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Abstract

This research investigated the performance and greenhouse gas emission from high strength
municipal solid waste (MSW) leachate by sequencing batch reactor(SBR) with Alcaligenes faecalis No.4
(A. faecalis No.4). The SBR was carried out by anaerobic reactor followed by aerobic reactor. The
system was operated at hydraulic retention times (HRT) of 2 days during 130 operating days (Run 1) and
45 days with A. faecalis No.4 (Run 2). At steady state, the organic removal efficiencies were found to be
62.7% for (Run 1) and 86.7% for (Run 2). The organic carbon and nitrogen were mainly removed in
aerobic reactor. The surface emission rates of methane and Nitrous oxide in aerobic reactor were

reduced 35% and 149%, respectively with A. faecalis No.4.
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Introduction

Leachate pollution from solid waste
disposal is receiving more attention as the
increase in the amount of solid waste collected
from urban areas is dumped into landfills or
open dumpsites, especially in developing
countries. More stringent regulations on leachate
control have been put forward for a better
management of solid waste disposal sites.
Municipal solid waste leachate contains other
compounds, including organic substances and
toxic substances.

Sequencing batch reactor (SBR), which is
widely used for biological nutrient removal (BNR) in
municipal and industrial  wastewaters  [1].
Sequencing batch reactor (SBR) has become a
global researcher's focus to optimize operational
flexibility, space saving, and operating costs [2, 3].

This study aims to develop a two-step SBR
process. However, greenhouse gases (GHGs) can
be produced significantly from biological activity
during treatment because methane (CH,) can be
produced under anaerobic conditions in the
initial stages of treatment [4]. Significant CH,
emissions can occur at non-oxygenated areas of
the leachate system under high loading [5]. In
addition, the appearance of high levels of
nitrogen in the leachate can cause the emission
of N,O significantly soon after the raw leachate is
aerated [6].

removal since N,O is produced by autotrophic

N,O is released during nitrogen

nitrifying bacteria, most of which are ammonia
oxidation bacteria [7] during the nitrification, but
most of them would be produced during
denitrification [8].

In order to overcome limitation of
indigenous nitrifying microorganisms, microorganisms
that have heterotrophic nitrification and aerobic
Paracoccus

denitrification  abilities such as

denitrificans, ~ Pseudomonas  stutzeri  and
Alcaligenes feacalis have been introduced as
potential microorganisms that may be used to
overcome problems inherent in the conventional
method [9]. Among them, Alcaligenes faecalis
No.4 (A. faecalis No.4), has several advantages
over other microorganisms such as (1) procedural
simplicity, where nitrification and denitrification
can take place simultaneously, (2) shorter
acclimatization period, (3) lesser buffer quantity
needed because alkalinity generated during
denitrification can partly compensate for the
alkalinity consumption in nitrification. A. faecalis
No.4, was used to treat concentrated organic and
nitrogenous wastewater such as anaerobic
digester, coking wastewater, cattle wastewater
(12,000 mgCOD/L) as well as high strength
ammonium  wastewater (5,000 mgN/L) from
chemical companies [10]. In greenhouse gas
emission perspective, A. faecalis No.4 were
found to contribute to reduce methane
production whereas this specific microorganism
can remove 40-50% of ammonium through
denitrification and 90% of denitrified products
was in the form of N, [11, 12]. The rest of
removed ammonium was convert to intracellular
nitrogen thus producing less N,O during its
process.

To explore the possibility in enhancing
of treatment performance of two-stage SBR
through bio-augmentation of A. faecalis No.4, an
experimental study was carried out to investigate
the organic and nitrogen removals and
greenhouse gas (CH, and N,O) emission from the
two-stage SBR system. Specific objective of this
study was to determine appropriate operating
condition of two-stage SBR to achieve high
efficiencies

treatment while  producing low

greenhouse gas emission.
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Methodology

Lab-scale SBR unit with capacity of 5 \/d
was used in this study. The schematic diagram
of the experimental system is shown in Figure 1.
The system consisted of two treatment steps.
The anaerobic and aerobic reactor, each has
0.010 m’ working volume. The aeration was
continuously supplied to the aerobic reactor
which  maintained DO level of 3-4 mg/l

(Controlled by aeration pump).

Hydraulic retention time (HRT) in both
tanks was kept at 2days. The study was
conducted in two experimental systems. Run 1
(without A. faecalis No.4, 130 days) and 2 (with
A. faecalis No.4 in aerobic tank, 45 days), are
operated continuously from anaerobic (Stage )
to aerobic reactors (Stage Il). The two run have
been used to provide stable conditions in terms

of water quality and emissions.

Figure 1 Schematic of two-stage SBR system

Leachate preparation and water quality
analyses

Raw leachate was obtained from solid
waste collection trucks into waste disposal area,
collected at the station every week. Wastewater
samples were kept in a glass container and
a°c. Al

performed according to the standards for water

stored at leachate analysis was
and wastewater [13]. The water parameters used
in the analysis include pH, DO, BOD, COD, TOC,
SS, NHs, TKN, NO, and NOs. In the reactor, MLSS
concentrations were monitored. Total viable cell

numbers in aerobic tank (expressed as cell per
ml.) was counted on L agar plates [14], while
greenhouse gases include CH,; and N,O. Chemical
characteristics of leachate are shown in Table 1.
The leachate used exhibited high organic
concentrations in terms of BOD, COD and TOC
and was acidic in nature. SBR was prepared by
mixing fresh leachate and tap water at a
ratio of 1: 3 v/v to maintain a constant COD
concentration in leachate feed. The average
concentration was 8,050 mg COD/L and was to

be consistent in feed water.
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Table 1 Chemical characteristics of raw and feed leachate

Raw leachate Diluted leachate used in the experiment
Parameters Range Average
Range Average(SD)
(System | & 1I) (System | & 1I)
pH 3.2-5.1 4.25(0.82) 4.8-5.9 5.24(0.73)
BOD(mg/V) 58,520-70,500 62,050(5,210) 5,150-5,530 5,240(210)
COD(mg/V) 72,400-84,200 74,320(5,260) 7,500-8,560 7,840(340)
TOC(mg/\) 16,550-23,540 19,870(2,210) 2,580-3,380 2,890(310)
SS(mg/V) 410-1,420 680(32) 82-550 235(120)
NH5-N(mg/l) 2,480-3,350 2,800(290) 730-850 770(51)
TKN(mg/) 2,620-3,530 3,220(310) 820-1,130 905(80)
NO ,-N(mg/l) 0.4-0.9 0.6(0.40) 0.3-0.6 0.4(0.05)
NO 5-N(mg/l) 0.9-2.8 2.0(0.60) 0.3-2.3 1.7(0.8)
Note: The numbers show avg. (SD) values
Determination of greenhouse gas emission Fan = _Fac{asey (1)
ASE(IFIHT)

During the operation, a closed-flux
chamber was occasionally placed on top of
anaerobic and aerobic reactors to determine
greenhouse gas emission from the system. Close
flux chamber is a chamber made of plastic plate
with 150-mm in diameter and 100-mm in height.
During the measurement, special care was taken
to make sure that there were not any egas
leakages. The reactor surface area which covered
0.018 m’. In

determine the emission rate, gas samples from

the chamber was order to
the closed-flux chamber were collected into a
9-ml vial by a gas-tight syringe at different time
intervals (e.g. every 30 minutes) up to 120
minutes. Then, gas composition in a vial was
analyzed by using a gas chromatograph (GC) for
CH; and N,O analysis. Closed flux chamber
operated by allowing upward diffusive gas to
accumulate in the chamber. As the area of flux
chamber and reactor was equal, the increasing
rate of gas in the chamber was used to

determine the mass of emitting gas as follows.

Where F,y = Mass of gas emitted from anaerobic
(g/mz.d) at 25°C ; V =volume of chamber (mS);
AC/At = gas concentration gradient (g/m3.d);
T = temperature measured in degree: Celsius
(°C). The gas emission was measured from
anaerobic reactor at different times during the
operation period. For the determination of gas
emission from aerobic reactor, gas samples were
collected from the cover chamber equipped
with gas outlet port. The size of cover chamber
was identical to that used in anaerobic reactor.
The gas emission was determined from supplied
air flow rate and measured outflow gas

concentration using the following equation.
Fae = Qu C/A 2

Where F,e = Flux of gas emitted from aerobic
reactor (¢/m’.d), Q= supplied air flow rate
(m’/d), C = outflow gas concentration (g/m3) and

A= area of the cover chamber (mz).
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Results and Discussion

Treatment performance of SBR

During the 1% run (W/O A faecalis No.4), the
BOD and COD efficiencies in the SBR system were
64.5% and 51.3%, respectively. NH; and TKN
removals were also higher than 50% as shown in
Table 2. Most of nitrified nitrogen was denitrified
resulting in low concentrations of oxidized nitrogen.
In the 2™ run (With A faecalis No.4), slightly higher
BOD COD and TKN removal efficiencies of 80.1%
67.8% and 75.1%, respectively were obtained but
changed to indicating. At with A. faecalis No.4
conditions, much higher biodegradable organic
(BOD) concentrations were detected in the effluent
of aerobic reactor even though the effluents from
first stage anaerobic reactor were only moderately
elevated.

Figure 2 shows the variation of biomass
(MLSS) concentrations in anaerobic and aerobic
reactors as well as A. faecalis No.4 population.
In Run 1, MLSS in aerobic reactor gradually
increased from 7.1 to 9.2 glfl at an increasing rate
0.017 gU'd" while MLSS in the anaerobic reactor
were kept relatively constant at about 4.2 gtfl.
When A. faecalis No.4 was introduced in the

aerobic reactor in Run 2, MLSS was continuously
increased to 13.3 gl’1 having higher biomass
increasing rate of 0.095 gLfldfl. This significant
increase in biomass concentration in the aerobic
reactor was possibly associated with the growth
of A. faecalis No.4. The results indicate that the
A. faecalis No.4 could utilize carbon and nitrogen
compounds presented in the leachate efficiently
for their growth under aerobic condition. Their
cell concentrations were increasing from 6.5x10°
to 5.3x10” cells mU" during that period. Naturally,
the growth of A. faecalis No.4 were also found
associated with elevated pH condition as the pH
was found increase from 8-9 on day 132 and up
to more than 10 during initial period (day
141-145) of Run 2 during which a decrease in
A. faecalis No.4 population was observed.
Subsequent operation with pH control (day
146-175) between 8 and 9 led to more stable
operation and steadily growth of A. faecalis No.4.
Extremely high pH condition, e.g. more than 11,
was also reported to inhibit the growth of
A. faecalis No.4 in previous study [14]. These
results suggested that with A. faecalis No.4 had
insignificant effect on the SBR performance on
organic and nitrogen removals.

Table 2 Effluent qualities from SBR during steady operation

Parameters | Without A. faecalis No.4 With A. faecalis No.4

Eff. Eff. % Eff. Eff. %

(An-SBR) (Ae-SBR) Removal | (An-SBR) (Ae-SBR) Removal
pH 6.4(0.3) 7.3(0.2) - 6.5(0.2) 9.5(0.6) -
DO 0.0(0.02) 4.1(0.5) - 0.2(0.1) 2.1(0.3) -
BOD 3,915(137) | 1,860(138) | 64.5 4,035(154) | 803.0(206) | 80.1
COD 6,482(94) 3,157(151) | 51.3 6,540(101) | 2,106(345) | 67.8
TOC 2,006(140) | 750(91) 62.7 2,098(140) | 279(432) 86.7
NH" 5N 615(42) 300(30) 50.2 624(33) 619(126) 77.9
TKN 642(32) 285(14) 555 701(26) 175(62) 75.1
NO ,-N 0.16(0.06) 0.08(0.07) 48.3 0.21(0.11) 0.05(0.12) 72.5
NO 5N 0.64(0.16) 0.3(0.09) 55.4 0.88(0.3) 0.2(0.13) 77.3

Note: The numbers show avg. (SD) values
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Figure 2 Characteristic of A. faecalis No.4 and biomass concentration

Measurements of greenhouse gas emissions
from SBR

Table 3 presents surface emission rates of
CH, and N,O from anaerobic and aerobic reactors
during leachate treatment. During the 1" run
(W/O A. faecalis No.4), average CH, emission rate
from anaerobic and aerobic reactors was 0.195
and 0.013 g/mz.d. This is equivalent to CH, mass
of 0.0035 and 0.0003 g¢/d. Meanwhile, N,O
emission rate was 0.0217 and 0.0022 g/mz.d.
These results show that both greenhouse gases
were mainly emitted from the anaerobic reactor.
When put A. faecalis No.4 operated in the 2™
run, CH, and N,O emission rates were found

decreasing in aerobic reactors. These results
show that both GHG were mainly emitted from
the anaerobic reactor. Similar observation on the
CH, emission trend during the treatment process
was reported in [1]. The major source of CH,
emission came from the first reactor which
was favorable for methanogens. Meanwhile,
Anaerobic reactor N,O production could take
place where DO was maintained at about
0.5 mg/L. In previous research, it was reported
that high N,O production was observed under a
DO level less than 2 mg/L [5, 7] as N,O was
produced from denitrification instead of N, in low

oxygen condition [15].

Table 3 CH, and N,O emission from anaerobic and aerobic reactors of SBR system

Conditions GHGs Anaerobic(g/mz.d) Aerobic(g/mz.d)
Range Avg Range Avg
W/O A. faecalis No.4 CH,4 0.127-0.297 0.195 0.012-0.018 0.0132
N,O 0.004-0.024 0.022 0.0020-0.0028 0.0022
With A. faecalis No.4 CH, 0.142-0.267 0.209 0.007-0.012 0.0086
N,O 0.006-0.037 0.023 0.0017-0.0022 0.0019
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Conclusion

An experimental study on greenhouse gas
emission from two-stage SBR treating highly
concentrated leachate suggested CH, gas were
mainly emitted from first anaerobic stage at an
average rate of 0.195 and 0.209 g/mz.d at Run |
and Run Il. Meanwhile, the emissions from
second aerobic reactor were 0.0132 and 0.0086
g/mz.d, respectively. Decreases in Run Il in
aerobic reactor, decreased CH, emission by 35%.
Based on this conclusion, it is recommended to
run the system at a very high storage capacity,
which will improve the efficiency of wastewater
treatment and reduce greenhouse gas emissions.
A. faecalis No.4 with heterotrophic nitrification
abilities  was
SBR  yielding

improved organic carbon and nitrogen removals.

and  aerobic  denitrification

bio-augmented in  two-stage
High organic carbon (86.7%) and nitrogen (75%)
removals were achieved even the system was
operated with A. faecalis No.4.
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