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ABSTRACT

Performance of an anaerobic baffled reactor (ABR) used for landfill waste leachate treatment
was evaluated in this study. For this purpose, the effects of different values of hydraulic
retention time (HRT) and various concentrations of landfill leachate on the reactor perfor-
mance during 52 d were evaluated. In this research, the system exhibited, during entire
start-up period, a good performance in terms of removing chemical oxygen demand (COD),
nitrate, and total Kjeldahl nitrogen (TKN). The obtained results indicated reductions in
COD, TKN, nitrate, and total dissolved salts contents from 55 to 86%, from 42 to 92.4%,
from 41 to 96.6%, and from 20 to 64%, respectively. During the entire start-up period, the
value of oxidation–reduction potential was continuously monitored to ensure the remaining
under anaerobic conditions. Also, the value of pH ranged from 6.1 to 8.2 in the course of
reactor performance. Achieved at the COD concentration of 2,700 mg/l within a HRT of
48 h, maximum COD and nitrate removal performances were 86 and 96.6%, respectively.
Furthermore, realized at the COD concentration of 1,800 mg/l within a HRT of 48 h, the
maximum TKN removal performance was 92.4%.

Keywords: Anaerobic baffled reactor; Landfill leachate; Anaerobic digestion; Hydraulic
retention time; Alkalinity

1. Introduction

Over the past few decades, the growth of prosper-
ity and urbanization, technological advancements,
evolution of lifestyle, the increasing ubiquitous ten-
dency toward prodigality in the societies, and changes
in the productivity and consumption behaviors have
caused an increase in the amount of municipal and
industrial solid wastes [1], such that the municipal

solid production rate has been increased from 1.3 bil-
lion tons per day in 1994 to 1.7 billion tons per day in
2008 [2].

Today, landfilling, rather than other methods such
as incineration and composting, is the most popular
approach toward disposing municipal and industrial
wastes [3]. Preparing a basis for the waste to be
decomposed under controlled conditions, landfills are
associated with some economic advantages along with
lower environmental problems [4]. However, it has
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been identified as a potential source of ground and
surface waters’ contamination due to the generation of
leachate. Further, landfill leachate may percolate
through the soil causing the streams, creeks, and
water wells to be largely polluted. As penetrating into
the soil and passing through soil particles, landfill lea-
chate not only causes groundwater pollution, but it
can also lead to considerable soil contamination. [5].
Landfill leachate is some highly contaminated wastew-
ater resulting from the percolation of rainwater and
moisture through the wastes disposed in a landfill [6].
Generated in a landfill, leachate may contain large
amounts of organic matter as well as metal ions,
heavy metals, ammonia, ammonium nitrogen, chlori-
nated, and some other inorganic materials [7]. Landfill
leachates are characterized with their composition,
volumetric flow rates, and penetration of groundwater
through the landfill. The generated volume of landfill
leachate is much dependent on the climate. Other fac-
tors influencing landfill leachate generation and qual-
ity are the differences in waste disposal technology,
the landfill age (which reflects the level of stabilization
of the waste), and location. The leachate flow rate is
dependent on the rate of evaporation and precipitation
in landfill; the evaporation and precipitation rates
depend, in turn, on climate and geographic location of
the landfill [8,9]. Composition of landfill leachate var-
ies from site to site and depends on several factors
such as nature of waste, landfill age, particle size,
level of compaction, hydrology of the landfill, compo-
sition of the solid waste, and various biological, chem-
ical, and physical reactions occurring in a landfill [10–
12]. Young landfill leachates usually contain large
amount of volatile fatty acids (VFA) which are easily
decomposed. The biodegradation rate of young lea-
chates is high due to their ratio of biological oxygen
demand (BOD) to chemical oxygen demand (COD).
Older landfill leachates, however, contain lower VFA
but more biorefractory contaminants are formed in the
course of acetogenic and methanogenic phases’ degra-
dation; as a result, the rate of biological degradation
of landfill leachate is reduced [13,14].

Over the past few decades, increased pollution
from landfill leachate has motivated different coun-
tries to go for the treatment of landfill leachate [15].
Different physical, chemical, and biological methods
are used to treat landfill leachates. Today, due to their
simplicity, high cost-effectiveness, easier management,
and lower costs, biological treatment methods are
commonly used for the treatment of landfill leachates
containing a high ratio of BOD to COD.

There are two types of biological treatment meth-
ods, namely aerobic and anaerobic. In general, aerobic
treatment is suitable for low-strength wastewaters

(with biodegradable COD concentrations lower than
1,000 mg/L). Anaerobic treatment is, however, suit-
able when high-strength wastewaters (with biodegrad-
able COD concentrations higher than 4,000 mg/L) are
to be treated [16]. Anaerobic biological treatment
methods have some advantages such as higher load-
ing rates, lower sludge production, lower required
energy, and lower methane production [17]. When
landfill leachate treatment is concerned, anaerobic
methods are more desired due to the lower working
costs they offer coupled with the generation of usable
biogas product, removal of most pathogens, and lower
sludge production in these methods [18].

Today, the main objective of using anaerobic
approach is to ensure the degradation and decomposi-
tion of organic substances. Anaerobic processes are
performed by different types of bacteria. These bacte-
ria may increase the rate of chemical reactions under
anaerobic conditions. Anaerobic digestion follows four
important steps: acidogenesis, hydrolysis, acetogene-
sis, and methanogenesis. Hydrolysis is the rate-limit-
ing step in the process of degradation [19]. As
reported in the literature, the rate-limiting step in the
course of complex organic material degradation is the
hydrolysis step, where toxic substances or inappropri-
ate VFA are formed [20]. Micro-organisms’ growth
rate in an anaerobic process is very slow. Therefore,
one of the main objectives in terms of this process is
to fabricate the reactors for long-term preservation of
micro-organisms of suitable mix to obtain a high rate
of contact between the cells and their substrate [21].
As a result, choosing a suitable reactor is an important
factor in anaerobic conditions. Due to slow growth of
anaerobic bacteria, anaerobic reactors should provide
a long retention time for biomass. Anaerobic reactors
achieve a high reaction rate per unit reactor volume.
Also, the reactor provides longer biomass retention
times, solids retention time (SRT), in the reactor, inde-
pendent of the incoming wastewater’s hydraulic resi-
dence time (HRT) [22]. Compared to other high-rate
reactors already developed, such as anaerobic continu-
ous stirred tank reactor (CSTR), up-flow anaerobic
sludge blanket (UASB) reactor, anaerobic filter, and
hybrid bed filter, the anaerobic baffled reactor (ABR)
has many advantages such as simple design, lower
sludge production, high SRT, less HRT, and stability
against hydraulic shock loads [23]. Previous studies
have shown that the ABR has been suitable, at labora-
tory scale, for the anaerobic treatment [24]. ABR could
be operated as a two-phase digester due to its supe-
rior design, in terms of separating anaerobic bacteria
types in their growth conditions [25]. This protects
more sensitive bacteria from being exposed to toxic
materials, hence increasing their resistance to changes

A. Arvin et al. / Desalination and Water Treatment 57 (2016) 19596–19608 19597



in environmental parameters such as pH and levels of
VFA and heavy metals. For this reason, ABRs have
been used for the treatment of different wastewaters
[26,27]. The successful application of the anaerobic
process for the treatment of landfill leachate is depen-
dent on the type of high-rate anaerobic reactors used.
This study is focused on the performance evaluation
of a laboratory-scale ABR at different COD concentra-
tions and hydraulic retention times (HRT) to improve
the COD removal efficiency. Also evaluated was the
ability of the reactor to perform denitrification and
nitrate removal from landfill leachate in the course of
treatment process.

2. Methods

2.1. Bioreactor dosing

Constructed from Perspex, the used ABR was 10-cm
wide, 60-cm long, and 10-cm deep with an effective vol-
ume of 6 L. Fig. 1 shows the schematic structure of the
used ABR. This reactor was divided, by vertical baffles,
into seven chambers of same size, shape, and volume.
The anaerobic baffled reactor produced effective mixing
and contact between the landfill leachates and anaero-
bic sludge. Flowing from the down-comer to the up-
comer, the landfill leachate was passed through the
sludge bed at the bottom of the chambers. This pro-
vided a suitable mixing and contact between the land-
fill leachate and biomass within each chamber. The
width of the down-comer and up-comer was 2.5 and
5.5 cm, respectively. Each chamber was equipped with
sampling ports in the top of the reactor, where samples
were collected from each chamber for the analysis. The
landfill leachate was pumped into the ABR by a peri-
staltic pump. Then, the reactor was operated at 35˚C in
a temperature-controlled room.

2.2. Sludge seeding

The ABR was fed with anaerobically digested sew-
age sludge taken from an anaerobic digester at a
wastewater treatment plant in the Qaemshahr city,
Iran. Half of each chamber was filled with the anaero-
bic sludge with a total suspended solids (TSS) content

of 25,000 and 12,000 mg/l VSS. In the study, SRT was
52 d.

2.3. Landfill leachate characteristics

Landfill leachate used in this study was collected
from a municipal waste landfill located in Kiasar, Sari.
Average composition of landfill leachate used in this
study is shown in Table 1.

2.4. Reactor start-up and operation

The reactor was started with a HRT of 48 h at
35˚C. In this period, organic loading rate was set at
1.2 kg COD/m3 d [28]. Also, influent pH value was
between 7.6 and 7.8. Fig. 2 shows COD removal effi-
ciency at start up. The landfill leachate flow rate was
adjusted with a peristaltic pump. Constant effluent
COD concentration was considered as the indicator
for the steady-state conditions [29]. The ABR required
24 d to achieve a constant effluent COD. Once the
ABR reached its capacity, the continuous phase started
to flow. Then, the ABR performance evaluation was
carried out at different HRTs and different influent
COD concentrations after four steps. In each step, the
ABR was filled with a constant concentration of land-
fill leachate at various HRTs. The initial loading rate
was increased by increasing the leachate concentration
in four steps with HRT being varied at each step.
COD concentrations were 1,300, 1,800, 2,200, and
2,700 mg/l in steps 1, 2, 3, and 4, respectively.

2.5. Analytical methods

The experiments used in this study include COD,
total Kjeldahl nitrogen (TKN), suspended solids (SS),

Fig. 1. The ABR.
Notes: (1) feed tank, (2) peristaltic pump, (3) influent, (4)
sampling ports, and (5) effluent.

Table 1
Physicochemical characteristics of landfill leachate

Parameter Concentration

pH 8–8.3
Alkalinity (mg/L as CaCO3) 7,300–7,500
SS 2,500–2,700
BOD (mg/L) 910
COD (mg/L) 2,700
Total Kjeldahl nitrogen (mg/L) 3,300
Total phosphorus (mg/L) 2,300
NH3-N (mg/l) 450
NO3-N (mg/l) 640
TDS (ppm) 7,800
Conductivity (ms/m) 15.5
NH4-N (mg/l) 1,450
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pH, oxidation–reduction potential (ORP), alkalinity,
nitrate, conductivity, and volatile suspended solids
(VSS) tests. Once centrifuged at 9,000 rpm for 10 min
at 4˚C, extracted supernatants from the waste were
collected for COD analysis. In order to measure COD,

the sample was added to an aqualytic COD vario tube
test. Then, it was heated at 150˚C in the ET 108 COD
reactor for 2 h, after which they were analyzed in an
AL 250 COD Photometer. For each chamber, SS in the
effluent were measured by the standard method. Sam-
ples were filtered by glass fiber filters (Whatman filter
paper with a pore size of 0.45 lm) and dried at 105˚C
for 24 h. For each chamber, the values of pH in the
effluent were measured using a pH meter (model 744)
at room temperature. Sample conductivity, total dis-
solved salts (TDS), and ORP were measured at room
temperature using a HI 8733 conductivity meter. Fur-
thermore, sample alkalinity, nitrate content, and total
phosphorus (TP) content were analyzed according to
the standard methods (American public health associ-
ation standards, APHA) [30]. TKN was measured by
subjecting the samples to acid digestion and alkali dis-
tillation. The samples were collected and placed in
boric acid solution and titrated against 0.2 N sulfuric
acid until titration endpoint was determined by the
change in the indicator color.

3. Results and discussion

3.1. Effect of HRT and COD concentrations on COD
removal and nitrogen removal

The COD concentrations in influent and effluent
were evaluated in different operations. Fig. 3 shows
COD removal efficiency at different COD concentra-
tions at each HRT. According to Fig. 3, COD removal
was dependent on the organic loading rates and HRT.
According to the results, at each HRT, COD removal
increased as COD concentration increased from 1,300
to 1,800 mg/l, 1,800 to 2,200 mg/l, and 2,200 to
2,700 mg/l, indicating positive contribution of COD
concentration into COD removal efficiencies.
Significantly higher reaction rate was observed for

Fig. 2. COD removal efficiency in start-up.
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Fig. 4. Total nitrogen removal efficiency for different feed concentrations at each HRT.
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higher COD concentrations. This is because of high
mass transfer driving forces according to Monod
kinetics [31]. Therefore, the substrate removal rate is
improved. The results showed an increase in the COD
removal as HRT decreased from 96 to 48 h. An expla-
nation for this trend is that a decrease in the HRT is
associated with an increase in the amount of substrate
fed into the reactor [32]. On the other hand, COD
removal was seen to decrease when HRT decreased
from 48 to 24 h and from 24 to 12 h due to the occur-
rence of the shocked OLR [32].

The TKN and phosphorus content of the landfill
leachate were 3,300 and 2,300 mg/l, respectively. The
TKN and TP removal efficiencies were found to be
90/6 and 9%, respectively, for the COD concentration
of 2,700 mg/l at HRT of 48 h. The removal efficiency
of TKN was very high and phosphorous was very

low because bacteria need two groups of elements to
grow, namely microelements and macroelements, and
metabolic processes. Microelements are the elements
which are needed in small amounts for the bacterial
growth and metabolism, such as phosphorus, while
the macroelements are those that bacteria need in
large amounts, including nitrogen and carbon. For
this reason, the removal and consumption of phos-
phorus are frequently less compared with nitrogen
[33]. Fig. 4 shows TKN removal efficiency at different
COD concentrations at various HRTs. In all steps,
TKN removal efficiency increased when HRT
decreased from 96 to 48 h, as it would increase the
amount of substrate fed into the reactor. However,
TKN removal efficiency was seen to decrease when
HRT was decreased from 48 to 24 h and 24 to 12 h.
An explanation for this trend is the occurrence of the
shocked OLR.

Fig. 5. COD concentration in each chamber reactor for step
4.

Table 2
COD removal efficiencies of each chamber at each HRT for step 4

Influent COD concentration (mg/l) HRT C1 (%) C2 (%) C3 (%) C4 (%) C5 (%) C6 (%) C7 (%)

2,700 12 8.5 17.8 26.1 30 8.6 6.2 10
2,700 24 9.2 19.6 39 22.5 18.3 18.4 12.9
2,700 48 9.2 22.4 41 20 19.1 25 20
2,700 96 10.3 18.1 39.9 24.3 17.7 17.6 19.6

Table 3
Operating conditions of the four steps applied in the study

HRT (h) COD (mg/L) Temperature (˚C) pH Alkalinity (mg/L as)

Step 1 12, 24, 48, 96 1,300 35 7.28–7.44 6,990–7,130
Step 2 12, 24, 48, 96 1,800 35 7.54–7.65 6,660–6,830
Step 3 12, 24, 48, 96 2,200 35 7.87–8.03 7,250–7,590
Step 4 12, 24, 48, 96 2,700 35 8.05–8.23 6,210–6,420
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Fig. 6. Nitrate concentration for four steps at different
HRTs.
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3.2. Effect of reactor chambers on COD removal

The concentrations of COD at each chamber and
the COD removal efficiencies during different opera-
tions were evaluated. Fig. 5 shows the changes in the

percent of COD removal at each chamber for the COD
concentration of 2,700 mg/l at HRT of 48 h, where the
chambers are denoted by C1, C2, C3, C4, C5, C6, and
C7 (Table 2). In step 4, chamber 3 performed the high-
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est proportion of COD removal. At step 4, as HRT
decreases from 96 to 48 h, an increase is observed in
the COD removal by C3. However, as HRT decreased
from 48 to 24 h and 24 to 12 h, COD removal
decreased. Summarized in Table 3 are the COD

removal efficiencies of each chamber at each HRT for
step 4. Based on the results, C3 had the largest contri-
bution into COD removal. The landfill leachate is a
low-strength wastewater, so this result indicates that
less compartment number might be suitable for the
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ABR treating low-strength wastewater [34]. On the
other hand, phase separation occurs in the ABR
reactor, leading to the growth of hydrolyser and
acid-forming bacteria in the frontal rooms and other
bacteria in other rooms. Among the characteristics of

hydrolyser and acidogenic bacteria is their rapid
growth which led to a significant reduction in COD. It
seems that these bacteria are accumulated in the first
room and especially in the third room.
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3.3. Nitrate removal

In this study, nitrate concentration in the landfill
leachate was measured at about 450 mg/l. As shown
in Fig. 6, the nitrate removal efficiency was over 40%
for all steps and HRTs. In theory, the nitrite/nitrate
ration was to be reduced in the ABR via denitrification
process. Denitrification had some positive contribu-
tions into the reactor performance because of several
factors including: use of an oxidizable electron donor
in the form of the feed COD, increased system pH at
the reactor which improves the environmental condi-
tions, and a high hydrogen demand during nitrate
reduction to ammonium (improving conditions for
syntrophic bacteria) [35]. By reducing HRT from 96 to
48, 48 to 24 h, and 24 to 12 h, nitrate removal was seen
to decrease. An explanation for this trend can be the
slow progress of biological nitrogen removal. There-
fore, nitrate removal increased at high HRTs. It seems
that, by reducing the HRT, the bacteria responsible to
remove the nitrate will be reduced. According to the
reaction related to denitrification, bacteria required
COD to nitrate reduction. According to stoichiometry
denitrification, 1 kg of nitrate requires 0.645 kg of a
carbon source for denitrification to occur [36]. By
decreasing the COD consumption with a reduction in
the retention time, the required nitrate removal
amount reduced too. On the other hand, the reduction
of the nitrate removal can be due to the shock of ORL
increase due to the reduction in HRT.

3.4. Total alkalinity

Alkalinity level shows the performance of an
anaerobic process. Lower values of alkalinity in the
effluent indicate inappropriate performance of the
reactor. During the study, alkalinity levels were
observed to be decreased because of the shift of HRT
to the next lower HRT. Low effluent alkalinity was
associated with lower COD reduction efficiencies [37].
Fig. 7 shows the changes in alkalinity at any step
within the reactor chambers. Results showed an initial
reduction in the alkalinity level in reactor chambers
because of increased amounts of VFA. After a while,
however, the alkalinity increased as VFA were con-
sumed, producing carbonates and bicarbonates in
other chambers [32].

3.5. pH

Value of pH is an important parameter to evaluate
the performance of ABR. As pH value is related to the
amount of VFA and alkalinity, it can indicate whether
the ABR is performing well. Generally, at higher pH

values, the amount of VFA collected in the first cham-
ber of the ABR decreased. Fig. 8 shows pH changes in
each chamber at each step. In this study, the pH was
seen to decrease in chambers 1, 2, and 3 because of
the production of VFA. In the front chambers, pH
decreased due to the accumulation of VFA. An
increase in the pH was observed in the next chambers
as the concentration of VFA decreased with increase
in alkalinity. It was observed that, in the constant
COD concentration, as HRT decreased, the pH in the
first three chambers rapidly reduced; other chambers
were, however, less affected. Actually, the hydrolysis,
acidogenesis, and acetogenesis were seen to occur in
the first three chambers. Effluent pH was decreased
by decreasing the HRT from 96 to 48 h, 48 to 24 h,
and 24 to 12 h. That was because the micro-organisms
were hungry at 96 h HRT and the resulting pH in the
effluent decreased when they acquired a greater
amount of substrate by shortening the HRT from 96 to
48 h, 48 to 24 h, and 24 to 12 h. Results related to the
progress of acidogenesis step indicated an accumula-
tion of VFA concentrations as a result of a decline in
pH and alkalinity values.

3.6. Suspended solids removal

Fig. 9 shows the variation in SS for each chamber
at various feed concentrations and HRTs. The results
showed that increasing the COD concentration
reduced the effluent SS because of higher COD
removal as well as lower sludge production. The influ-
ent SS concentration ranged from 2,500 to 2,700 mg/l
in step 4. In the COD concentration of 2,730 mg/l, SS

Table 4
Changes of ORP (mv) in the reactor for all steps

Step C1 C2 C3 C4 C5 C6 C7 HRT

1 −150 −178 −196 −201 −232 −253 −254 12
2 −154 −176 −198 −209 −253 −267 −269 12
3 −159 −188 −200 −223 −246 −278 −285 12
4 −174 −197 −234 −265 −288 −303 −306 12
1 −220 −264 −274 −297 −310 −321 −327 24
2 −231 −252 −268 −287 −297 −320 −327 24
3 −251 −287 −299 −334 −356 −377 −382 24
4 −250 −289 −294 −330 −347 −386 −390 24
1 −310 −328 −352 −367 −369 −389 −393 48
2 −330 −336 −354 −367 −387 −401 −403 48
3 −326 −336 −344 −364 −378 −396 −399 48
4 −331 −345 −363 −378 −389 −400 −402 48
1 −351 −366 −378 −389 −401 −409 −416 96
2 −366 −376 −380 −400 −405 −413 −419 96
3 −365 −377 −387 −395 −406 −400 −403 96
4 −389 −399 −406 −411 −422 −426 −433 96
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were reduced by about 79% at 96 h HRT, 77% at 48 h
HRT, 73% at 24 h HRT, and 50% at 12 h HRT. Further,
the SS concentrations in the landfill leachate effluent

were observed to be unaffected by the changes in SS
concentrations in the influent landfill leachate in a par-
ticular HRT.
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Fig. 10. The variation in TDS for various feed concentrations in each chamber at different HRTs.
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3.7. Oxidation–reduction potential

ORP is an effective parameter on the performance
of anaerobic digesters and microbial populations. It is
a useful indicator for checking a biological treatment

process and sees whether the system works in aerobic
or anaerobic conditions. Denitrification predominated
with the ORP in the range of −50 to −150 mV, while
the sulfate-reducing bacteria and bacteria responsible
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Fig. 11. The variation in conductivity in each chamber at any step.
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for denitrification are active with ORP less than
−150 mV. In this research, ORP was controlled in
order to ensure from the presence of anaerobic condi-
tions. So, the ORP values of the two rooms were close
to the denitrification amount and were in the range in
which both of the sulfate-reducing bacteria and bacte-
ria responsible for denitrification are active [38,39].
The results showed that changing this parameter dur-
ing this study affected the COD removal in each
chamber of the reactor. According to the results
earned in four steps, ORP reduced during the reac-
tion. The average range of ORP was found to be 150–
433 (−mv), further confirming the anaerobic condition
in ABR. Table 4 shows the changes of ORP in the reac-
tor for all steps.

3.8. TDS and conductivity

TDS indicates total dissolved solids including all
inorganic and organic substances. Generally, the
amount of TDS for landfill leachate is high. In this
study, TDS removal capacity of the system was mea-
sured to be between 20 and 64%. TDS indicate the
total dissolved solids such as mineral elements and
ions which will be consumed by the bacteria, during
the reaction when the wastewater is being passed
through the reactor. The result indicates that TDS
removal capacity of the system improved with
increase in the concentration of COD. It seems that
TDS decreased because of high mass transfer driving
forces according to Monod kinetics. On the other
hand, TDS removal was seen to decrease when HRT
decreased from 96 to 48 h, from 48 to 24 h, and from
24 to 12 due to the occurrence of the shocked OLR.
The performance of ABR was better than the perfor-
mance of MABR,S Zwain et al. in which the TDS
removal capacity of their system was 50% [34]. Fig. 10
shows the variation in TDS for any step at different
HRTs in each chamber. Effluent TDS increased when
HRT decreased from 96 to 48 h, 48 to 24 h, and 24 to
12 h. Effluent TDS decreased when COD concentration
increased. Fig. 11 shows the variation in the conduc-
tivity for any step at different HRTs in each chamber.
The results showed a decrease in the conductivity as
TDS decreased.

4. Conclusions

The purpose of this study was to evaluate the per-
formance of an ABR for landfill leachate treatment.
The following conclusions can be drawn according to
the obtained results from the experiments:

(1) Considering a HRT of 48 h, ABR could achieve
a great COD removal efficiency for landfill lea-
chate at 35˚C.

(2) The results showed that ABR was highly cap-
able of reducing total nitrogen and nitrate con-
tents, so that the reactor could remove over
40% of the total nitrogen and nitrate contents
in all experiments.

(3) The reactor had a high capacity to withstand
high organic shock loads.

Microbial population in the reactor could tolerate
high levels of ammonia.

References

[1] A. Bachmann, V.L. Beard, P.L. McCarty, Performance
characteristics of the anaerobic baffled reactor, Water
Res. 19 (1985) 99–106.

[2] S. Uyanik, P.J. Sallis, G.K. Anderson, The effect of
polymer addition on granulation in an anaerobic baf-
fled reactor (ABR). Part I: Process performance, Water
Res. 36 (2002) 933–943.

[3] J. Zhang, Y. Wei, W. Xiao, Z. Zhou, X. Yan, Perfor-
mance and spatial community succession of an anaer-
obic baffled reactor treating acetone–butanol–ethanol
fermentation wastewater, Bioresour. Technol. 102
(2011) 7407–7414.

[4] A. Bayrakdar, E. Sahinkaya, M. Gungor, S. Uyanik,
Performance of sulfidogenic anaerobic baffled reactor
(ABR) treating acidic and zinc-containing wastewater,
Bioresour. Technol. 100 (2009) 4354–4360.

[5] M. Henze, P. Harremoës, Anaerobic treatment of
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