
701P0907cd.

[19] Y. Jaffer, T.A. Clark, P. Pearce, and S.A. Parsons, “Potential phosphorus recovery by struvite formation” Water Res. Vol. 36, 2002,
pp. 1834-1842.

[20] P. Battistoni, M.P., Pavan, M. Prisciandaro, and F. Cecchi, “Struvite crystallization: a feasible and reliable way to fix phosphorous in
anaerobic supernatants.” Water Res. Vol. 34, 2000, pp.3033-3041.

[21] L. Pastor, D. Mangin, J. Ferrer, and A. Seco, “Struvite formation from the supernatants of an anaerobic digestion pilot plant.”
Bioresour. Technol. Vol. 101, 2010, pp.118-125.

[22] G.E. Diwani, S.E. Rafie, N.N.E.Ibiari, and H.I. El-Aila, “Recovery of ammonia nitrogen from industrial wastewater treatment as
struvite slow releasing fertilizer”. Desalination vol. 214, 2007, pp.200-214.

[23] B.U. Kim, W.H. Lee, H.J. Lee, and J.M. Rim, “Ammonium nitrogen removal from slurry-type swine wastewater by pretreatment
using struvite crystallization for nitrogen control of anaerobic digestion”. Water Sci. Technol. Vol. 49, 2004, pp.215-222.

[24] P.W. Westerman, K.D. Zering, and Rashash, “Struvite crystallizer for recovering phosphorous from lagoon and digester liquid.”
Unpublished article. NC State University collaborative Extension program, USA. The article is available in:
http://www.bae.ncsu.edu/programs/extension/manure/lagoon/ag-724w_struvite_crystallizer.pdf., 2009

[25] K. Yetilmezsoy, and Z.S., Zengin, “Recovery of ammonium nitrogen from the effluent of UASB treating poultry manure wastewater
by MAP precipitation as a slow release fertilizer.” J. Hazard. Mater. Vol. 166, 2009, pp. 260—269.

[26] W. Moerman, M. Carballa, A. Wandekerckhove, D. Derycke, and W. Werstraete, “Phosphate removal in agro-industry: pilot-and full-
scale operational considerations of struvite crystallization”. Water Res. Vol. 43, 2009, pp.1887-1892.

[27] I. Kabdasli, P. Ozcan, and O. Tunay, “Nitrogen removal by magnesium ammonium phosphate precipitation in slaugtheryhouse
wastewater”. Su Kirlenmesi Kontrolu Dergisi. Vol, 13, 2003, pp.13-18.

[28] I. Celen, and M. Turker, “Recovery of ammonia as struvite from anaerobic digester effluents” Environ. Technol. Vol. 22, 2001,
pp.1263-1272.

[29] A. Adnan, F.A. Koch, and D.S. Mavinic, “Pilot-scale study of phosphorus recovery through struvite crystallisation-11: applying in-
reactor supersaturation ratio as a process control parameter”. J. Environ. Eng. Sci. vol. 2, 2003, pp. 473-483.

Page | 71


http://www.bae.ncsu.edu/programs/extension/manure/lagoon/ag-724w_struvite_crystallizer.pdf

International Journal of Environmental & Agriculture Research (IJOEAR) ISSN.[2454-1850] [Vol-3, Issue-12, December- 2017]

[30] R.T. Burns, and L.B. Moody, “Phosphorus recovery from animal manures using optimized struvite precipitation”. In: Proceedings of
Coagulants and Flocculants: Global Market and Technical Opportunities forWater Treatment Chemicals, Chicago, Illinois.May, 2002,
pp. 22-24

[31] B. Etter, E. Tilley, R. Khadka, and K.M. Udert, “Low-cost struvite production using source-separated urine in Nepal. Water Res. Vol,
45, 2011, pp.852-862.

[32] R. Yu, J. Geng, H. Ren, Y. Wang, and K. Xu, “Struvite pyrolysate recycling combined with dry pyrolysis for ammonium removal
from wastewater”. Bioresour. Technol. Vol. 132, 2013, pp.154-159.

[33] O. Ichihashi, and K. Hirooka, “Removal and recovery of phosphorus as struvite from swine wastewater using microbial fuel cell”.
Bioresour. Technol. Vol. 114, 2012, pp.303-307.

[34] N.C. Bouropoulos, and P.G. Koutsoukos, “Spontaneous precipitation of struvite from aqueous solutions”. J. Cryst. Growth. Vol. 213,
2000, pp. 381-388.

[35] C.N. Diep, C. N., P. M. Cam, N. H. Vung, T T. Lai and N. T. Xuan My, “Isolation of Pseudomonas stutzeri in wastewater of catfish
fish-ponds in the Mekong Delta and its application for wastewater treatment.” Bioresource Technology. Vol. 100, 2009, pp. 3787-
3791.

[36] Khoi, L. Q., T. T. Ngon va C. N. Bi¢p, ‘Ung dung vi khuan tich luy poly-Phosphate dé loai bé phosphate hoa tan trong nudc thai.”
Tuyén tap Hoi nghi khoa hoc cong nghé sinh hoc toan quéc tb chirc ngay 27 thang 9 ndm 2013 tai Ha Noi. Nha xudt ban Khoa hoc Ty
nhién va Cong nghé, Vién Han Iam Khoa hoc va Cong nghé Viét nam, Ha Noi, Quyén 2, 2013, pp.284-288. (Vietnamese)

[37] D.R. Keeney, and D. W. Nelson. “Nitrogen-inorganic forms. In: Page, A.L.R.H. Miller and D.R. Keeney (eds.) Methods of soil
analysis”. Part 2-Chemical and microbiological properties. (2nd Ed.). Agronomy 9, 1982 pp.643-698.

[38] X.D. Hao, C.C. Wang, L. Lan, and M.C.M. Von Loosdrecht, “Struvite formation, analytical methods and effects of pH and Ca*".”
Water Sci. Technol. Vol. 58, 2008, pp.1687-1692.

[39] L. Stratful, M, Scrimshaw, and J. Lester, “Conditions influencing the precipitation of magnesium ammonium phosphate”. Water Res.
Vol. 35, 2001, pp.4191-4199.

[40] K.S. Le Corre, E. Valsami-Jones, P. Hobbs, and S.A. Parsons, “Impact of calcium on struvite crystal size, shape and purity”. J. Cryst.
Growth. Vol. 283, 2005, pp. 514-522.

[41] X. Lei, S. Shimada, K. Intabon, and T. Maekawa, “Pretreatment of methane fermentation effluent by physico-chemical processes
before applied to soil trench system.” Agric. Eng. Int.: CIGR E J. vol. 8, 2006, 1-15.

[42] C.N. Diep, C. N. va N. T H. Nam, “Ung dung vi khuén Pseudomonas stutzeri va Acinetobacter Iwoffii loai bo amoni trong nuéc thai
ttr rdc hitu co. Tap chi Khoa hoc Trudng Dai hoc Can Tho, vol. 22b, 2012, 1-8. (Vietnamese)

[43] P.L. Bond, R. Erhart, M. Wagner, J. Keller, and L. L. Blackall, “Identification of some of the the major groups of bacteria in efficient
and non-efficient biolical phosphorus removal activated sludge systems” Appl. Environ. Microbiol., vol. 65(9), 1999, pp. 4077-4088.

[44] T. Mino, M.C.M.Van Loosdrecht and J. J. Heijnen, “Microbiology and biochemistry of the enhanced biological phosphate removal
process.” Water Res. Vol. 32, 1996, pp.3193-3207.

[45] A.P.C. Oehmen, G. Lemos, Z. Carvalho, J. Yuan, L. Keller, L. Backall, and M.A.M.Reis, ”Advances in enhanced biological
phosphorus removal: from micro to macro scale. Water Research. Vol. 41, 2007, pp. 2272-2300.

Page | 72



