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Abstract

A demonstration crystallization reactor and struvite accumulation device for the removal and recovery of phosphorous was con-
structed and their performance was evaluated using actual swine wastewater for 3.5 years. The wastewater pH was increased by aeration,
and the concentrations of total P and soluble PO4–P were reduced by a struvite crystallization reaction induced under a high pH condi-
tion. A 30% MgCl2 addition was eVective in enhancing the struvite crystallization reaction. The concentrations of suspended solids, total
Zn and total Cu, were also decreased by the settling function of the reactor. On removing the eYciencies of these components, no notice-
able seasonal Xuctuation in performance was observed during the 3.5-year operation. In terms of maximum yield, 171 g struvite was
obtained from 1 m3 swine wastewater by the demonstration accumulation device for struvite recovery. The recovered struvite needed only
air-drying before use since it was approximately 95% pure even without washing.
©  2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Swine wastewater contains phosphorous in high concen-
trations. Japanese law requires reducing phosphorous con-
centration to the legal limit before it can be discharged into
public waters (Haga, 1998). Yet, all the phosphate rock
Japan needs must currently be imported from abroad, since
it lacks subterranean phosphorous resources. There is a
need to develop and establish the technologies for phos-
phorous recovery from swine wastewater given its espe-
cially high potential for phosphorous recovery in Japan
(Suzuki et al., in press).

In addition to PO4 and NH4, swine wastewater contains
high concentrations of Mg. Once the pH of swine waste-
water rises to 8–9, PO4, Mg and NH4 become crystallized,
forming struvite (MAP: magnesium ammonium phos-

phate) (Borgerding, 1972; Suzuki et al., 2001a; Nelson et al.,
2003). These properties of swine wastewater lead to prob-
lems of scale accumulating in wastewater treatment plants
where crystallization reactions occur under natural condi-
tions. That scale building up in pipes and pumps sometimes
causes serious problems at such plants (Borgerding, 1972;
Booram et al., 1975). However, such properties can also
provide the technology for phosphorous removal and
recovery when they are made to occur under controlled
conditions (Wrigley et al., 1992; Maekawa et al., 1995;
Suzuki et al., 2001a,b). In addition, struvite can be used
as a valuable slow-release fertilizer (de-Bashan and Bashan,
2004).

Several reactors for removing and recovering phospho-
rous from swine wastewater have been designed (Bowers
and Westerman, 2005a,b; Laridi et al., 2005), one of which
has a dual function i.e., crystallization through aeration,
and separation of formed struvite by settling (Suzuki et al.,
2002). The pH of wastewater increases with aeration
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because of CO2 stripping (Waki et al., 1987; Battistoni
et al., 1997). For the recovery of struvite, an experimental
struvite-recovery device was designed, and its performance
has been evaluated (Suzuki et al., 2005). The removal and
recovery of phosphorous with this reactor should be con-
ducted during the very Wrst stage of wastewater treatment
so as to reduce the concentration of phosphorous, thereby
minimizing the risk of damage from scaling (Suzuki et al.,
2002; Tanaka and Suzuki, 2004; Suzuki et al., in press).

In this paper, we report the results of 3.5-years of
operation using a demonstration crystallization reactor for
phosphorous removal and recovery and a demonstration
accumulation device for struvite recovery.

2. Methods

2.1. Swine wastewater

Screened (1.5 mm mesh) swine wastewater from a pig-
gery at the Tsukuba campus of the National Institute of
Livestock and Grassland Science (NILGS, Tsukuba City,
Japan) was used for all experiments.

2.2. Demonstration crystallization reactor for removing 
phosphorous

Demonstration crystallization reactor was used for
removing and recovering phosphorous with the dual func-
tion of crystallization by aeration and settling (Suzuki et al.,
2005). The swine wastewater was fed to the aeration col-
umn of the reactor and aerated continuously. A solution of
30% MgCl2 (bittern) was dropped (0.0, 2.0, 3.1, 4.1 and
5.8 L day¡1) into the aeration column, with oil also added
(0.07–0.35 L day¡1) to decrease foam formation (Fig. 1).
The operational conditions of the reactor during its 3.5
years of operation are shown in Table 1. When the supply
rate of swine wastewater to the reactor was 4.0
(5.3) m3 day¡1, the HRT in the aeration column (0.60 m3)
and the total reactor (3.72 m3) was 3.6 (2.7) and 22.3 (16.8)
hours, respectively. The crystals formed in the aeration col-
umn settled with other suspended solids. Settled sludge was
automatically removed from the bottom of the reactor four

or eight times a day. InXuents (swine wastewater) and eZu-
ents (treated water) were collected periodically, and the
concentrations of soluble forms of PO4–P, NH4–N, Mg, Ca,
Cu and Zn were measured. The concentrations in the sam-
ples of suspended solid, total P, total Mg, total Ca, total Cu,
total Zn, BOD, alkalinity and pH were also measured.

2.3. Demonstration accumulation device for struvite recovery

Based on information from previous studies (Suzuki
et al., 2005), a demonstration accumulation device for
struvite recovery was designed. It was constructed with
three layers of stainless steel wire (1.5 mm in diameter)
mesh (1 cm2 each) columns (0.2, 0.4 and 0.6 m in diameter,
0.8 m high) as accumulation faces, and an angle for Wxing
wire mesh columns and lifting the device. Total area of the
accumulation faces was 3.0 m2. At the struvite recovery
experiment, the demonstration accumulation device was
submerged in the aeration column of the demonstration

Table 1
Operational conditions of demonstration crystallization reactor

Term Period Wastewater supply rate
(m3 day¡1)

Aeration rate
(m3 h¡1)

30% MgCl2 supply rate
(l day¡1)

A 02 04.2002–27.06.2002 4.0 12 0.0
B 27.06.2002–20.02.2003 4.0 16 0.0
C 20.02.2003–14.03.2003 4.0 16 4.1
D 14.03.2003–17.04.2003 4.0 16 5.8
E 17.04.2003–02.09.2003 4.0 16 2.0
F 02.09.2003–11.03.2004 4.0 16 3.1
G 11.03.2004–14.07.2004 4.0 16 4.1
H 14.07.2004–28.03.2005 5.3 16 4.1
I 28.03.2005–23.05.2005 5.3 0 0.0
J 23.05.2005–19.10.2005 5.3 16 4.1

Fig. 1. Layout of demonstration crystallization reactor.
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