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Abstract - This work is focused on the production 
of struvite as an alternative to reduce the concentra-
tion of phosphorus and nitrogen from swine 
wastewater. The effect of Mg source (MgO and 
MgCl2. 6H2O) and pH on nitrogen and phosphorus 
removal was investigated. From the results was seen 
that N and P were efficiently removed from swine 
wastewater. Data of X-ray diffraction (XRD) re-
vealed that the production of struvite in the crystal-
line form is dependent of pH, which was obtained 
only in the runs carried out at pH 9.5, independent 
of Mg source employed. The production of struvite 
showed to be effective for adding value to swine 
wastewater.  

Keywords - Struvite, wastewater, nitrogen, phos-
phorous. 

I. INTRODUCTION 
Swine wastewater contains high concentration of phos-
phorus (P) and nitrogen (N), and the removal of these 
nutrients from wastewater is important to maintain the 
water quality, avoiding the eutrophication (Haddrill et 
al., 1983; O’Hare et al., 2010). Ammonia in swine was-
tewater is usually removed by biological methods such 
as autotrophic nitrification (conversion of NH4

+ to NO3
-) 

(Furtado et al., 1998; Iliuta et al., 2002; Queiroz et al., 
2011) and heterotrophic denitrification (conver-sion of 
NO3

- to gaseous nitrogen) (Reginatto et al., 2005; 
Garbossa et al., 2005; Canto et al., 2008). However, the 
struvite precipitation method is interesting because it 
simultaneously removes and recovers P and N from 
wastewater (Liu et al., 2011).  Struvite is a crystalline 
solid with equal molar concentrations of magnesium, 
ammonium and phosphorus (MgNH4PO4.6H2O). The 
formation of struvite normally occurs in alkaline medi-
um. The optimal pH value for struvite crystallization 
was considered to be 8.0-11.0 (Laridi et al., 2005; 
Hanhoun et al., 2011). Struvite is used as a slow-release 
fertilizer (Bridger et al., 1962). Therefore, the produc-
tion of struvite is an alternative for adding value to 
swine wastewater, besides to decrease the impact caused 
by its disposal into the environment (Nelson et al., 
2003).  

Struvite has been obtained from industrial 
wastewater (Diwani et al., 2007), leather tanning 
wastewater (Tunay et al., 1997), waste sludge (Jaffer et 

al., 2002), poultry wastewater (Yetilmezsoy and Zengin, 
2009), swine wastewater (Song et al., 2011; Rahman et 
al., 2011) and municipal landfill leachate (Kim et al., 
2007). Although there are many works in literature 
reporting the phosphorus and nitrogen removal by 
struvite precipitation method from swine, it is difficult 
to found studies reporting/comparing different sources 
of Mg on the formation of struvite (Li et al., 1999; Li 
and Zhao, 2003; Demirer et al., 2005; Huang et al., 
2011), since the characteristic of material formed as 
well as the recovering efficiency can be influenced by 
this variable.  

In this sense, the effect of the magnesium source and 
pH on the removal of phosphorus and nitrogen by 
struvite crystallization method from swine wastewater 
was investigated. The struvite obtained was analyzed by 
X-ray diffraction (XRD) and infrared spectroscopy (IR). 

II. METHODS 
The swine wastewater sample used in this work was 
collected from a local farm. The sample was stored and 
maintained at 4ºC until analysis. The sample was centri-
fuged at 3000 rpm for 15 min 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 (Jar 
test) (11x11x17 cm) with a total volume of 2.0 L, con-
stituted 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 (25oC). Analytical grade chemicals 
(MgO, MgCl2.6H2O, H3PO4 (85%), KH2PO4 and 
NaOH) were used in the experiments. It was evaluated 
the synthesis of struvite using two different Mg sources 
(MgO and MgCl2.6H2O) and at two different pH (9.0 
and 9.5). In addition, two combinations of chemicals, 
MgO + H3PO4 (4M) and MgCl2.6H2O + KH2PO4, were 
used in the experiments. The pH of solutions was ad-
justed by adding NaOH 4M. The amounts of MgO + 
H3PO4 (4M) and MgCl2.6H2O+KH2PO4 used in the tests 
were calculated according to the concentration of nitro-
gen and phosphorous of the swine wastewater sample 
(see Table 1) in a molar ratio of 1:1:1 (Mg+2: NH4

+:PO4
-

3). All runs were carried out by 10 min, and then kept at 
rest for 30 min. The suspensions were filtered and the 
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deposited solids were washed thorough-ly with distilled 
water at room temperature and dried at 50oC for 8 h. 
The analytical tests performed in the supernatant were 
PO4

-3, NH4
+, pH and total chemical oxygen demand 

(TCOD). The nitrogen content was determined by a 
colorimetric method using the Nessler reagent (APHA, 
1999). The dissolved phosphorus concentration was de-
termined by ascorbic acid colorimetric method (Perera 
et al., 2009). TCOD was analyzed according to the 
Standard Methods (APHA, 1999). 

The precipitated struvite was analyzed by X-ray dif-
fraction (XRD) and infrared spectroscopy (IR). The pre-
cipitated crystals were indentified using an X-ray 
Diffractometer (Philips, MPD 1880 model), where the 
X-ray source was Cu-Kα radiation, powered at 40 kV 
and 40 mA. The average nanocrystals size was deter-
mined through X-ray diffraction (and reflection) line 
broadening using the Sherrer equation: D= K.λ/ 
(β.cosθ), where D is the crystallite size, K is the Sherrer 
constant (0.90), λ is the wavelength of the X-ray radia-
tion (0.1542495 nm for Cu-Kα), and β is the peak width 
at half height and finally θ corresponds to the peak posi-
tion (in the current study, 2θ= 20.84). IR spectra were 
recorded on a PerkinElmer FT-IR Spectrum spectropho-
tometer in the region of 440-4000 cm-1, using KBr pel-
lets. Mg2+, Ca2+ and Na+ were analyzed by a Hitachi 
atomic absorption spectrometer. 

III. RESULTS AND DISCUSSION 
Table 1 shows the characteristics of the swine 
wastewater used in this study. As can be seen, the sam-
ple present high amount of nitrogen and phosphorus, 
which were 824 and 705 mg.L-1, respectively. The sam-
ple also has high TCOD content, 360 mgO2.L-1. 

Figure 1 shows the results concerning the removal of 
PO4

-3, NH4
+ and TCOD obtained in experimental runs 

carried out in this work. The efficiency of removal (%) 
of PO4

3-, NH4
+ and TCOD (%) was obtained by equa-

tion: Percentage Removal (%)=[Ctotal(i) - Ctotal(o)]/ Ctotal(i), 
where Ctotal(i) and Ctotal(o) are the PO4

3-, NH4
+ and TCOD 

concentrations before and after the reaction. 
As observed in Fig. 1, the Mg source influenced the 

amount of PO4
3- , NH4

+ and TCOD removed during the 
struvite precipitation. The removal of NH4

+ and PO4
3- 

was higher using MgCl2.6H2O than MgO in both pH. At 
pH 9.5 was recovered about 95% and 90% using 
MgCl2.6H2O and MgO, respectively, for both NH4

+ and 
PO4

3-. Concerning the effects of pH, it was verified that 
at pH 9.5 was obtained better results, since the amount 
of PO4

3- and NH4
+ recovered was slightly higher than 

pH 9.0. This variation was more pronounced using 
MgCl2.6H2O as Mg source. The best result obtained us-
ing MgCl2.6H2O can be explained due to its quick dis-
sociative nature (Liu et al., 2008). Song et al. (2011) 
observed reductions of PO4

3- and NH4
+ about 85% and 

40-90% by struvite formation in swine wastewater, re-
spectively. Recovery ranging from 55 to 98% of PO4

3- 
and 36 to 50% of NH4

+ in the treatment of liquid swine 
manure has been obtained (Çelen et al., 2007). Results 

of PO4
3- reduction about 85% by struvite precipitation in 

anaerobic swine lagoon liquid has been reported (Nel-
son et al., 2003). Concerning the results of TCOD, was 
not verified significant reduction in their values (about 
25%) after the treatment. However, the results obtained 
in this study are in good agreement with those reported 
by Li et al. (1999), which reported a TCOD reduction 
about 30% in treating landfill leachate effluent. They 
suggested that after struvite precipitation, a biological 
treatment process can be accomplished to remove COD. 
This implies that the chemical precipitation technique 
has a significant selectivity to remove phosphorous and 
nitrogen from wastewater. Results of TCOD reduction 
of about 47% in treating swine wastewater were report-
ed (Ryu and Lee, 2010). Ozturk et al. (2003) reported 
that COD removal of about 50% in treating anaerobical-
ly pre-treated raw landfill leachate effluent by struvite 
crystallization. The amount of Ca2+, Na+ and Mg2+ were 
quantified only for the swine wastewater treated with 
MgCl2.6H2O at pH 9.5. The amount of Ca2+ and Na+ in 
swine wastewater treated were 64 and 128 (mg.L-1), re-
spectively. Thus, concentrations of Ca2+ and Na+ were 
significantly reduced (61% and 60%, respectively) dur-
ing the struvite precipitation process. The results indi-
cated that these elements were co-precipitated along 
with the struvite during the crystallization process. 
Meanwhile, the concentration of Mg2+ increased after 
treatment (15 mg.L-1), and this may be due the addition 
of MgCl2.6H2O into the reaction system as Mg2+ source. 
Similar behaviors have been reported by Liu et al. 
(2011). 

The identification of powders was examined by 
XRD (Fig. 2), which indicated the formation of amor-

Table 1: Characteristics of the swine wastewater. 
Parameters Values 

Phosphorus (mg PO4
-3.L-1) 705 

Nitrogen (mg NH4
+.L-1) 824 

TCOD (mg O2.L-1) 360 
Mg2+  (mg.L-1) 11 
Ca2+   (mg.L-1) 165 
Na+     (mg.L-1) 322 
pH 6.0 

 

Fig. 1. Percentage removal of NH4
+, PO4

3- and TCOD after the 
reaction at different experimental conditions. 



E. L. FOLETTO, W. R. B. dos SANTOS, S. L. JAHN, M. A. MAZUTTI, R. HOFFMANN, A. CANCELIER, E. MÜLLER 

79 

phous solid for the samples synthesized at pH 9.0, inde-
pendent of Mg source. By other hand, at pH 9.5, it was 
verified the formation of crystalline struvite for both 
sources of Mg. Several authors have been reported that 
optimum pH range for formation of struvite is very nar-
row and it is dependent of the quality of raw material. In 
previous works concerning struvite precipitation of 
swine wastewater, the optimum pH of 8.0-8.5 (Huang et 
al., 2011), 8.5 (Suzuki et al., 2002), 9.0 (Jaffer et al., 
2002), 8.9-9.25 (Nelson et al., 2003), 9.5-10.5 (Song et 
al., 2007) were reported. If the pH is maintained at val-
ues above the optimum range occurs the formation of 
Mg3(PO4)2 instead of struvite, whereas below this range 
promotes the increase of H+ in the solution inhibiting 
the struvite crystallization (Huang et al., 2011). 

The formation of struvite is confirmed by location of 
peaks, corresponding to reference database lines for 
struvite (see insert in Fig. 2).  

From Fig. 2 no significant differences appear on po-
sition of peaks among the samples obtained from differ-
ent Mg sources, at pH 9.5. By applying the Scherrer 
equation, the average nanocrystal domain sizes were es-
timated to be 63 and 69 nm, for the samples obtained at 
pH 9.5 using MgO and MgCl2.6H2O as Mg source re-
spectively. It is important to point out that the amor-
phous solid obtained at pH 9.0 was effective to remove 
NH4

+ and PO4
3- from swine wastewater, presenting val-

ues of removal higher than 80% for both contaminants. 
The identification of struvite phase was confirmed 

by IR spectroscopy (Fig. 3). The samples obtained using 
MgO and MgCl2.6H2O, at pH 9.5, showed a band at 
1440 cm-1 that is characteristic of struvite (Babić-
Ivančić et al., 2006). The first four bands observed 
about 3600, 3500, 3260 and 3115 cm-1 belong to the OH 
stretching vibrations. The band at 2970 cm-1 was the an-
ti-symmetric stretching vibration of NH4

+ groups. The 
broad band between 2500 and 2200 cm-1 was assigned 
to water-phosphate H-bonding. HOH deformation of 

water was at 1680 cm-1, and the bands seen over the 
range of 1600 to 1400 cm-1 were those of the HNH de-
formation modes of HN4. The bands of PO4

3- units were 
observed at 1006, 571, 463 and 438 cm-1. Water-water 
H bonding was observed at 760 and 695 cm-1, whereas 
ammonium-water H bonding was observed at 890 cm-1 

(Kurtulus and Tas, 2011). 

IV. CONCLUSIONS 
In this work results concerning the removal of PO4

3- and 
NH4

+ from swine wastewater by struvite crystallization 
process were presented. Data of X-ray diffraction 
(XRD) revealed that the production of struvite in the 
crystalline form depends on pH. Struvite was obtained 
only in the runs carried out at pH 9.5, independently of 
the Mg source employed. In addition, the amorphous 
material obtained at pH 9.0 was effective to recover 
NH4

+ and PO4
3-, since a reduction higher than 80% was 

verified. The production of struvite showed to be effec-
tive for adding value to swine wastewater.  
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