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Abstract

Excess N and P from the livestock manure applied to farm-
lands, have entered the water systems and poses a serious
threat to the natural environment. Consequently, there has
been recent awareness towards the management of live-
stock manure and its related fields. In this study, piggery
wastewater was collected from a piggery in Pohang city,
Korea. At 800°C, thermal decomposition of a natural stone,
magnesite (MgCOs), yielded powered MgO with particle
sizes ranging between 10 to 100 um. Furthermore,
NH,"-N and PO,*-P were recovered as struvite precipita-
tes from the piggery wastewater, by adjusting the pH with
MgO and H;PO,. At pH 10, the recovery efficiencies of
NH,'-N and PO,*-P were found to be 86.1% and 94.1%,
respectively. Using an X-ray Diffractometer (XRD), the
struvite in the precipitate was confirmed to be consistent
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with standard pure struvite. Further, the purity of the stru-
vite precipitate was analyzed using an energy dispersive
X-ray (EDX) and thermal gravimetry-differential thermal
analysis (TG-DTA), and found to be between 79.2% and
93.0%. Additionally, struvite-containing piggery waste-
water and sawdust were mixed in a weight ratio of 2.5:1
and processed into a mature compost. The newly manu-
factured compost passed all quality standards required for
first-class graded livestock composts. Moreover, this com-
post was sprayed directly onto the soil at the test site, and
various parameters of the soil’s effluent, such as total or-
ganic carbon (TOC), total nitrogen (T-N), total phospho-
rus (T-P), and dissolved oxygen (DO), were analyzed and
measured. Based on these results, it is determined that the
newly manufactured compost can more significantly re-
duce water pollution than commercial compost.

Key words: MgO, N, Newly-manufactured compost, NH;"
-N, P, PO,”-P, Struvite
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Introduction

Consumption of meat in Korea is increasing rapidly
every year because of the improvement of the income
level of the people and, for that reason, livestock
farms are also continuously expanding. However, the
livestock manure is particularly recognized as a major
obstacle to the continuous development of livestock in-
dustry due to the high concentration of nutrients such
as nitrogen (N) and phosphorous (P) existing in it.
These nutrients can cause eutrophication and dissolved
oxygen depletion when they are present in excess in
water bodies [1]. Therefore, environmental regulations
related with livestock manure have been tightened to
decrease the levels of nutrients entering into the water.
For the past 20 years or so, many researchers have
studied for removal and recovery of nutrients from
livestock wastewater. For recovery of nutrients, a va-
riety of methods such as adsorption, metal ion precip-
itation, biological process and etc. have been reported
[2]. Among these methods, the biological process has
known as the most common method to remove nu-
trients from livestock wastewater [3]. However, this
method was not able to eliminate effectively nutrients
from livestock wastewater due to the high content of
nitrogen that has a toxic effect on microorganisms.

Recently, struvite precipitation has been widely ap-
plied to nutrients-rich wastewater treatments such as
rare-earth wastewater. landfill leachate, coking waste-
water. semi-conductor wastewater [4-12]. The crystal
formation of struvite (MgNH,PO,6H,O) has the ad-
vantage of being able to recover ammonium nitrogen
(NH4"-N) and phosphate (PO,*-P) simultaneously. But
despite strengths like the high recovery efficiency of
NH,"-N and PO,>-P, a fast reaction rate, and the abil-
ity to separate solids and liquids, this method has lim-
itation in its widespread application due to the in-
adequate amount of Mg®" in livestock wastewater re-
quired for the effective recovery. Therefore, the addi-
tion of external Mg”* source is required in the process
of struvite crystallization, resulting in high operating
costs [13]. To overcome this problem, many researchers
have explored the low-cost materials consisting of Mg**
as magnesium source of struvite crystallization. The
low-cost materials used as alternative of Mg** source
were brucite mineral, magnesite pyrolysate, magnesite
mineral, and sea water [14-16]. Nevertheless, the use
of the low-cost materials containing magnesium has
not yet been evaluated in detail. Struvite precipitation

is greatly affected by pH and the stoichiometry ratio
of Mg*, NHy", and PO,”. Actually, the ideal pH for
struvite precipitation is in the range of 8.0 and 10.0.
And, the stoichiometry ratio of Mg2+, NH," and PO
for struvite formation is usually 1:1:1 (Mg:NH4PO,)
[17]. However, the new struvite synthesis methods in
which NH," and PO, is deposited in the form of
struvite crystals with a relatively low pH are not cur-
rently under study.

In general, livestock wastewater is perceived to be
very difficult to convert to the compost because it
emits a bad odor. However, by changing the above
perception, there is a need to develop a technology
that can produce livestock wastewater as a eco-friend-
ly compost in order for a new source of income for
livestock farmers. Struvite could be a viable and prom-
ising replacement for compost production because it
has valuable nutrients such as phosphorous, nitrogen,
potassium, which are a necessary element of crop cul-
tivation, and being formed as massive deposits that
are easy to collect and handle. Struvite dissolves very
slowly when applied to soil, making it an attractive
feature as slow-release compost for a long time. Sev-
eral studies have been conducted for the production of
struvite using human urine [18-21]. However, recent
studies have focused only on the recovery of ammo-
nium and phosphate as struvite, but its practical appli-
cation in the field as compost has never been explored.

The major goal of this study is to recover NH,"-N
and PO/ -P from piggery wastewater as a form of
struvite. Magnesium oxide (MgO) was used as exter-
nal Mg source in struvite precipitation. The effect of
pH on the recovery efficiency of NH,"-N and PO, -P
in piggery wastewater and the purity of obtained stru-
vite were examined. The pH levels of piggery waste-
water are generally between 8 and 9. But MgO, an ad-
ditive, is not easily eluted as magnesium ions (Mg*)
in alkaline state. In addition, most phosphoric acids
are present in the form of insoluble phosphoric acid
in basic piggery wastewater. Hence, in this study, we
tried to obtain the crystal structure of struvite under
low acidic conditions. Finally, an on-site test was con-
ducted on the effect of reducing water pollution using
the newly-manufactured compost, which was prepared
by mixing struvite-containing piggery wastewater and
sawdust.
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Materials and Methods

Materials and chemicals

The piggery wastewater used in this study was the
wastewater from which solids are removed with a cen-
trifuge dehydrator after collecting from a piggery live-
stock farm in Pohang city, Korea. MgO was in the
form of powder with a particle size of 10 to 100 ym
after activating magnesite (MgCOs) natural stone for 1 h
at 800°C by increasing to a temperature of 10°C/min.
H,SO4, HsPO, and NaOH were analytically pure and
purchased from Merck (Darmstadt, Germany).

Removal of NH; and H.S

Removal rate of NH; and H,S from the piggery
wastewater was measured by changing in the MgO
dose. Here, the dose of MgO represents the relative
amount of piggery wastewater. For this experiment,
the batch reactor (storage scale of 1 ton) was made in
a square shape, and an aeration device was installed
inside. MgO is added to the piggery wastewater in the
batch reactor. Since then, the content was aerated for
24 h by injecting air from the bottom using air pump.
Soon after finishing the aeration, a fraction of piggery
wastewater was collected in Tedlar bag. After sponta-
neous vaporization for 24 h, 100 mL gas was extracted
from Tedlar bag and collected in an gas detection tube
for analysis.

Recovery of NHs*~N and PO,>—P as struvite

Studies on the recovery of NH,-N and PO -P in
the piggery wastewater as struvite were performed by
controlling pH. H,SO; and NaOH were used to adjust
the pH of piggery wastewater. MgO and Hs;PO, were
employed to recover NH;'-N and PO,*-P in the pig-
gery wastewater as struvite. The mixture was agitated
using a magnetic stirrer for 1 h at different pH from 5
to 11. After stabilizing the mixture for 30 min, the su-
pernatant was filtered using glass microfiber filter (GF/
C, 47 mm) for component analysis. The obtained stru-
vite precipitation was washed with deionized water
several times and then dried in an oven at 35°C for
2 days. The dried precipitates were analyzed for the
morphology and the purity of struvite.

Analytical methods

NH; and H;S were analyzed using an automated
thermal desorber gas chromatograph/mass spectro-
meter (ATD-GC/MS, Clarus 690 GC, Clarus SQS8T,

PerkinElmer, USA). Analysis of NH,"-N and PO -P
was performed by ultraviolet absorbance method and
ascorbic acid reduction method at absorbance of 220
nm and 880 nm, respectively, using an ultraviolet-
visible spectrometer (UV/Vis, Cary-5000, Varian Tech-
nologies, USA). The concentration of Mg** was quan-
tified by using an inductively coupled plasma-atomic
emission spectrometer (ICP-AES, Agilent 7800, Agilent
Technologies, USA). The crystal structure of struvite
was identified using a x-ray diffractometer (XRD,
Ultima IV, Rigaku, Japan) with ICSD search program.
The crystal shape and chemical composition of struvite
were characterized through a field emission scanning
electron microscope (FE-SEM, MYRA 3 XMH, Tescan,
Czech) coupled with energy dispersive x-ray (EDX,
X-MaxN, Oxford, UK). Thermal changes of struvite
were analyzed at a temperature increase rate of 10°C/
min in a nitrogen atmosphere up to 800°C using a
thermal gravimetry-differential thermal analysis (TG-
DTA, 8122, Rigaku, Japan). The pH was measured by
a pH meter (Radiometer, PHM 250 ion analyser,
Woonsocket, RI, USA). Water samples (BOD, TOC,
TSS, T-N, T-P, DO and EC) were analyzed according
to the water pollution process test method in Korea.

Quality inspection of the newly—manufactures
compost

To convert struvite-containing piggery wastewater
into compost, the wooden structure was constructed
with a size of 10 m>. Two tons of sawdust were placed
in the structure, which was equipped with rain-shield-
ing facilities and a rotary spray system to spray pig-
gery wastewater from the top. Approximately a half
ton of piggery wastewater a day was sprayed uni-
formly on the top of the sawdust 10 times through a
spray system. Piggery wastewater slowly permeated
into the sawdust as time goes on. The compost was
turned upside down once a day using an excavator,
dried and fermented. About 30 days later, the heat
started to produce inside the compost. After the ma-
turity of compost is completed, the quality test of the
newly-manufactured compost was conducted on vari-
ous analysis items such as organic matter, heavy met-
als, Escherichia coli, C/N ratio and etc.

Field test for comparison of water pollution
reduction using commercial compost and
newly—manufactured compost

When there was no rainfall in April 2022, a 1000 m?
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of agricultural land was roughly divided into three
equal parts (each 330 m? and five furrows were made
on each land to allow the effluent to flow to the sam-
pling point. 10 bags (20 kg per bag) of commercial
compost and the newly-manufactured compost was
evenly sprayed on each area, respectively. The rest of
the area was not added any compost. After spraying
compost on soil, the soil was homogenized using a
rotary machine. A water sprinkler was placed in the
center and water was continuously sprinkled until the
soil was soaked with water. After a certain period of
time (approximately 1 h), effluent was generated and
began to flow along the furrow. Effluent was collected
at each 5 sampling site 3 m from each boundary point
and analyzed for water quality test items such as total
suspended solids (TSS), total organic carbon (TOC), bi-
ochemical oxygen demand (BOD), total nitrogen (T-N),
total phosphorous (T-P), dissolved oxygen (DO) and
electrical conductivity (EC). Here, the analysis of the
above sample items was performed according to the
current water pollution process test method based on

QA/QC.
Results and Discussion

Removal efficiency of NH; and H,S by MgO dose

Fig. 1 represents the removal efficiency (%) of NH
and H,S from the piggery wastewater according to
the dose of MgO during the 24-hour aeration. As seen
in Fig. 1, as the dose of MgO increased, removal effi-
ciencies of NH; and H,S from piggery wastewater
gradually increased. At MgO dose of 0.8 wt.%, NH;
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Fig. 1. Removal efficiency of NH; and HyS from the piggery
wastewater according to MgO dose (wt.%) during the
aeration of 1 h.

and H,S showed the removal efficiencies of 65% and
77%, respectively. This phenomenon is because pH in-
creases as MgO dissolves in the piggery waste- water.
When MgO was not added, the pH of piggery waste-
water was 8.2. The pH of piggery wastewater was in-
creased to 9.2 when the dose of MgO was raised to
0.8 wt.%. The increase in pH with the addition of
MgO is based on the following equation (1).

MgO + H,O — Mg(OH), — Mg + 20H (1)

NH; has different solubility depending on the pH
level. The higher the pH, NH; exists more in a gas-
eous state rather than in a salt state and is easily vola-
tilized into the atmosphere [24]. In order to remove
NH; and H,S, most of the existing livestock waste-
water treatments evaporate NH; and HS into the at-
mosphere for three to six months by simply injecting
air. As a result, it emits constant malodor to the sur-
rounding area for a long time. By contrast, in this
study, NH; and H,S can be volatilized rapidly into the
atmosphere during the aeration of only one to two
days when MgO was added to piggery wastewater.
In addition to this, ammonia remaining in the form of
NHy" is precipitated in the form of struvite with mag-
nesium oxide and fixed as a complete livestock com-
post.

Recovery of NH,"=N and PO,*—P from the piggery
wastewater

The concentrations of NH4"-N, Mg*", PO, -P and
pH value in the MgO-untreated piggery wastewater
were 3.15 g L7, 0.001 g L' and 024 g L' and 8.2,
respectively. After removing NH; gas with MgO (0.8
wt.%), the residual concentrations of NH4'-N, Mg*,
PO, ”-P and pH in the piggery wastewater were
founded to be 2.46 g L™, 0.002 g L™, 024 g L™ and 9.2,
respectively. In terms of these concentrations, the pig-
gery wastewater still includes negligible amount of
Mg*" and a low concentration of PO,’-P compared to
NH,™-N. Struvite is a white crystalline substance com-
posed of ammonia, magnesium and phosphate in an
equal molar ratio. Therefore, some magnesium and
phosphate salts are required to be added in the pig-
gery wastewater for the effective recovery of NH;™-N.
In this study, in order to form of struvite crystals, the
molar ratio of NH;"-N, Mg** and PO,”-P in the pig-
gery wastewater was made to be 1:1:1 by adding
H3;PO, and MgO.
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The most important factor for effectively recovering
NH,*-N and PO,*-P in the crystalline form of struvite
is pH control. H,SO, was added to adjust the initial
pH of piggery wastewater to 5, and then the pH was
gradually increased by adding NaOH. Most phos-
phoric acid exists in the form of insoluble phosphoric
acid in basic piggery wastewater, so the amount of
phosphoric acid ions dissolved in piggery wastewater
is extremely small. Additionally, MgO is also difficult
to dissolve into Mg®" ions in basic state. For these rea-
sons, this study attempted to produce struvite by low-
ering the pH of piggery wastewater to 5. Experiments
were performed at pH range of 5-11 with a reaction
time of 1 h. At pH 5, three constitutional species were
maintained in a molten state without the formation of
precipitate. However, white precipitate, so-called stru-
vite, began to created from pH 6. Fig. 2 represents the
concentrations (g L) of NH"-N, Mg** and PO, -P re-
maining in piggery wastewater according to changes
in pH. As seen in Fig. 2, it is observed that the re-
maining concentrations of NH;"-N and PO,*-P decrea-
sed rapidly with the increase of pH and reached 0.35
g L? and 0.67 g L' at pH 10, which showed 86.1%
and 94.1% of recovery efficiencies, respectively.

Huang et al. reported that 80% of NH,"-N and 96%
of PO, -P from piggery wastewater were achieved us-
ing struvite precipitation at a Mg:N:P molar ratio of
25:1:1.22 Li et al. demonstrated that a high recovery
rate of phosphorous (> 98%) from actual black water
was achieved by using active serpentine as the mag-
nesium source for struvite precipitation [23]. In this
study, the maximum recovery efficiencies of NH,"-N
and PO,>-P were obtained at PH 6, resulting in recov-
ery efficiencies of 62.4% and 64.1%, respectively. From
these results, it is disclosed that struvite precipitates
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Fig. 2. NH,', Mg®" and PO,” concentrations (g L") according
to pH changes in the piggery wastewater.

consisting of NH,", Mg*, and PO,*-P can be generated
from slightly acidic of pH 6. Struvite precipitates from
its constituent ions were produced by the following re-
action (2):

Mg*(aq) + NHy*(aq) + POs* (aq) + 6HO
— NHMgPO; - 6H,O(s) 2)

Morphology of precipitates

During the experiments, abundant white aggrega-
tion with large particles were formed in the piggery
wastewater. The precipitates obtained at pH 6 were
collected and characterized by SEM (Fig. 3). They ap-
peared in a crystal structure of a plate type with a di-
ameter of 20-50 um. However, the size of the crystals
decreased 10-30 um when pH increased to 10, sug-
gesting that the content of struvite in the precipitates
reduced with increasing pH. Furthermore, if pH is
above 11, no obvious crystal was observed and amor-
phous compounds accounted for the majority of the
precipitates. At this condition, 95% of NH;" can be
converted to NHj;, which cannot be precipitated by
the formation of struvite [22].

Fig. 4 represents the XRD pattern for the precip-
itates obtained at pH 6. The peaks were perfectly
matched with those of standard pure struvite crystal
(ICSD Standard, PDF# 01-071-2089). On the whole, it
was confirmed that the precipitates composed of am-
monium, magnesium, and phosphate (NHMgPO, -
6H,0), a struvite of structure. The line of the peak is
sharp and the high peaks represent that the precip-
itate is a good crystalline substance. As a result, it is
very likely that NH,*-N and PO, -P were recovered
as struvite by the treatment process.

Fig. 3. SEM image of struvite precipitate produced at pH 6.
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Fig. 4. XRD pattern of precipitates produced in the piggery
wastewater at pH 6.

The purity of struvite

Determination of struvite purity in the precipitates
obtained at pH 6 was carried out using FE-SEM/EDX
and TG-DTA. respectively. FE-SEM spectra represent-
ing elemental constituents of precipitates were given
in Fig. 5. The spectra showed that precipitates consist
mainly of O, Mg, and P as major elements, which
was consistent with the elemental composition of
struvite. Table 1 represents the weight and atomic per-
centages for the elemental composition of precipitates,
quantified by EDX. According to the analysis of EDX,
it was found that the precipitates consisted of 18.99%
of Mg and 25.98% of P as weight %. When these fig-
ures are converted to molar ratio, the ratio is 0.93:1,
indicating similar to the theoretical molar ratio (1:1)
of struvite. EDX analysis of precipitates demonstrated
that purity of struvite in precipitates was approxim-
ately 93%. The pattern of the TG-DTA analysis on the
precipitates is shown in Fig. 6. As seen, when temper-
ature reached 325°C, the mass reduction of precip-
itates was about 40.7%. Commonly, the theoretical
mass loss for the formula (NHMgPO, - 6H,O) is 51.4%
at the same temperature. This figure is the sum of hy-
drate as 44.08% and NHj; as 7.34%, respectively [25].
Previous study has shown that the ammonia and the
hydrate during the thermal decomposition of struvite
are lost simultaneously. Based on the data from TG-
DTA, it was confirmed that the content of struvite in
the precipitate is approximately 79.2%. Considering the
values obtained from FE-SEM/EDS and TG-DTA com-
prehensively, it was seen that the purity of struvite in
the precipitates reaches from a minimum of 79.2% to

Fig. 5. FE-SEM spectra of precipitate.

Table 1. The weight and atomic percentages for elemental
composition of precipitate by EDX

Element Weight (%) Atomic (%)
O 53.76 67.05
Mg 18.99 1558
Al 0.10 0.07
Si 0.00 0.00
P 25.98 16.74
K 0.94 0.48
Ti 0.00 0.00
Mn 0.00 0.00
Fe 0.13 0.05
Cu 0.10 0.03
Zn 0.00 0.00

Total 100.00 100.00
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Fig. 6. TG-DTA profile of precipitates with temperatures.

a maximum of 93.0%.

Quality inspection of the newly—manufactured
compost
Table 2 shows the quality inspection of new com-
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Table 2. Quality inspection of the newly-manufactured compost

Analysis items

Standard criteria for livestock

Newly manufactured

compost (first-grade basis) compost
Specifications Organics (%) above 33 39.37
As (mg/kg) less 45 undetected
Cd (mg/kg) less 5 undetected
Hg (mg/kg) less 2 undetected
Pb (mg/kg) less 130 24.6
Pernicious Cr (mg/kg) less 200 29.7
ingredients Cu (mg/kg) less 360 194.2
Ni (mg/kg) less 45 224
Zn (mg/kg) less 900 794.1
Coliform bacillus (O157:H7) undetected undetected
Salmonella undetected undetected
C/N ratio less 35 24.6
Salinity (%) less 2.0 1.54
Qt.her. Moisture (%) less 55 52.4
specifications

Maturity degree (comeback method) Above maturity completion (70%) Maturity completion (70%)

Insoluble hydrochloric acid (%)

less 25 8.47

post manufactured in this study. It was seen that the
newly-manufactured compost has passed the standard
criteria for analysis items required by livestock com-
post. Based on the results, it implies that the newly-
manufactured compost has potential for widespread
use in agriculture because it has abundant nutrients
such as N and P, less heavy metals and C/N ratio,
and does not contain pathogenic bacteria.

Quantitative analysis of TSS, TOC, BOD, T-N and
T—P in the effluent from the soils

Table 3 shows the results of analyzing TSS, TOC,
BOD, T-N and T-P in the effluent from the soils,
which were divided into untreated soil (US), soil treat-
ed with commercial compost (SCC) and the newly-
manufactured compost (SMC). All measurements of ef-
fluent were performed in five times for each soil. The
mean concentration values of TSS discharged from US,
SCC and SMC were 579 mg L, 585 mg L" and 634
mg L, respectively. When comparing the concen-
tration difference between SCC and SMC with US, TSS
concentration of SMC increased by 8.6% compared to
SCC. It is assumed that the increase in TSS in effluent
of SMC is caused by inorganic minerals added while
composting. As for analysis of TOC, when SMC is
compared with SCC, SMC was found to be reduced
by 23.5% compared to SCC. In case of BOD, the con-
centration of BOD discharged from SMC showed a

33.2% decrease compared with SCC. For T-N, it was
found that T-N from SMC was reduced by 16.2% in
comparison with SCC. Analysis result of T-P showed
that the average values of T-P for US, SCC and SMC
were 3.95 mg L7, 140 mg L" and 7.28 mg L, respec-
tively. When the concentration of T-P from SMC is
compared with SCC, T-P decreased by 48.0%. Conse-
quently, when compost lacking magnesium is sprayed
on farmland, nitrogen and phosphoric acid are easily
dissolved in water and acts as a direct water pollution
source. However, nitrogen and phosphorus synthe-
sized by struvite crystals are not soluble in water and
are mixed with the soil as a particle, causing a direct
effect of reducing water pollution. Therefore, when
considering the above analysis items comprehensively,
it is noteworthy that the newly-manufactured compost
can reduce water pollution to a high rate when the
newly-manufactured compost is sprayed on the soil
instead of commercial compost.

Analysis of EC and DO from the effluent of the
soils

The amounts of DO and EC of effluent discharged
from each soil were analyzed in real time and their
results were presented in Table 4. The values of EC
measured in the effluent of US, SCC and SMC were
237 mg L7, 628 mg L' and 486 mg L, respectively.
When spraying newly-manufactured compost on soil,
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Table 3. Analysis of TSS, TOC, BOD, T-N and T-P in effluents from each soil
. Spot 4 _
Analysis items ] 5 3 1 Average (mg L) Standard deviation
Untreated soil 561 597 637 516 582 579 44.69
TSS Commercial compost 648 613 587 546 531 585 47.94
Newly manufactured compost 668 643 597 631 629 634 25.69
Untreated soil 168 167 137 191 217 17.6 2.99
TOC Commercial compost 916 971 1034 89.7 1107 98.5 8.66
Newly manufactured compost 747 648 789 747 847 75.6 7.28
Untreated soil 144 164 172 143 169 15.8 1.39
BOD Commercial compost 847 764 824 779 942 83.1 7.04
Newly manufactured compost 547 489 594 624 507 55.2 5.69
Untreated soil 197 186 175 192 169 18.4 1.16
T-N Commercial compost 327 355 389 324 296 33.8 3.53
Newly manufactured compost  29.4 31.0 287 268 261 28.4 1.98
Untreated soil 381 412 384 396 4.01 3.95 0.13
T-P Commercial compost 126 134 158 134 148 14.0 1.28
Newly manufactured compost 648 7.64 815 694 7.18 7.28 0.64
Table 4. Analysis of EC and DO for each soil
o Spot
Analysis items - -
Untreated soil Commercial compost Newly-manufactured compost
EC (uS cm™) 237 628 486
DO (mg L") 3.6 0.8 2.1

the pollution of water quality could be decreased by
36.3% compared to commercial compost. From the per-
spective of DO, it is judged that newly-manufactured
compost can lower the concentration of DO by 46.4%
than commercial compost.

Conclusion

In order to remove NH; and HyS, MgO (wt.%) was
added into the piggery wastewater as a weight ratio
of the piggery wastewater while aerating. When MgO
is added by 0.8%, the removal efficiencies of NH; and
H:S showed 65% and 77%, respectively, compared to
the piggery wastewater untreated with MgO. The MgO
used in this study increased the pH of the piggery
wastewater, providing condition for removing NH; and
H.S easily. NHy"-N and PO,*-P remaining in the pig-
gery wastewater was recovered as the form of precip-
itate, referred as struvite. The molar ratio of NH,"-N,
Mg** and PO,”-P in piggery wastewater was made to
be 1:1:1 by adding HsPO; and MgO. The struvite crys-

tals were significantly influenced by pH. Hence, the
pH of the piggery wastewater gradually increased
from 5 to 11. Precipitates began to be produced from
pH 6. At pH 10, recovery efficiencies of NH;-N and
PO, -P were found to be 86.1% and 94.1%, respec-
tively. Out of total recovery efficiency, the highest re-
covery efficiency was achieved at a weakly acidic of
pH 6. The presence of struvite in the precipitate was
examined by XRD, representing a good crystalline
substance. Above pH 11, no obvious struvite crystals
were observed and most of their presence existed in
an amorphous form. The purity of struvite in the pre-
cipitate was measured by FE-SEM/EDX and TG-DTA,
respectively. Based on the data obtained from above
analytical instruments, it was assumed that the purity
of struvite in the precipitate was between 79.2% and
93.0%. The new compost was manufactured by mixing
struvite-containing piggery wastewater and sawdust at
a weight ratio of 2.5:1. The newly-manufactured com-
post has passed the standard requirements such as or-
ganic content, heavy metals, C/N ratio, salinity, coli-
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form bacillus and etc. for livestock compost. To eval-
uate the effectiveness of reducing water pollution by
the newly-manufactured compost, the newly-manufac-
tured compost was sprayed on the soil at the actual
site and then the concentrations for TOC, BOD, T-N,
T-P and DO in effluent of soil were compared with
commercial compost. Through field test, it was con-
firmed that water pollution can be significantly redu-
ced by the newly-manufactured compost rather than
commercial compost.
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