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ABSTRACT

Swine wastewater containing high concentration of phosphorus (P) and nitrogen (N) was
treated by struvite precipitation method. The pH showed to have strong influence on N and
P removal, whereas the excess of ammonia in the reaction medium did not show influence.
The precipitated crystals were identified and analyzed by X-ray diffraction (XRD), thermo-
gravimetric analysis (TGA), atomic force microscopy (AFM), and surface area (BET) reveal-
ing that there was the formation of a pure and crystalline phase mesostructured at pH 9.5
with an average crystal size in nanometric scale.
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1. Introduction

Swine wastewater contains high concentration of
phosphorus (P) and nitrogen (N), and the removal of
these pollutants from wastewater is important to main-
tain water quality, because its direct disposal in the
environment can cause problems as the eutrophication
[1]. Ammonia in wastewater is usually removed by
biological methods such as autotrophic nitrification
(conversion of NH4+ to NO3�) [2] and heterotrophic
denitrification (conversion of NO3� to gaseous nitro-
gen) [3]. Phosphorus may be removed from wastewa-
ter by biological [4] and chemical [5] treatments.
However, the struvite precipitation method is interest-
ing because it simultaneously removes and recovers P
and N from wastewater [6]. Struvite is a crystalline

solid with equal molar concentrations of magnesium,
ammonium, and phosphorus (MgNH4PO4·6H2O).

Struvite has been obtained from washing wastewa-
ter [7], nylon wastewater [8], sewage sludge [9], poultry
wastewater [10], swine wastewater [11,12], and munici-
pal landfill leachate [13] and in the synthetic form [14].
Struvite is used as a slow-release fertilizer [15]. There-
fore, the production of struvite is an alternative for add
value to swine wastewater, besides to decrease the
impact caused by its disposal into the environment.
Although there are many works in literature reporting
the phosphorus and nitrogen removal by struvite
precipitation method from swine wastewater, there are
few studies reporting/comparing the simultaneous
effects of pH and excess of ammonia in the reaction
medium on the formation of struvite, since the charac-
teristic of material formed as well as the recovering
efficiency can be influenced by these variables.
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In this context, the removal of phosphorus and
nitrogen by struvite crystallization of swine wastewa-
ter has been investigated. The effects of pH and excess
of ammonia in the reaction medium have been stud-
ied. The synthesized nanocrystals were analyzed by
XRD, TGA, AFM, and BET area.

2. Materials and methods

2.1. Treatment of swine wastewater

The swine wastewater sample used in this work
was collected from a farm local. The sample was
stored and preserved at 4˚C until analysis. The sample
was centrifuged at 3500 rpm for 10min to separate the
solids, and the supernatant was used for chemical
analysis. The characteristics of the swine wastewater
are summarized in Table 1.

The system consisted of a glass batch reactor
(11� 11� 17 cm) with a total volume of 2.0 L, consti-
tuted of a paddle of diameter 7.5 cm and height of
2.5 cm. The working volume of the reactor was 1.0 L.
The reactor was operated under agitation of 200 rpm,
at room temperature (25˚C). Analytical grade chemi-
cals (MgO, HCl, H3PO

3�
4 , and NaOH) were used as

received. The amounts of MgO powder, HCl (4M),

and H3PO
3�
4 (4M) used in tests were calculated

according to the concentration of PO3�
4 present in the

sample of swine wastewater (see Table 1). The synthe-
sis of struvite was evaluated in two different molar

ratios, 1:1:1 and 1:1.1:1 (Mg2þ:NHþ
4 :PO

3�
4 ), and two

different pH, 9.0 and 9.5. The pH of solution was
adjusted by adding the NaOH 4M. The formation of
struvite normally occurs in alkaline medium, and the
optimal pH value for struvite crystallization was
reported in the range of 8.0–11.0 [16,17]. The addition
of 10% molar excess of NH4Cl (1M) was used to result

in a 1:1.1:1 (Mg2þ:NHþ
4 :PO

3�
4 ). All the reaction runs

were carried out by 10min and then kept at rest for
30min. Lee et al. [18] showed that phosphorus and
nitrogen removal by struvite formation is fast and did
not change after 10min. The suspensions were filtered
through a 0.14lm membrane filter, and the precipi-
tates were washed thoroughly with distilled water
and dried at 50˚C for 6 h.

The analytical tests performed in the supernatant
were pH, PO3�

4 ;NHþ
4 , and chemical oxygen demand

(COD). The total dissolved phosphorus concentration
was determined by potassium persulfate digestion
method [19]. The nitrogen was determined with Ness-
ler reagent colorimetric method [20]. Total COD was
analyzed according to the standard methods [20]. The
pH value was measured with a potentiometer (W3B,
Italy). All analytical tests were carried out in duplicate
and only the mean values were reported. The
maximum deviation observed was about ±5.5%.

2.2. Characterization of struvite

The synthesized struvite was analyzed by X-ray
diffraction (XRD), infrared spectroscopy (IR), surface
area (BET), thermogravimetric analysis (TGA), and
atomic force microscopy (AFM). The precipitated crys-
tals were indentified using an X-ray diffractometer
(Philips, MPD 1880 model), where the X-ray source
was Cu Ka radiation, powered at 40 kV and 40mA.
The average nanocrystals size was determined
through X-ray diffraction (and reflection) line broad-
ening using the Sherrer equation: D=K·k/(b cos h),
where D is the crystallite size, K is the Sherrer con-
stant (0.90), k is the wavelength of the X-ray radiation
(0.1542495nm for Cu Ka), b is the peak width at half
height, and finally h corresponds to the peak position
(in the current study, 2h= 20.84). Thermogravimetric
analysis (TGA) was carried out on Netzsch STA 409
analyzer at a heating rate of 10˚Cmin�1 at an air flow
rate of 35mLmin�1. The morphology of solids was
examined by atomic force microscopy (Agilent Tech-
nologies 5500 equipment). The BET surface area was
obtained from nitrogen adsorption isotherms at 77K,
conducted on an ASAP 2020 (Micromeritics) system,
at a relative pressure (P/Po) from 0 to 0.99.

3. Results and discussion

3.1. Removal of organic pollutants of swine wastewater

Table 1 shows the characteristics of the swine
wastewater. As can be seen, the sample has high
nitrogen and phosphorus content, about 750 and
650mgL�1, respectively. The sample also has high
COD content, above 300mgO2L

�1.
Table 2 shows the results concerning the removal of

P and N obtained in experimental runs carried out in
this work. As observed, the excess of ammonia in reac-
tion medium did not influence the amount of P and N
removed during the struvite precipitation. However,
the pH showed significant results, since at pH 9.0 was
verified a reduction of about 83% for both P and N,
whereas at pH 9.5 the reduction was higher than 90%.

Table 1
Characteristics of the swine wastewater

Parameters Values

pH 6.5

Nitrogen (mgNL�1) 747

Total phosphorus (mgPO3�
4 L�1) 655

Total COD (mgO2L
�1) 390
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Song et al. [11] synthesized struvite from swine waste-
water and observed reductions of P and N by about
85% and 40–90%, respectively. Ichihashi and Hirooka
[12] obtained reduction of P between 70 and 82% by
struvite precipitation in swine wastewater. Çelen et al.
[21] reported removal ranging from 55 to 98% of P and
36–50% of N, for the liquid swine manure. The results
of COD obtained in this study for all the experiments
were similar, with values about 20%. Li et al. [22]
reported COD reduction of about 30% in treating
landfill leachate effluent. They suggested that after
struvite precipitation, a biological treatment process
can be accomplished to remove COD by conventional
process. Ryu and Lee [23] obtained reduction of about
47% in treating swine wastewater. Ozturk et al.
[24] reported that COD removal of about 50% was
reached in treating anaerobically pretreated raw
landfill leachate effluent by struvite crystallization.

3.2. Properties of the struvite obtained

The identification of powders was examined by
XRD (Fig. 1). As shown in Fig. 1(a), it was verified the

formation of a completely amorphous solid at pH 9.0
for both molar ratios. However, at pH 9.5 was verified
the formation of crystalline struvite. The formation of
struvite is indicated by location of the peaks,
corresponding to reference database lines for struvite
(Fig. 1(b)). From Fig. 1(a) it is seen no significant differ-
ences on position of the peaks between the synthesized
samples in different molar ratios. Some authors have
reported that optimum pH range for formation of

Table 2
Performance of the process

Test
condition

Final P
(mgL�1)

P removal
(%)

Final N
(mgL�1)

N removal
(%)

Final COD
(mgL�1)

COD
reduction (%)

1:1:1/pH: 9.0 113.2 82.7 122 83.7 323 17.2

1:1.1:1/pH: 9.0 118.4 82.0 137.4 81.6 311 20.3

1:1:1/pH: 9.5 48.2 92.6 46.1 93.8 304 22.1

1:1.1:1/pH: 9.5 50.8 92.3 54.7 92.7 317 18.7
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Fig. 1. XRD analysis of samples obtained at (a) different
pH values and molar ratios and (b) reference struvite
(JCPDS Card No. 1-077-2303).
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Fig. 2. TGA patterns of the struvite samples obtained at
pH=9.5, in molar ratios (Mg2þ:NHþ

4 :PO
3�
4 ) (a) 1:1:1 and

(b) 1:1.1:1.

Fig. 3. AFM images of the struvite samples obtained at
pH=9.5, in molar ratios (Mg2þ:NHþ

4 :PO
3�
4 ) (a) 1:1:1 and

(b) 1:1.1:1.
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struvite is very narrow and it is dependent of the qual-
ity of raw material. In previous works concerning stru-
vite precipitation of swine wastewater, the optimum
pH of 8.0–8.5 [25], 8.0–10 [26], and 9.5–10.5 [27] were
reported. If the pH is maintained at values above of
the optimum range the formation of Mg3(PO4)2 occurs
instead of struvite. On the other hand, if pH is main-
tained at values below to this range, an increase of H+

in the solution inhibiting the struvite crystallization is
observed[25]. By applying of Sherrer equation, the
average nanocrystal sizes were estimated to be 51 and
53nm, for the samples obtained at 9.5 in the molar
ratios of 1:1:1 and 1:1.1:1, respectively.

The identification of single-phase struvite of the
samples obtained at pH 9.5 was confirmed by thermo-
gravimetric analysis (TGA) (Fig. 2). The theoretical
mass loss for the struvite formula (MgNH4PO4·6H2O)
upon heating was 51.42%, which is composed of mass
losses of water (corresponding to 44.08%) and ammo-
nium (corresponding to 7.34%). According to Fig. 2,
the mass loss was about 50% for both samples
obtained at pH 9.5, corroborating with the theoretical
(51.42%) and with those reported by other researchers
(52.49% [13]; 51% [28]).

The morphology of the synthesized struvite sam-
ples at pH 9.5 was determined by means of atomic
force microscope (AFM). From Fig. 3, it is seen that
the particles are composed of small spherical nano-
grains with average size of about 50 nm for both sam-
ples that are similar to the estimated from XRD
analysis by Sherrer equation.

The N2 adsorption–desorption curves were found
to be of type IV (in accordance with IUPAC classifica-
tion) at relative pressure > ca. 0.3, as shown in Fig. 4(a).
The shape of the isotherms suggests that the sample is
basically mesoporous. It was confirmed by analysis of
pore size distribution (Fig. 4(b)), which is unimodal,
and shows spectra of pore diameter in the mesoporous
region, according to the IUPAC classification [29].

Therefore, struvite has mesopores, most likely due to
the interparticles and out-of-order porosity. The results
of surface area and total pore specific volume (at P/
Po = 0.95) were 6.70m2 g�1 and 0.0264 cm3 g�1, and
5.73m2 g�1 and 0.0125 cm3 g�1, for the samples
obtained at pH 9.5, in molar ratios (Mg2þ:NHþ

4 :PO
3�
4 )

of 1:1:1 and 1:1.1:1, respectively.

4. Conclusions

This study investigated the nitrogen and phospho-
rus removal and recovery from swine wastewater by
struvite crystallization process. It was shown that the
pH exerts strong influence on the efficiency of N and P
removal by struvite precipitation, whereas the excess
of ammonia (10wt.%) does not exert influence. The
synthesized struvite at pH 9.5 presented a crystalline
phase and a mean nanocrystal size about 50 nm. The
struvite obtained in this work presented a mesoporous
structure, with a surface area of about 6.5m2 g�1.

References

[1] M.T. O’Hare, R.T. Clarke, M.J. Bowes, C. Cailes, P. Henville,
N. Bissett, C. McGahey, M. Neal, Eutrophication impacts on a
river macrophyte, Aquat. Bot. 92 (2010) 173–178.

[2] S.B.R. Biswas, T. Nandy, Autotrophic ammonia removal pro-
cesses: ecology to technology, Crit. Rev. Environ. Sci. Technol.
42 (2012) 1353–1418.

[3] R. Saeedi, K. Naddafi, R. Nabizadeh, A. Mesdaghinia, S. Nas-
seri, M. Alimohammadi, S. Nazmara, Denitrification of drink-
ing water using a hybrid heterotrophic/autotrophic/BAC
bioreactor, Desalination Water Treat. 45 (2012) 1–10.

[4] J.G. Vieira, A.G.S. Manetti, E.J. Lopes, M.I. Queiroz, Uptake
of phosphorus from dairy wastewater by heterotrophic cul-
tures of cyanobacteria, Desalination Water Treat. 40 (2012)
224–230.

[5] J.J. Qin, M.H. Oo, K.A. Kekre, F. Knops, Integrated coagula-
tion–ultrafiltration for enhanced removals of phosphate and
organic in tertiary treatment, Desalination Water Treat. 44
(2012) 284–288.

[6] Y. Liu, J. Kwag, J. Kim, C. Ra, Recovery of nitrogen and
phosphorus by struvite crystallization from swine wastewa-
ter, Desalination 277 (2011) 364–369.

0.0 0.2 0.4 0.6 0.8 1.0
0
2
4
6
8

10
12
14
16
18

 1:1:1 
 1:1.1:1

Vo
lu

m
e 

(c
c.

g-1
)

Relative Pressure (P/Po)

(a)

100 200 300 400 500
0.0000

0.0002

0.0004

(d
v/

dr
 P

or
e 

vo
lu

m
e)

Pore diameter (Å)

 1:1.1:1
 1:1:1

(b)

Fig. 4. (a) N2 adsorption/desorption isotherms of the struvite samples obtained at pH 9.5 for molar ratios
(Mg2þ:NHþ

4 :PO
3�
4 ) of 1:1:1 and 1:1.1:1 and (b) pore size distribution measurement of respective samples.

E.L. Foletto et al. / Desalination and Water Treatment 51 (2013) 2776–2780 2779



[7] H. Huang, X. Xiao, L. Yang, B. Yan, Removal of ammonia
nitrogen from washing wastewater resulting from the process
of rare-earth elements precipitation by the formation of stru-
vite, Desalination Water Treat. 24 (2010) 85–92.

[8] H. Huang, Q. Song, W. Wang, S. Wu, J. Dai, Treatment of
anaerobic digester effluents of nylon wastewater through
chemical precipitation and a sequencing batch reactor pro-
cess, J. Environ. Manage. 101 (2012) 68–74.

[9] A. Uysal, Y.D. Yilmazel, G.N. Demirer, The determination of
fertilizer quality of the formed struvite from effluent of a
sewage sludge anaerobic digester, J. Hazard. Mater. 181
(2010) 248–254.

[10] K. Yetilmezsoy, Z. Zengin, Recovery of ammonium nitrogen
from the effluent of UASB treating poultry manure wastewa-
ter by MAP precipitation as a slow release fertilizer, J. Haz-
ard. Mater. 166 (2009) 260–269.

[11] Y. Song, G. Qiu, P. Yuan, X. Cui, J. Peng, P. Zeng, L. Duan,
L. Xiang, F. Qian, Nutrients removal and recovery from
anaerobically digested swine wastewater by struvite crystalli-
zation without chemical additions, J. Hazard. Mater. 190
(2011) 140–149.

[12] O. Ichihashi, K. Hirooka, Removal and recovery of phospho-
rus as struvite from swine wastewater using microbial fuel
cell, Bioresour. Technol. 114 (2012) 303–307.

[13] S. Hassidou, T. Ismail, B.A. Mohamed, Phosphorus removal
from Tunisian landfill leachate through precipitation under
controlled degassing technique, Desalination Water Treat. 21
(2010) 295–302.

[14] C. Wang, X. Hao, G. Guo, M.C.M. van Loosdrecht, Formation
of pure struvite at neutral pH by electrochemical deposition,
Chem. Eng. J. 159 (2010) 280–283.

[15] H.D. Ryu, C.S. Lim, M.K. Kang, S.I. Lee, Evaluation of stru-
vite obtained from semiconductor wastewater as a fertilizer
in cultivating Chinese cabbage, J. Hazard. Mater. 221–222
(2012) 248–255.

[16] R. Laridi, J. Auclair, H. Benmoussa, Laboratory and pilot-
scale phosphate and ammonium removal by controlled stru-
vite precipitation following coagulation and flocculation of
swine wastewater, Environ. Technol. 26 (2005) 525–536.

[17] M. Hanhoun, L. Montastruc, C. Azzaro-Pantel, B. Biscans, M.
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