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ABSTRACT

Experiments for highly concentrated contaminants in pig waste slurry were carried out for the feasibility test of a pilot-scale innovative process
scheme of engaging autothermal thermophilic aerobic digestion (ATAD) and expended granular sludge bed (EGSB) followed by sequencing
batch reactor (SBR) system. Contaminants in pig waste slurry such as organic substance, total nitrogen (TN), ammonia nitrogen and total phosphorus
(TP) contents were successfully reduced in the system. Total volatile solids (TVS) and chemical oxygen demands (COD) for organic matter
in the feed were 32.92 g/L. and 42.55 g/L respectively, and they were reduced by about 98.7% and 99.2%, respectively in the system. The overall
removal efficiencies for TN and ammonium nitrogen were found to be 98.1 and 98.5%, respectively. The overall removal efficiency for total
phosphorus was also found to be 92.5%. Faecal coliform density was reduced to < 1.2x10* CFU/g total solids. Biogas and CHs were produced
in the range of 0.39-0.85 and 0.25-0.62 m’/kg [VS removed], respectively. The biogas produced in the system comprised of 295+26 ppm (v/v)

[H2S].
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1. Introduction

Centralized industrial-scale pig farms have led to an excessively
concentrated generation of animal waste, which has induced the
excessive use of wash-water. The concentrated pig slurry streams
from these large-scale pig farms cannot be treated by land-based
treatment systems in the land-restricted regions, and alternative
treatment options are often required to be developed due to uncon-
trolled release of nutrients to the watershed [1]. Consequently,
wastewater treatment at the dense pig farms in smaller areas has
been an ongoing problem caused by highly concentrated organic
and inorganic contaminants, viral and bacterial pathogens in pig-
gery waste. Since a wide range of animal waste treatment based
on the experience in treating other concentrated industrial waste
were applied in pig slurry treatment the engineered animal waste
treatment systems require reclamation of chemical and biologically
safe nutrient-rich solids, processed water, biogas for energy, and
reduction of odor. To address this requirement, many researchers

ment schemes instead of traditional methods [2-5]. The most recent
approach includes integrated microalgal culture system to treat
livestock wastewater which is an efficient implication to reduce
the cost of biodiesel production and provide an environmental
benefit of microalgal bioremediation [34].

Béline and Martinez [6] reported that 60-70% of the TN in
the untreated pig slurry was reduced by aerobic digestion.
Autothermal thermophilic aerobic digestion (ATAD) requires
shorter (9-14 days) sludge detention times, and effectively de-
creases pathogen numbers, thus many researchers focused on
ATAD for high level organic wastewater treatment [7, 8]. The
ATAD process was also effective in volatile suspended solid re-
moval [9]. Although anaerobic digestion has potentials of producing
energy gas, decreasing odor problems, and reducing pathogen num-
bers, traditional anaerobic digestion would require the longer hy-
draulic detention times (HRT) and higher costs of energy require-
ment for efficient and sustainable digestion [10].

The expanded granular sludge bed (EGSB) reactor is a modified
up-flow anaerobic sludge blanket (UASB) reactor in which hydraul-
ic channeling and dead zones were improved. Superficial velocity

focused on developing efficient unit processes for alternative treat-
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in EGSB is higher than in UASB due to a high height to diameter
ratio and a high recirculation rate. Consequently, these character-
istics improve the mixing and the contact between the wastewater
and the sludge in the EGSB reactor [3, 11, 12].

More sophisticated systems are being developed for more effi-
cient process with higher biogas productivity and nutrient
reduction. Two-stage process associating a faster aerobic thermo-
philic process and a slower anaerobic mesophilic process is recog-
nized to attain the demands for both efficient organic matter removal
and pathogen reduction. Thus, better volatile solids (VS) removal
and biogas generation than single mesophilic process could be
achieved [13]. Technologies counted on selected combination of
unit processes fulfilling the specifically desired treatment are often
favored. Thus, a conjugated stage process of ATAD and EGSB with
sequencing batch reactor (SBR) system could be one practical alter-
native to manage the highly contaminated pig waste slurry [14].

In the recent years, many researchers have focused on the SBR
for its flexibility and efficient nutrients reduction from livestock
waste treatment in one stage processing. Furthermore, this reactor
configuration has merits due to its single-reactor operation and com-
pact system. Thus SBR is derived from its nutrient reduction perform-
ance for the high nutrients content of pig waste slurry [15-18].

This study has the following objectives to test the capability
and efficiency of the innovative pilot-scale process scheme engag-
ing an ATAD and EGSB unit process with SBR system for reduction
of highly concentrated contaminants in pig slurry waste on the
basis of results obtained. The specific aims of this study were
to test: (1) system performance such as reduction of volatile solids
(VS), supernatant chemical oxygen demand (COD), total nitrogen
(TN), ammonium nitrogen (NH,"-N), and total phosphorus (TP);
(2) fecal pathogens reduction; (3) biogas production during pig
waste slurry treatment.

2. Materials and Methods

2.1. Operational Process Scheme

Pilot scale tests were performed to investigate effectiveness of
reducing highly concentrated organics and nutrients from pig slurry
waste. A schematic diagram of the experimental set-up was shown
in Fig. 1.

The pilot scale experimental process consisted of three stages
of successive unit systems in series by using the effluent of the
previous step to the successive step as influent. The unit process
of ATAD with coagulation was tested for the first stage system. The
unit process of organic acid feeding and EGSB were used for the
second system. SBR was the third stage unit system (Fig. 1). The ATAD
and EGSB reactors were cylindrical tanks with working volumes
of 9.8 and 3.0 m’, respectively. The EGSB reactor has an internal
diameter of 0.6 m with a height of 11.0 m. Air was bubbled by
torus air diffuser through the contents of the ATAD to supply dissolved
oxygen contents of 2.6-3.3 mg/L needed to promote heat generation
through metabolic oxidation of the organic matter. The working vol-
ume of SBR was 10.0 m’ and operation cycles were controlled by
programmable timers. SBR is equipped with a submerged mixer for
stirring and a decanter for discharging the clarified effluent.
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Fig. 1. Schematic diagram of the proposed system.

2.2. System Description and Operation

The pilot scale experimental system was supplied with pig waste
slurry from a regional group of farmers keeping 6,000 hogs in
Seosan-si Chungcheongnam-do, Korea. The raw pig waste slurry
was comprised of waste mixtures of feces, urine and washing
water, and its characteristics are shown in Table 1. The feed pig
slurry composition was monitored for 14 months, and triplicate
samples were analyzed in each time for twice per week.

The ATAD unit process was operated at 3-day HRT and a flow
rate of 1.0 m%d of pig waste slurry was innoculated with 3.0
L enrichment medium of Bacillus, and sustained at 55+1°C. At
the first stage with the ATAD treatment, a portion of the pig waste
slurry withdrawn was simultaneously transported into the coagu-
lation system, and 500 mg/L of coagulant (Califloc; Outriger co,
Korea) with 75 mg/L of high molecular sub-coagulant (cation-poly-
mer flocculent) were dosed to flocculate top suspended solids.
Then the supernatant isolated from the coagulated sludge by gravity
centrifugation was sent to the organic acid tank located front of
the EGSB system to prohibit organic shock loading.

The EGSB system with 3.0 m® working volume was inoculated
with 0.6 m® (20% of reactor working volume) of mesophilic granular
sludge derived from an UASB tank treating sewage. After in-
oculation of the system, the granular sludge was acclimated to
give 13.1g TS/L and 9.2g VS/L in the liquid volume of the reactor
for three weeks. The experimental systems were operated for an

Table 1. Characteristics of Feed Pig Slurry

Item Minimum Maximum Average
pH 7.4 7.9 7.6%0.1
COD (g/L) 28.20 74.30 42.55+1.25
TS (g/L) 34.50 61.80 48.0%1.72
VS (g/L) 21.80 54.23 32.92%1.63
TN (g/L) 2.55 6.73 5.08+0.10
NH."-N (g/L) 1.89 4.99 3.68+0.64
TP (g/L) 0.49 1.31 1.12+0.045
Faecal coli form 107 g9x107  9.2x1070.8x10°

(CFU/g [TS])
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initial period of 30 days prior to data collection for evaluation
of the systems. The separated supernatant from the organic acid
tank was continuously fed to the EGSB reactor, the second unit
system in the treatment process. Influent was supplied with using
a feeding pump at a flow rate of 1.0 m*d, and effluent was sent
back to fluidize the bed at an adequate up-flow superficial velocity.
During the start-up, the organic loading rate (OLR) was slowly
lifted up from 5.0 to 16.5 kg COD/m?d, and the linear superficial
velocity of up-flow was also raised from 0.1 to 0.45 m/h. The
EGSB system was operated under mesophilic condition (35+1°C)
and buffered by alkaline compounds (NaCO;, NaHCO; and
Ca(OH),) and the refluxing of the effluent at pH 7.4-8.0 to intensify
the growth rate of the anaerobic bacteria. The third stage unit
system was the nutrient reduction system adopting a sequencing
batch reactor (SBR). During the entire test, one cycle of SBR was
comprised of 6 h operation, and two hours of aeration and one
hour of non-aeration per one cycle were performed. Parameters
for operation of all unit systems are listed in Table 2.

2.3. Sampling and Analytical Methods

The ATAD and EGSB effluent samples were analyzed for total solids
(TS), TVS, and chemical oxygen demand (COD). Sodium meta-
phosphate buffer (2 g/L; pH 6.8) was used to dilute samples by
1:10 for feed piggery waste, ATAD, faecal coliform density, EGSB
and SBR reactors. The removal efficiency, in terms of contaminants
in different forms, is calculated by dividing the difference between
the concurrent inlet and the treated outlet by the concurrent inlet,
and then multiplying by 100. For quantification of faecal coliforms,
faecal coliforms were counted as colonies in case of producing
a distinctive indigo blue color when mFC agar (Difco; Voigt, USA)
plates were utilized for incubation at 44.5 °C for 18-20 h. The
water displacement method was used to measure biogas generation
from the testing digesters. Kitagawa detector for toxic gas (Model
8014KA, MSI, USA) was used to measure hydrogen sulfide. Methane
content was analyzed by a Shimadzu GC (Model GC-14C, Dongil
Shimadzu, Korea), equipped with a thermal conductivity detector
(Dongil Shimadzu, Korea) and a stainless column of Porapak Q

(length, 2m; inner diameter, 3mm) (Restek, USA). A carrier gas
(H,) was provided at a flow rate of 15 ml min”. A YSI 58 DO
meter (Aqua Science, Korea) was used to measure dissolved oxygen
(DO) content and pH was monitored by using a pH meter of Orion
model 3STAR (Aqua Science, Korea). COD, VS, NH,*-N, TN, TS
and TP analyses were conducted by following the methods described
in the Standard Methods (APHA, 1998) [19].

3. Results and Discussion

3.1. TVS Reduction

To evaluate the system performance for the feed pig waste slurry
treatment, the reduction in TVS was obtained and shown in Fig. 2.

Fig. 2(a) shows the increasing TVS reduction levels in the ATAD
reactor during the start-up phase. The TVS removal efficiency de-
creased suddenly after 50 days of operation due to increased loading.
After 70 days of operation, a TVS removal efficiency of more than
35% and a TVS concentration of less than 25.0 g/L stabilized.
In the first unit process system (ATAD and coagulation), the average
feed TVS concentration of 3.29% was reduced by 63.6% (Fig. 2(b)).
Abundant organic contaminants and high temperature (55°C)
seemed to contribute the higher decrease in TVS by more vigorous
metabolism in the ATAD of the pre-treatment, which helped fast
growth of thermophiles. The organic matter content in the pig
waste slurry degraded within 2-3 days of aeration during the thermo-
philic aerobic digestion process then separated from the supernatant
by coagulation. During sludge digestion, the VS reduction can be
the most significant indicator of the system performance [20].

In the second unit process system (organic acid tank and EGSB
reactor) for the main-treatment, 89.8% of VS transferred from the
first-stage was reduced, corresponding to overall reduction of 32.7%
TVS in the feed pig slurry (Fig. 2(b)). The TVS removal efficienct
achieved in the third unit process system (SBR) was found to
be 64.9%, which resulted in overall 2.4% reduction in TVS of
the feed pig waste slurry (Fig. 2(b)). As a result, 98.7% total TVS

Table 2. Operating Parameter Specifications of the Proposed Unit Process

Unit system

Operating parameters

Operating conditions

ATAD HRT (d) 3
Temperature (°C) 55+1
pH 7.5-8.1
Air flow (m*min) 85.2
Inflow of semi-batch mode (m*) 1
Coagulation Coagulant (Califloc) (mg/L) 500
Flocculant (cation-polymer) (mg/L) 75
EGSB Organic loading rate (kg [COD] /m?d) 5.0-16.5
Line up flow velocity (m/h) 0.1-0.45
Temperature (°C) 351
pH 7.4-8.0
Flow rate (m%d) 1
SBR Number of Intermittent aeration/Idle (h/h) 7 (2/1)
Settle (h) 1
Decant & Discharge (h) 1
Feed (h) 1
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Fig. 2. Reduction in TVS (a) in the ATAD, and (b) at each stage unit
system.

in the feed was found to be reduced as total organic degradable
solids in the pig waste slurry slowly decreased.

3.2. COD Reduction

To evaluate the system performance for pig waste slurry treatment in
the feed, the COD reduction was also obtained and shown in Fig. 3.

The inflow rates to the ATAD and EGSB reactor were same
as 1.0 m%d, and COD concentrations in the feed pig waste slurry
to each unit process system were 42.550 and 16.424 g/L,
respectively. After aerobic digestion and separation by coagulation
and centrifuge where major fraction of solids was removed (61%),
more liquid manure fraction than the feed pig slurry was processed
in the EGSB reactor for reduction of total residual COD (Fig. 3(b)).
Thus COD loading to EGSB unit by the inflow rate corresponded
to organic loading rate (OLRv) of 3.0-16.5 kg COD/m%d at HRT
of 1 day. Fig. 3(a) shows the COD reduction levels in the ATAD
reactor during the start-up phase. The COD removal efficiency
was less than 30% but after 65 days of operation, a COD removal
efficiency of more than 40% and a COD concentration of less
than 30.0 g/L stabilized. This reason might be the increased rate
of particulate hydrolysis due to the growing microbial population,
leading to a release of more biodegradable materials that contribute
to the temporary rise of COD in the treated waste. The treated
waste COD reflected both the hydrolyzed particulate and soluble
organic matter in the feed waste. TVS degraded into the supernatant
at the first unit process system, releasing a lot of organic matters
such as proteins, nucleic acid, polysaccharides and lipids, and
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Fig. 3. Reduction in COD (a) in the ATAD reactor, and (b) at each
unit process system.

a higher COD removal efficiency was obtained at the first unit
process system [21].

During the first unit process system (ATAD), aeration caused
the highest degradation of organic matter within 2-3 days, which
brought the large amount of COD increase in organic matter [20].
The destruction of cells by heat treatment released proteases, and
thermophilic microorganisms could have used compounds re-
leased by other microorganisms and achieved rapid growth [22].
During the sludge digestion process, thermo-stable enzymes en-
hanced the degradation rate [23]. Thus the COD reduction could
be enhanced by the organic matters degraded in the ATAD before
transporting to next stage (Fig. 3(a)).

In the second unit process system (EGSB), COD in the treated
waste from ATAD had decreased to 2.34 g/L, corresponding to 33.1%
reduction of the feed untreated waste slurry (Fig. 3(b)). Different
liquid up-flow velocities were applied using effluent recirculation
from 0.1 to 0.45 m/h and the increased superficial velocity enhanced
the COD reduction in the EGSB, which designated the important
role of optimum hydraulic mixing rate. The COD reduction were
earned to be 61.4, 33.1, 4.7% of the feed pig waste COD at each
unit process system of ATAD, EGSB, and SBR reactor (Fig. 3(b)),
respectively, and thus COD reduction in the treated pig waste slurry
along with TVS reduction in the feed shows the organic matter
reduction earned in the combined system. As a consequence, the
overall 99.2% of COD content was reduced by the system.

3.3. Nutrients Reduction
The reduction in TN and NH4,*-N for the pig slurry treatment
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Fig. 4. Reductions in TN and NH,"-N at each unit process system.

are also shown in Fig. 4. The initial ratio of NH,"-N/TN in the
feed was about 0.72 but reached up to 0.83 after 3 days of operation.
The concentrations of NH,*-N and TN in the suspension increased
in the first stage of digestion in ATAD, probably due to the decom-
position of protein in extracellular polymeric material and the degra-
dation of temperature intolerant cells [23-25]. Thus, 3.68 g

NH,*-N/L and 5.08 g TN/L in the suspension attained concen-
trations of 3.703 and 3.065 g/L, respectively, in ATAD (Fig. 4).
Furthermore, NH;"-N was the predominant element of the TN in
the suspension, with the ratio of NH,"-N/TN commonly reaching
above 0.75 and even increasing up to 0.83 after 3 days of operation.
Willer et al. [26] reported that ammonia is mainly released from
the organic nitrogen substances in the waste as nitrification and
denitrification were inhibited in thermophilic aerobic digestion.
The concentration of NH;*-N and TN in the first unit process system
had decreased to 1.335 and 1.737 g/L, corresponding to removal
efficiencies of 63.7 and 65.8 %, respectively, compared with that
of the feed pig waste slurry (Fig. 4). As the digestion process con-
tinued, the reduction of the biodegradable organic matter in TVS
was no longer important, so the pH sustained near neutral.

In the second unit process system (EGSB), the remaining NH,"-N
and TN were decreased further to 1.162 and 1.371 g/L, corresponding
to removal efficiencies of 4.7 and 7.2 %, respectively (Fig. 4). By
the third unit process system (SBR) with consecutive processes
of nitrification—denitrification, rest of all TN and NH,"-N compo-
nents were decreased to 97 TN mg/L and 54 NH,"-N mg/L. Thus,
92.9 and 95.4% of the TN and NH,*-N in the effluent transferred
from EGSB reactor were reduced by the SBR reactor, respectively.
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Fig. 5. Reduction in TP at each unit process system.

As a consequence, the overall 98.1 and 98.5% of TN and NH,"-N
components were reduced by the system, respectively.

The TP reduction for the pig waste slurry treatment is also
shown in Fig. 5.

The first unit process system of phosphorus removal showed
a decrease in TP concentration from 1.12 to 0.335 g TP/L during
the ATAD and coagulation process (Fig. 5). After aerobic digestion
and separation by decanter centrifuge where major fraction of
phosphate is removed (70%), this concentration reduced further
to 0.22 g/L, corresponding to 10.3% of reduction in the influent
suspension in the second unit process system (EGSB) (Fig. 5).
61.8% reduction of TP concentration was achieved by the third
unit process system (SBR). Lee et al. [33] reported that the phospho-
rus accumulation into sludge content through the aerobic and
anaerobic conditions in SBR unit could be earned to the maximum
7.1% of MLVSS. Thus excess sludge containing TP was removed
from the system boundary and thus the effluent concentration
reached 0.084 g TP/L (Fig. 5). As a result, the overall TP removal
rate of 92.5% was also accomplished by the system.

3.4. Overall Mass Balance at Each Unit Process System

The overall mass balance for the system performance was assessed
with respect to the load at each unit process system. The removal
rate was evaluated as the reduction efficiency of mass load for
each unit process system. The removal rate and overall mass balance
at each unit process system are listed in Table 3.

The overall removal efficiencies of 98.7 and 99.2% for TVS
and COD, respectively, were predominantly attained by ATAD,

Table 3. Removal Rate and Overall Mass Balance at Each Unit Process System

Unit system s cob

(8) (%) (&) (%)
Input 32.92 100 42.55 100
1%-stage (ATAD) 11.36 34.5 17.91 42.1
Coagulation 9.58 29.1 8.21 19.3
2™._stage (EGSB) 10.77 32.7 14.08 33.1
3™.stage (SBR) 0.79 2.4 2.0 4.7
Output 0.43 1.3 0.34 0.8
Overall - 98.7 - 99.2

* (g): reduced amount of contaminant at each stage
(%): overall reduction rate at each stage
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TN NH,*-N TP
(8 (%) (8 (%) (8 (%)
5.08 100 3.68 100 1.120 100
1.38 27.1 0.62 16.7 0.282 25.2
1.97 38.7 1.73 47.0 0.503 44.9
0.37 7.2 0.17 4.7 0.115 10.3
1.27 25.1 1.11 30.1 0.136 12.1
0.1 1.9 0.05 1.5 0.084 7.5
- 98.1 - 98.5 - 92.5
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coagulation and EGSB unit process systems. Overall nitrogen re-
moval efficiencies were also earned to be 985 and 98.1% for NFH."-N
and TN, respectively, in the system. These nutrients were mainly
reduced by coagulation, NH; gas, and nitrification-denitrification
consecutive processes. TP removal was also attained by sludge
disposal of luxury-uptake and coagulation, so, an overall removal
efficiency of 92.5% was achieved.

3.5. Control and Reduction of Pathogen

The mean concentration of faecal coliforms was analyzed to be
9.2x10” CFU/g [TS] in the feed pig waste slurry and was in
higher level than the reported concentrations [27]. During the
first unit process, concentration of faecal coliforms decreased
to about 1.2x10* CFU/g [TS] in the ATAD could be attributed
to the thermophilic step in the ATAD unit system. The faecal
coliform density of the municipal waste sludge was reduced
from about 10° to about 10* MPN/g [TS] by the 1-day SRT thermo-
philic reactor [28]. The pathogen concentrations decreased from
10° to under detectable concentrations within 4 h at thermophilic
temperatures [29, 30]. These previous results explain that the
temperature and duration of digestion could be effective parame-
ters for the reduction of faecal coliforms density during aerobic
process digestion.

During the third-stage treatment, the supernatant was inter-
mittently aerated in the SBR reactor through following a successive
phase of aerobic and anaerobic conditions that impacted microbial
survive. In the SBR reactor of the third unit process system, succes-
sive alternation of oxic and anoxic conditions has impact to the
conditions for declining faecal coliforms density in liquid slurry
waste. Vanotti et al. [31] reported that the nitrificatione-de-
nitrification reaction by alternating oxic and anoxic conditions
showed an effective impact for decreasing faecal coliforms in liquid
pig waste. As a result, density of faecal coliforms decreased to
lower detectable level, and thus no colonies to detect at the higher
threshold limit value of < 2 CFU/mg [TS] were found.

3.6. Biogas and Methane Generation

Trends of mean biogas and methane generation obtained from
EGSB of the second unit process system are designated in Fig. 6.

A correlation between the TVS and the biogas generation was
monitored during 150 experimenting days. Biogas started to be
produced after 55 days from the start of the experiment. The average
contents of biogas and methane produced were in the range of
0.39-0.85 and 0.25-0.62 m’/kg [TVS] destroyed from the EGSB
reactor, respectively. The biogas generation from the third unit
process system attained a maximum of 0.85 m’kg [TVS] removed
after 115 days of test, but the methane generation initialized at
38.5% of biogas content then attained a maximum of average 72.9%
of biogas content after 115 days of test.

At the second unit process system (EGSB), H.S content in the
biogas was found to be relatively low concentration of 295+26
ppm (v/v). H.S content in the biogas can be a reason of extra
further scrubbing for reuse, and the corrosive effect of the gas.
The lower the H,S concentration in the biogas, the more valuable
it is for energy regeneration. This study results showed similarity
with previous reports that air-stripping of H.S from the waste
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slurry in the aerobic thermophilic digester was effective to decrease
the H,S levels from the following anaerobic digester in the two
unit system biogas [28, 32].

4. Conclusions

The effective treatments can decrease pathogens level, con-
taminants levels and manure volume, and odor potential. This
study suggested the effective strategic process scheme for piggery
waste slurry control for the management of pollutants at high
concentration. The proposed system used in this study showed
a way of controlled environmental management strategy and con-
taminants reduction.

Overall removal efficiencies of 98.7% for TVS, 99.2% for COD,
98.1% for TN, 98.5% for NH,"-N and 92.5% for TP were attained
from feed concentration levels of 32.92 g/L. [TVS], 42.55 g/L [COD],
5.08 g/L [TN], 3.68 g/L. [NFL"-N] and 1.12 g/L [TP] without supple-
mentary dilution. Pathogen was also reduced subsequently by
this system during the treatment. No colonies were appeared to
be counted at the higher threshold limit of < 2 CFU/mg [TS],
and thus faecal coliform decline resulted in 1.2x10* CFU/g [TS].
The mean contents of methane and biogas generated were in the
ranges of 0.39-0.85 and 0.25-0.62 m’/kg [TVS] destroyed, re-
spectively, and some portion of the organic substance was utilized
in the ATAD for heat production.

As a result, the proposed process scheme showed the possibility
of using ATAD, EGSB, coagulation and SBR unit process system
as an alternative technology for the control of piggery waste
treatment. This system showed the successful development of
an integrated process to environmental constraints. The effluent
polishing with symbiotic bacteria-microalgal treatment might be
effective in the future for further treatment of the economic control
of residual nutrients still left over in the system.
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Nomenclature
Analytical parameters Operating parameters
CFU Colony forming unit DO Dissolved oxygen, mg/L
COD Chemical oxygen demand, g/L HRT Hydraulic retention time, d
MPN Most probable number, coliforms 100/ml MLVSS  Mixed liquor volatile suspended solids, mg/L
TN Total nitrogen, g/L OLR Organic loading rate, kg/m®/d
TP Total phosphorus, g/L SRT Solid retention time, d
TS Total solids, g/L
VS Volatile solids, g/L
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