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bstract

High ammonia concentration of recycled landfill leachate makes it very difficult to treat. In this work, a vertical aerobic/anoxic/anaerobic lab-scale
ioreactor landfill system, which was constructed by intermittent aeration at the top of landfilled waste, as a bioreactor for in situ nitrogen removal
as investigated during waste stabilization. Intermittent aeration at the top of landfilled waste might stimulate the growth of nitrifying bacteria and
enitrifying bacteria in the top and middle layers of waste. The nitrifying bacteria population for the landfill bioreactor with intermittent aeration
ystem reached between106 and 108 cells/dry g waste, although it decreased 2 orders of magnitude on day 30, due to the inhibitory effect of the
cid environment and high organic matter in the landfilled waste. The denitrifying bacteria population increased by between 4 and 13 orders of
agnitude compared with conventional anaerobic landfilled waste layers. Leachate NO3

−–N concentration was very low in both two experimental
andfill reactors. After 105 days operation, leachate NH4

+–N and TN concentrations for the landfill reactor with intermittent aeration system

ropped to 186 and 289 mg/l, respectively, while they were still kept above 1000 mg/l for the landfill reactor without intermittent aerobic system.
n addition, there is an increase in the rate of waste stabilization as well as an increase of 12% in the total waste settlement for the landfill reactor
ith intermittent aeration system.
2006 Elsevier B.V. All rights reserved.
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. Introduction

Recycled landfill leachate is often characterized by its high
mmonia concentration, which is even higher than during con-
entional single pass leaching [1]. In addition, the C/N ratio
s lower in stabilized leachate, thereby causing serious chal-
enges to treatment systems [2]. There are many different land-
ll leachate treatment options, include complex and expensive
vents of ex situ physical–chemical and biological processes for
he treatment of high strength ammonia. Of these, biological
reatment is the most common method for ammonia removal in
eachate, due to the lower cost [3,4].

Conventional systems for the biological treatment of

mmonia-rich wastewater involve both nitrification and denitri-
cation. In the nitrification step, NH4

+ is firstly oxidized to nitrite
y bacteria such as Nitrosomonas, and then the nitrite produced

∗ Corresponding author. Tel.: +86 571 86971156; fax: +86 571 86971156.
E-mail address: heruo@zju.edu.cn (R. He).
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trifying bacteria; Denitrifying bacteria

s oxidized to nitrate by microoganisms such as Nitrobacter.
here is a need of a great of oxygen during the nitrification pro-
ess. When the degradable organic carbon level is high in the
nvironment, heterotrophic microorganisms would outcompete
itrifiers for oxygen and nutrients. However, the most denitri-
ying bacteria exist in the environment in which organic com-
ounds are presents, and use organic matter as carbon resources
nd electron donors. Denitrification is inhibited by the presence
f oxygen, and limited to anoxic environments. Therefore, ex
itu treatment of ammonia commonly need spatial separation of
itrifying and denitrifying units, or temporal separation of each
tep by alternating aeration and no aeration in the same unit. Fur-
hermore, for the high ammonia/low carbon leachate, the method
f biological nitrogen removal usually needs air-stripping pre-
reatment and external carbon sources such as methanol to adjust
/N ratio [5,6]. This not only increases importantly in costs, but

lso enhances the difficulty of management.

The landfill environment is a complex heterogeneous system
n which different types of microorganisms coexist. The pre-
ominant microorganisms vary with the prevailing conditions
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culation and gas collection. Adapters were held in place with
wax to provide a gas-tight system. The anaerobic reactor was
operated in an UASB reactor made of PVC (10 cm i.d., 80 cm
height) with working volume of 5.50 l. Collection tanks with
R. He, D.-s. Shen / Journal of Haza

nd the organisms-substrate specificity during waste stabiliza-
ion [7]. Normally, the conditions prevalent in a landfill body
re anaerobic/anoxic thus enabling methanogenesis and, poten-
ially, denitrification. The feasibility of waste materials, such as
rushed brick, bulking agent of compost, as filter media for nitri-
cation and denitrification in an anoxic/anaerobic column filled
ith landfilled waste has been shown in laboratory and on-site
ilot [4]. Onay and Pohland [8] utilized compost as the waste
atrix, and adopted the air inlet at the bottom of the reactor to

evelop a three-component simulated landfill system, including
noxic, anaerobic and aerobic zones, for in situ attenuation of
igh residual leachate ammonia nitrogen concentrations. Since
xygen penetrates in the interstices of landfilled waste, vertical
erobic/anoxic/anerobic biological zones are formed naturally in
andfill ecosystems. Many wastewater treatment facilities, such
s rotating biological contactors, oxidation ditchs and sequenc-
ng batch reactors, indicate the aerobic/anoxic/anaerobic treat-

ent processes reduce ammonia concentration [9,10]. In the
ast few years, some new processes and operational strategies
y limiting the oxygen supply for a nitrification reactor, such
s SHARON and OLAND, have arisen to reduce operational
osts of the biological nitrogen removal process in wastewater.
owever, few studies have reported on landfilled waste bed for
itrogen removal during waste stabilization.

In a typical landfill, waste stabilization progresses through the
nitial adjustment phase, transition phase, acid formation phase,

ethane fermentation and maturation phase. The rate and char-
cteristics of leachate produced from a landfill vary from one
hase to another, and reflect the microbially mediated processes
aking place inside the landfill. The initial adjustment phase
s associated with initial placement of solid waste and accu-

ulation of moisture within landfills. In the transition phase,
eld capacity is exceeded and leachate is generated. Measurable
oncentrations of chemical oxygen demand (COD) and interme-
iates such as volatile fatty acids (VFA) appear and increase in
eachate. With the continuous hydrolysis and fermentation of
aste, a decrease in pH occurs with VFA becoming dominant

n leachate during the acid formation phase. In the methane fer-
entation phase, leachate organic strength is decreased dramat-

cally with intermediate acids consumed by methane-forming
onsortia (methanogenic bacteria) and converted into methane
nd carbon dioxide. And leachate pH is elevated to the level
f biocarbonate buffering system. During the final maturation
hase, leachate remains constant at low concentrations [11].
ohland and Al-Yousfi [12] reported that leachate recycle led

o the accumulation of fermentation products, consisting pri-
arily of volatile organic acids and alcohols, in the first phases

f waste decomposition. As a result, bacterial activity was inhib-
ted. When applying in situ nitrogen removal, leachate COD and
mmonia concentrations and their changes need to be taken into
ccount, especially in landfills containing leachate with varying
haracteristics and age [4].

Leachate with high concentrations of volatile organic acids

rom new landfill cells can be treated in a separate anaero-
ic reactor that has established methanogenic microflora [13].
n addition, circulating leachate between a landfill cell and an
naerobic reactor (mature landfill cell) takes advantage of high F
s Materials B136 (2006) 784–790 785

lkalinity of effluent in the anaerobic reactor to buffer low pH
n landfilled waste [14,15].

The objective of this research was to evaluate the performance
f nitrogen removal in an vertical aerobic/anoxic/anaerobic lab-
cale bioreactor landfill system, which was constructed by inter-
ittent aeration at the top of landfilled waste, and an upflow

naerobic sludge blanket (UASB) reactor was introducted into
eachate recirculation to elimiate the inhibitory effect of high
rganic matter in leachate on bacteria activity, especially in
itrification. The nitrifying bacteria, denitrifying bacateria and
hemical changes were characterized in the bioreactor landfill
ystem during waste stabilization as well as in the bioreactor
andfill system without intermittent aeration system.

. Materials and methods

.1. Municpal solid waste (MSW) composition

MSW was synthesized by mixing 10 different components
hredded into 2–4 cm pieces in the experiment. The physi-
al composition of the synthetic MSW mixture, according to
he investigation made in the city of Ningbo, was as follows
by weight): vegetables, 45.95%; fish, 2.55%; meat, 1.02%;
ruit, 8.12%; cooked rice, 1.02%; paper, 7.66%; plastics and
eather rubber, 12.18%; cellulose textile, 3.68%; brick sand
nd soil, 8.63%; metals and glasses, 6.38%; wood, 2.81%.
he readily and moderately decomposable organic waste con-
tituents (RMDOWC), i.e. vegetables, fish, meat, fruit and
ooked rice, accounted for 58.66%. Total nitrogen (TN) was
.338 ± 0.763 mg/dry g RMDOWC. The moisture content of the
ixture was about 56% (w/w).

.2. Experimental set-up

The experimental set-up used in this research is illustrated in
ig. 1. The simulated landfill reactor consisted of a 42-l cylinder
ade of PVC (28.7 cm i.d., 65 cm height). A polyethylene
ale adapter (about 0.8 cm) was installed at the bottom of each

andfill reactor as a leachate drainage port. Two such adapters
ere installed in the lid of each landfill reactor for leachate recir-
ig. 1. Schematic diagram of the bioreactor landfill systems in the experiment.
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otal volume of about 3 l were attached to landfill and anaerobic
eactors for collections of leachate and recycled leachate.

.3. Experimental design and operation

Two bioreactor landfill systems, R1 and R2, were used in the
xperiment. Both systems used were identical except that system
1 contained intermittent aeration at the top of landfilled waste
y an aeration pump. The schematic diagram of the experimental
ioreactor landfill systems is illustrated in Fig. 1, of which the
roken line part denotes the intermittent aeration system.

The anaerobic reactors were seeded with raw sludge procured
rom the Hangzhou citric acid factory and Hangzhou Shibao
ewage treatment plant. The volume of sludge inoculum was
2% v/v in each anaerobic reactor. The sludge was incubated
ith the synthetic wastewater with a chemical oxygen demand

COD) of 3000 mg/l for 10 days to activate the sludge activ-
ty. The synthetic wastewater contained (g/l): saccharose, 2.75;
H4Cl, 0.03; KH2PO4, 0.73; KHPO4, 0.25; NaHCO3, 3.30.
hen it was acclimated by leachate with COD concentration of
743–2436 mg/l and NH4

+–N concentration of 242–359 mg/l
rom Hangzhou Tianzhiling landfill. The start-up of anaerobic
eactors was accomplished when the COD removal efficiency
eached stability at above 70% under organic loading rate (OLR)
f about 1.0 kg COD/m3 d and hydraulic retention time of 2.2 d.
he acclimated sludge in anaerobic reactors R1 and R2 con-

ained total solids (TS) content of 90.8 g/l and 96.5 g/l and
olatile solids (VS) content of 33.0 g/l and 34.5 g/l, respectively.

Prior to filling, a 5 cm thickness of gravel was placed at the
ottom of each landfill reactor to retain refuse and stop small
articles from leaching out. Then about 23.4 kg synthetic MSW
ixture, which was added with deionized water to 75% moisture

ontent, was filled into each landfill reactor and a specific height
f 50 cm was attained. Finally, the waste mixture was covered
ith a 5 cm depth of sand. On the basis of the above filling,

ir injection pipes were laid on the landfilled waste at a specific
eight of 40 cm in landfill reactor R1. An aeration pump was run
t a flow rate approximately of 0.5 l/min between hours 8 and
0 and between hours 19 and 21 every day, to provide oxygen to
aste mass. Leachate was collected and stored in leachate col-

ection tank. After treated in the anaerobic reactor, the effluent,
amely recycled lechate, was collected and stored in recycled
eachate collection tank. Leachate was continuously circulated
etween the landfill and anaerobic reactors by using pumps with
djusted flow rates varying with leachate volume, except for the
rst two days when no recycled lechate was fed to the landfill
eactor. The recycled leachate volume, i.e. the effluent volume,
early amounted to the influent leachate volume every day. The
imulated landfill reactors were operated at room temperature
nd the anaerobic reactors were carried out in a temperature-
ontrolled room at 30 ± 1 ◦C.

.4. Microbial enumeration
Approximately 50 g of the MSW mixture was withdrawn
eriodically from three sampling ports of each landfill reactor.
fter mixed by hand manipulation, 25 g of the MSW sample was

s
b
l
r

s Materials B136 (2006) 784–790

sed to form an inoculum for microbial enumeration. Experi-
ents were performed to develop and validate the inoculum as

eported previously [16]. The remaining MSW sample was used
o monitor for moisture content.

Nitrifying bacteria and denitrifying bacteria in the MSW
ample were enumerated by the most probable number (MPN)
echnique with three tubes per dilution. The culture medium
or nitrifying bacteria contained (g/l): (NH4)2SO4, 2.0; FeSO4,
.2; K2HPO4, 1.0; MgSO4, 0.5; NaCl, 2.0; CaCO3, 5.0; pH,
.0–7.2. The culture medium for denitrifying bacteria con-
ained (g/l): KNaC4H4O6·4H2O, 20; KNO3, 2.0; K2HPO4, 0.5;

gSO4·7H2O, 0.2; pH, 7.2. All MPN tubes were incubated at
0 ◦C and checked for denitrifying bacteria growth after 14 days
nd nitrifying bacteria growth after 28 days. MPN analyses for
itrifying bacteria and denitrifying bacteria were based on prod-
ct formation [17]. MPN values were calculated from standard
PN tables.

.5. Analytical methods

Leachate and recycled leachate samples were taken from
ollection tanks weekly, and analyzed for COD, VFA, TN,
H4

+–N, NO3
−–N and pH. COD, TN, NH4

+–N, NO3
−–N and

H in leachate were determined by conventional methods [18].
FA was analyzed by acidified ethylene glycol colorimetric
ethod [19]. Dry weight of waste and moisture content were
easured by drying the sample in an oven at 105 ◦C. VS was
easured by ashing the dried waste in a furnace at 550 ◦C.

. Results and discussions

.1. Characteristics of recycled leachate and leachate in
andfill reactors

After treated in anaerobic reactors, COD concentrations and
H values in recycled leachate were relatively steady during
aste stabilization (Fig. 2). There was no significant difference

n the COD concentrations and pH values in recycled leachate
or both two landfill reactors, except that a sharp increase in
he COD concentrations were observed in landfill reactor R2
etween days 28 and 35, due to a high OLR for the anaerobic
eactor (data not shown).

The leachate COD and VFA concentrations for landfill reac-
or R1 varied more gently than for landfill reactor R2 (Fig. 3).

ith the degradation of landfilled waste, leachate COD and VFA
oncentrations for landfill reactor R1 reached the maximum
alue of 28.5 and 8.3 g/l on day 14, when leachate pH dropped
rom 6.6 to 5.6. This demonstrated that waste stabilization pro-
ressed the acid formation phase, which was characterized by
he accumulation of acidic fermentation intermediates and a
ecrease in pH [7], for landfill reactor R1 on day 14. Simi-
ar trends were also observed in landfill reactor R2 on day 28,
hich was 14 days later compared with landfill reactor R1. This
uggested that interimment aeration might accelerate waste sta-
ilization. The leachate pH value of above 6.5 was achieved in
andfill reactor R1 on day 35, while it was attained in landfill
eactor R2 on day 49. Along with the increase in pH value, a
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ig. 2. COD concentrations and pH values in recycled leachate. COD (♦); pH
�).

ore gradual decrease in leachate COD and VFA concentrations
or landfill reactor R1 was indicative of more active conversion
f organics in leachate to carbon dioxide and methane by inter-
ittent aeration at the top of landfilled waste.
Leachate volume increased sharply with waste decomposi-
ion in the first 56 days, and then kept 2200 ml/d or so till the
nd of the experiment (Fig. 4). As compared with landfill reactor
2, there was more leahcate volume in landfill reactor R1 prior

ig. 3. Variation of COD, VFA concentrations and pH values in leachate during
aste decomposition. COD (�); VFA (♦); pH (�).
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ig. 4. Variation of leachate volume during waste decomposition. Landfill reac-
or R1 (�); Landfill reactor R2 (�).

o day 56. This showed that a rapid biodegradation occurred in
he landfill reactor R1 with interimmtent aeration system.

.2. Distribution of nitrifying bacteria and denitrifying
acteria in landfill reactors

MPN results for the nitrifying bacteria population in land-
ll reactors are shown in Fig. 5. Nitrifying bacteria were not
etected in the simulated MSW mixture. After landfilled, nitri-
ying bacteria were presented in landfilled waste layers. This
ight be attributed to the oxygen entrained in refuse at burial,
hich had allowed the growth of aerobic bacteria during the

arly stage of refuse decomposition [20]. With the depletion
f oxygen present initially (anaerobic condition prevailing in
efuse ecosystem), the growth of aerobic microorganisms would
e inhibited. As a result, a decrease in the nitrifying bacteria
opulation was observed on day 30, and thereafter it was a
ear depletion of the nitrifying bacteria for landfill bioreactor

2. The nitrifying bacteria population in landfill bioreactor R1
as high, and reached 106 cells/dry g waste on day 15, which

xceeded that in landfill bioreactor R2 by 3 orders of magni-
ude. However, after 30 days, the nitrifying bacteria population

ig. 5. Variation of nitrifying bacteria population during waste decomposition.
he points (MPN = 0) showed where no nitrifying bacteria were detected. After
0 days operation, there are not samples from top layers due to the landfilled
aste in top layers subsiding to middle layers. Top layer of R1 (�); middle layer
f R1 (�); bottom layer of R1 (�); top layer of R2 (♦); middle layer of R2 (�);
ottom layer of R2 (�).
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Fig. 6. Variation of denitrifying bacteria population during waste decomposi-
tion. After 30 days operation, there are not samples from top layers due to the
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andfilled waste in top layers subsiding to middle layers. Top layer of R1 (�);
iddle layer of R1 (�); bottom layer of R1 (�); top layer of R2 (♦); middle

ayer of R2 (�); bottom layer of R2 (�).

ecreased 2 orders of magnitude in the top layer, i.e. the middle
ayer, owing to the landfilled waste in the top layer subsiding
o the middle layer with waste decompostion. The reason for
his decrease was the inhibitory effect of the acid environment
nd high organic mass effluent from the landfilled waste. The
alf saturation constants for nitrification may alter with chang-
ng pH, with apparent values decreasing at lower pHs, because
hat the pH optimum for mono-oxygenase, which catalyses the
xidation of ammonia to nitrite, is 7 [21]. The recovery of the
itrifying bacteria population was observed on day 45, when
he pH increased from 5.9 to 7.2, and the COD and VFA con-
entration decreased from 13.7 g/l and 6.7 g/l to 4.34 g/l and
.27 g/l, respectively. Most notably, the nitrifying bacteria pop-
lation increased to108 cells/dry g waste in the maturation phase
f waste decomposition.

The denitrifying bacteria were presented in the simulated
SW mixture (Fig. 6). The denitrifying bacteria population for

andfill bioreactor R2 increased 2 and 1 orders of magnitude
fter waste landfilled. This was also observed in the conventional
andfilled waste layers [22]. Intermittent aeration at the top of
andfilled waste might stimulate the growth of denitrifying bac-
eria. As compared with landfill bioreactor R2, the denitrifying
acteria population in landfill reactor R1 increased by between
and 13 orders of magnitude in landfilled waste layers.
As seen from the MPN results in Figs. 5 and 6, the nitrify-

ng bacteria and denitrifying bacteria in landfill bioreactor R1
istributed mainly in the top or middle layers. A potential expla-
ation was that intermittent aeration boosted oxygen diffusion
n the landfilled waste. As compared with the bottom layer, there
as relatively much oxygen in the top layer, i.e. the middle layer,
ue to waste settlement after 30 days operation. Thus, there was
lso a high nitrate content in the top or middle layer, owing to
itrifying bacteria mustering mainly in these layers. Nitrate was
he main factor in well decomposed refuse served as an electron

onor for denitrification [23]. In addition, the landfill environ-
ent is a complex heterogenous system in which aerobic and

noxic conditions coexist in the top or middle layer, in despite
f intermittent aeration at the top of landfilled waste. So, a high

2
t
t
2

ig. 7. Variation of NH4
+–N, NO3

−–N and TN concentrations in leachate dur-
ng waste decomposition. NH4

+–N (�); TN (♦); NO3
−–N (�).

enitrifying bacteria population was also found in the top or
iddle layer where a supply of nitrite or nitrate (produced from

itrification) and anoxic conditions. This suggested that inter-
ittent aeration at the top of landfilled waste might establish an

erobic/anoxic/anaerobic condition in landfills, which resulted
n the function for nitrogen removal in landfill bioreactors. A
imilar result was found by Onay et al. [8] in a three-reactor
ystem by the air inlet at the bottom of the reactor to maintain
erobic conditions.

.3. Performance of nitrogen removal in bioreactor landfill
ystems

NH4
+–N, NO3

−–N and TN concentrations in leachate are
resented in Fig. 7. Although the nitrifying bacteria population
n landfill reactor R1 was high, leachate NO3

−–N concentration
as still low. In addition, the leachate NO3

−–N concentration for
andfill reactor R1 was less than that for landfill reactor R2 on day
, which may be attributed to the increase in denitrifying bacteria
opulation by intermittent aeration at the top of landfilled waste
Fig. 6). An increase in the leachate NO3

−–N concentration was
bserved in landfill reactor R1 between days 56 and 70. This was
onsistent with the increase in nitrifying bacteria population on
ay 60 (Fig. 5). The NO3

−–N data indicated that the landfilled
aste ecosystem had a capability to consume NO3

−–N.
Leachate NH4

+–N and TN concentrations had a similar value
n both two landfill reactors in the first 14 days. After 14 days
peration, the leachate NH4

+–N and TN concentrations for land-
ll reactor R2 increased dramatically to above 1000 mg/l on day

1, and remained the high NH4 –N concentration till the end of
he experiment. However, the leachate NH4

+–N and TN concen-
rations for landfill reactor R1 decreased a little between days
1 and 28, due to the increase in leachate volume (Fig. 4). As
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Fig. 8. Cumulative settlements for landfill reactors during waste decomposition.
Landfill reactor R1 (�); landfill reactor R2 (�).

Table 1
Physical and chemical properties of different landfill reactors

Time (days) Reactor Landfilled waste (kg)

Wet weight Dry weight VS

Initial (t = 0) 23.4 10.23 ± 1.23 5.91 ± 0.52
Final (t = 105) R1 13.8 6.89 ± 0.65* 3.21 ± 0.41*

R
r
l
r
u
a

4

o
c
i
l
g
A
t
d
k
a
s
o
i
i
w
elimiate the inhibitory effect of high organic matter in leachate
R. He, D.-s. Shen / Journal of Haza

ompared with landfill reactor R2, the leachate NH4
+–N and

N concentrations for landfill reactor R1 were lower during the
hole experiment. Especially from day 56, leachate NH4

+–N
nd TN concentrations for landfill reactor R1 dropped gradu-
lly, and reached 186 and 289 mg/l, respectively, at the end of
he experiment.

In order to examine the possibility of ammonia air stripping
n the experiment, the effluent gas from landfill reactor R1 was
bsorbed by 200 ml of 0.1 mol/l H2SO4 for 105 days. The anal-
sis showed that little NH4

+–N was presented in the absorbent
NH4

+–N was not detected in the analytical method, in which
he minimum NH4

+–N concentration is 0.02 mg/l). This might
e due to the pH of 8 or so in the waste bed (Figs. 2 and 3), which
ade little possibility to remove nitrogen from leachate by air

tripping, because that the pH optimum for ammonia air strip-
ing is between 10.8 and 11.3 [24]. Thus, the nitrogen removal in
andfill reactor R1 was mainly caused by biological conversion.
s many wastewater treatment facilities, such as rotating biolog-

cal contactors, oxidation ditchs and sequencing batch reactors,
he aerobic/anoxic/anaerobic landfill system also promoted the
mmonia removal from leachate in a similar manner, whereby
ir, moisture and nutrients are combined together by leachate
ecirculation and intermittent aeration at the top of landfilled
aste. Since the concentrations of these compounds are reduced,

he need for ex situ leachate treatment could also be reduced,
epending on applicable regulations.

Intermittent aeration at the top of landfilled waste not only
nhanced nitrification and denitrification in the landfilled waste
ed, but also stimulated the metabolic activity of aerobes,
hich brought a rapid degradation of waste into CO2 and
2O. With an anaerobic reactor using treated leachate recircula-

ion, the degradation of landfilled waste and organic pollutants
n leachate was a two-phase degradation process, where the
ydrolysis–acidification of organic waste occurred mainly in
he landfill reactor, and methanogenesis occurred chiefly in the
naerobic reactor. The gas production from the following anaer-
bic reactor accounted for nearly 88% of the overall gas volume
n the bioreactor landfill system with an anaerobic reactor using
reated leachate recirculation [25]. In the experimental bioreac-
or landfill system, methane produced from the landfiled waste

ight be oxidized to CO2 by methanotrophic bacteria in the top
nd middle layers, which need be further investigated to reduce
ethane emission because methane is one of the most important

reenhouse gases.

.4. MSW stabilization

The rate and magnitude of landfill settlement depends primar-
ly on the waste composition, operational practices and factors
ffecting biodegradation of landfill waste [26]. The cumulative
ettlement for landfill reactor R1 was more rapid than that for
andfill reactor R2 throughout the experimental period (Fig. 8).
he total settlement for landfill reactor R1 reached 34% of the

riginal thickness after 105 days operation, which exceeded that
or landfill reactor R2 by 12%. At the initial and final time,
he wet weight, dry weight and VS of landfilled waste demon-
trated a higher degree of MSW stabilization in landfill reactor

o
n
r
w

R2 15.1 7.89 ± 0.79 4.18 ± 0.61

* P < 0.05.

1 (Table 1). Dry weight and VS of landfilled waste for landfill
eactor R1 had a statistically significant decrease compared with
andfill reactor R2 (Table 1; P < 0.05). This suggested that more
apid and complete degradation of waste might be achieved (than
nder anaerobic conditions) by adding the proper proportions of
ir to the waste mass.

. Conclusion

The present study showed that intermittent aeration at the top
f landfilled waste might establish an aerobic/anoxic/anaerobic
ondition in landfills, which stimulated the growth of nitrify-
ng bacteria and denitrifying bacteria in the top and middle
ayers of waste. This provided the potential for in situ nitro-
en removal from recycled leachate in the landfill bioreactor.
fter 105 days operation, leachate NH4

+–N and TN concentra-
ions for the landfill reactor with intermittent aeration system
ropped to 186 and 289 mg/l, respectively, while they were still
ept above 1000 mg/l for the landfill reactor without intermittent
erobic system. And the biodegradable portion of waste could be
tabilized in a significantly shorter time frame than under anaer-
bic conditions. A higher degree of MSW stabilization and an
ncrease of 12% in the total waste settlement were achieved by
ntermittent aeration at the top of landfilled waste. In conclusion,
ith an anaerobic aerobic using treated leachate recirculation to
n nitrification, intermittent aeration at the top of landfilled waste
ot only might develop the landfilled waste as a bioreactor bed to
emove organic and ammonia from leachate, but also increased
aste decomposition, stabilization, and settlement.
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