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Treatment of landfi ll leachate in a bench scale MBR
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A B S T R AC T

In the present work, a bench-scale MBR plant treating landfi ll leachate was operated for a period 
of 6 months. The volume of the activated sludge tank was approx. 50 L and it was coupled with 
a polyethersulphone (PES) tubular membrane with pore size in the ultrafi ltration range. The 
monitoring of the pilot plant was aimed at biological parameters (removal of nitrogen, COD 
and BOD) and fi ltration properties of the membrane (permeabilities in relation to cross-fl ow 
velocity, trans-membrane pressure and sludge concentration). Because of the high content of 
xenoestrogenic substances in the landfi ll leachates, the concentration of bisphenol A (BPA) was 
followed in infl uent, mixed liquor and permeate.

Regarding the results on carbon removal, overall COD removal was less than 30% in most 
cases, while BOD removal was 91%. Nitrifi cation effi ciency was 90–99% (decrease of ammonia 
 nitrogen from 1200 mg/L to 10–150 mg/L), denitrifi cation was only possible after addition of 
external substrate (methanol). 

Removal of BPA was highly effi cient – from an initial concentration in the infl uent of 2100 µg/L 
to less than 1 µg/L in the effl uent.

The membrane permeabilities varied from 3.5 to 40 L/(m²/h/bar) (LMH/bar) depending on the 
operational conditions (cross-fl ow velocity, trans-membrane pressure and biomass concentration). 
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1. Introduction

Landfi ll leachate is produced in the landfi ll body as 
a result of percolation of rainwater through the waste 
deposited, or originating from the waste itself. It is a 
complex wastewater highly loaded with organic mat-
ter, nitrogen, suspended solids and heavy metals. The 
organic load (mainly fatty acids and humic substances) 
is usually between 500–20 000 mg/L COD [1, 2]. 

Because of the complexity of the pollutants present 
in landfi ll leachates, it is advantageous to  combine more 

then one treatment procedure to reach the desired effl u-
ent quality. Often a concept of activated sludge process 
followed by one of the physical methods is used (e.g. 
nanofi ltration, chemical oxidation,  adsorption) [2]. 

Besides naturally occurring compounds,  numerous 
chemicals of anthropogenic origin (xenobiotic com-
pounds) have been detected in landfi ll leachates. Many 
of them constitute a potential risk to the environment 
because of their toxicity, biological activity or  persistence. 
Xenobiotic compounds with endocrine disruptive prop-
erties (EDCs), such as bisphenol A (BPA) or  nonylphenol 
are frequently found in landfi ll leachates in high 
 concentration. (up to 17 mg/L of BPA) [4].*Corresponding author.
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Bisphenol A is a compound widely used in the 
 production of polymers, as development agent in a ther-
mal paper or as anti-oxidant. Besides its estrogenic effect 
it is also toxic to water organisms. Contamination with 
BPA was found in water bodies, fi sh and sediments. The 
most important sources of this pollutant are wastewa-
ter effl uents and landfi ll leachates.  Concentrations up to 
17 mg/L of BPA were found in landfi ll leachate [4].

It has been reported that the activated sludge 
 process can successfully degrade EDCs including BPA. 
Removal effi ciencies were found between 70–99.9%. 
The elimination is attributed to processes of adsorption 
and biological degradation since volatilization is negli-
gible due to the low vapour pressure of BPA [6, 7].

The main aim of this project was to optimize the 
 performance of a laboratory-scale MBR plant for land-
fi ll leachate treatment with respect to nitrogen and COD 
removal. The membrane performance was characterized 

by measurement of its permeability at different operational 
conditions. Since landfi ll leachates represent an important 
source of xenobiotic compounds, measurement of the 
elimination of bisphenol A was included in the project.

2. Materials and methods

2.1. Pilot plant

The scheme of the pilot plant is shown in Fig. 1 with 
the design parameters listed in Table 1. It consisted of an 
activated sludge tank (total volume 50 L) with three com-
partments in series (14–22 L each) which could be operated 
either as anoxic (denitrifi cation) or aerated (nitrifi cation). 
The biological part is followed by a  membrane module, 
which was formed by a tubular ultrafi ltration membrane 
made of polyethersulphone (PES). The cross-fl ow was 
induced by a screw pump with frequency regulation. 

Inflow

Q = 0.1−2 l/h

Pressurized air

Q = 20−100 l/h

Membrane unit

Internal
recirculation

Q = 4−20 l/h

ext. substrate

Retentate
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Q = 20−100 l/h

Heat 
exchanger

Bypass
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valves

Cross flow 

Q = 1200−3300 l/h

Fig. 1. Flow scheme of the pilot plant.

Table 1
Technological parameters of the MBR pilot plant.

Biological part Membrane unit

Infl uent fl ow 0.3–2.0 L/h Manufacturer Microdyn Nadir
Volume of the tanks 22, 17 and 14 L Membrane material PES
Sludge concentration 10–15 g/L MWCO 70 kDa
Hydraulic retention time 70–170 h Membrane area 0.1 m2

Solids retention time 100 days Cross fl ow velocity 0.6–1.9 m/s
Internal recirculation 1–5 L/h TMP 2–4 bar
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Electronic sensors were used for measurement of trans-
membrane pressure (TMP), cross fl ow and return fl ow of 
retentate into activated sludge tank, permeate fl ow was 
measured by means of rotameter.

2.2. Landfi ll leachate

The landfi ll leachate serving as infl uent into the pilot 
plant was collected at the landfi ll in Alsdorf-Warden (Ger-
many), its chemical composition can be seen in Table 2.

2.3. Chemical analyses

Samples of infl uent, permeate and activated sludge 
were withdrawn regularly and subjected to following 
analyses:

COD, Nitrogen, Phosphorus – using cuvette tests LCK 
from Hach—Lange measured in the photometer LASA 
100 from the same company,
BOD5 – using dilution and seeding method,
BPA – before the measurement the samples were con-
centrated using the SPE method and subsequently 
analyzed by linear ion trap LC-MS/MS Thermo LXQ. 
The column used was Hypersil Gold 5µ, mobile phase 
water + methanol. Ionization was conducted by APCI 
(−), deuterated BPA-d16 served as internal standard. 

3. Results

3.1. Relation between membrane permeability and 
operational parameters

Based on the data obtained at different operational 
conditions, measured permeabilities were plotted  versus 

•

•
•

TPM, cross-fl ow velocity and concentration of biomass 
(suspended solids). The evaluation procedure is illus-
trated in Fig. 2: In the chart of permeabilities were found 
stable regions characterized by stable fouling rate (follow-
ing regions of rapid decrease immediately after cleaning) 
and constant operational parameters. Trend lines of per-
meabilities in these regions were calculated, characterized 
by slope (fouling rate) and intercept  (stable permeability). 

Results are summarized in Table 3. The most evi-
dent trend is the dependency of fouling rate on the cross 
fl ow velocity. While at 1.7–1.8 m/s the fouling rate is 
usually below 0.4 LMH/bar/d, lower velocity lead to 
fouling rate above 1 LMH/bar/d. The role of biomass 
concentration does not seem to have signifi cant infl u-
ence on the fi ltration performance; this effect was also 
reported from other case studies [8]. On the other hand, 
 trans-membrane pressure affects the level of the stable 
 fi ltration plateau – 41 LMH/bar at 0.5 bar compared to 
3–17 LMH/bar at pressures around 1 bar.

3.2. Nitrogen removal 

Results on nitrogen removal are depicted in Fig. 3 
and Fig. 4. The layout of aerated and anoxic tanks was 
changed several times to study its infl uence on nitro-
gen removal. In some periods, methanol was dosed into 
the anoxic tank to support the denitrifi cation. The time 
schedule of the layout changes can be seen from Fig. 4.

Removal of ammonia (Fig. 3) was evaluated from the 
difference between infl uent and effl uent concentration 
of ammonia nitrogen. It was working with approx. 90% 
effi ciency before 15.2. (exchange of a part of the mixed 
liquor) and with over 99% effi ciency after this date. 
However, a strong increase in concentration of nitrites in 
the effl uent can be seen since the beginning of operation. 
A possible cause of this was the problem with aeration of 
the tank due to foaming problems. Although the use of 
antifoaming agent after 30.1. helped to increase dissolved 
oxygen (DO) concentration above 1 mg/L, the exces-
sive concentration of nitrites was not suppressed, pos-
sibly because of the substrate inhibitory effect to nitrite 
 oxidizing bacteria [9–11]. Thus, it was decided to solve 
the situation by replacement of 50% of mixed liquor by 
fresh activated sludge from the LLTP Alsdorf Warden 
diluted with tap water. This helped to decrease the con-
centration of nitrite nitrogen, but its  concentration still 
remained over 200 mg/L in most cases. On the other 

Table 2
Composition of infl uent water.

Parameter N−NH4
+ N−NO2

− N−NO3
− Norg PT COD BOD pH BPA

mg/L 1200 0.25 8.5 50 15 2200 100 8.5 2.1

Fig. 2. Evaluation of regions with stable fouling.
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hand,  production of excessive amounts of nitrites can 
also originate from denitrifi cation, where they act as 
intermediate as well. Their release was reported in 
 processes with shortage of organic matter [10–12] which 
was true in the beginning of the experiment – before 
dosing of methanol. Therefore it cannot be concluded, 
whether the excessive nitrites come from nitrifi cation 
or denitrifi cation. The graph in Fig. 4 illustrates the 
removal of nitrate nitrogen by denitrifi cation. Its func-
tion can be evaluated from the difference between total 
nitrogen in the infl uent and effl uent from the biological 
tank, since nitrogen can be only removed by conversion 
of NO3

− (or NO2
−) to nitrogen gas (neglecting the assimi-

lation in new biomass). In the initial period the effl uent 
concentration of nitrogen increased until it reached the 
infl uent level. Despite the presence of anoxic regions in 
the activated sludge tank, no signifi cant denitrifi cation 
activity was expected, since no external substrate was 

added. The dosing of methanol to the denitrifi cation 
tank was started on 7th February, nevertheless it did not 
lead to any removal of nitrogen, probably because of the 
inhibitory effect of nitrites. After the exchange of a part 
of the activated sludge an immediate drop of the concen-
tration of nitrogen was observed to approx. 30% of the 
initial concentration and remaining relatively stable till 
the end of the measurement. Slightly lower effi ciency of 
nitrogen removal was reached in the post-denitrifi cation 
layout (13th March to 4th April), presumably because 
the organic matter in the landfi ll leachate was no more 
available for denitrifaction. 

The dose of external carbon was set to COD: 
Ninfl uent ratio = 3. The removal of 50–75% of nitrogen 
is thus in  compliance with experience from other sites 
 (consumption in anoxic reactors is reported between 
COD:N = 4–6) [12].

Table 3
Permeability versus TMP, cross fl ow and suspended solids.

TMP [bar] Cross fl ow
 [m/s]

Suspended 
solids [g/L]

Fouling rate
[LMH/bar/d]

Stable permeability
[LMH/bar]

0.5 1.5 10.3 2.13 41.20

0.9

1.7  8.4 0.24 12.17
10.7 0.23  4.69

1.8
 7.1 0.35 10.57
 8.9 0.33 12.41
10.7 0.08  3.67

1.0

1.2  7.2 1.99  7.14

1.8
10.4 0.09  3.42
12.6 0.73  7.47
13.8 0.13  3.67

1.15
0.8  8.4 0.99  4.26
1.3 10.2 2.41 16.62
1.80  9.6 0.21  2.85
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Fig. 3. Nitrifi cation. Fig. 4. Denitrifi cation. Different layouts of activated sludge 
tank are indicated.
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3.3. COD

Results on COD removal are shown in Fig. 5. Dete-
rioration prior to the sludge exchange was likely con-
nected with a high concentration of nitrites in mixed 
liquor resulting in inhibition of heterotrophic micro-
organisms (discussed above). The exchange of the 
biomass led to an improvement of COD degradation, 
reaching 30–40% in the D-N-N layout and 20–30% in the 
N-N-D layout. Higher effl uent concentration of COD in 
the post-denitrifi cation period was probably caused by 
the presence of residues of external substrate, since the 
mixed liquor from the last compartment is led to the 
fi ltration unit. 

Biological oxygen demand (BOD5) of the infl uent 
and effl uent samples was measured approximately once 

every month. The results proved very poor degradability 
of the landfi ll leachate (BOD5:COD ratio <0.05). Average 
concentrations were 73 and 6.3 mg/L in infl uent and 
effl uent respectively, meaning 91% removal effi ciency. 
The effl uent values are comparable to other activated 
sludge applications; relatively poor removal effi ciency 
was thus caused rather by low BOD in the infl uent.

3.4. Removal of bisphenol A

The concentration of bisphenol A (BPA) was 
 measured in samples of infl uent wastewater, perme-
ate and the liquid phase of the mixed liquor once a 
week (results in Table 4). The average concentration in 
the infl uent was 2100 µg/L, the effl uent value were in 
most cases below the detection limit (0.1 µg/L) and the 
elimination effi ciency above 99.99%. Concentration in 
the liquid phase of activated sludge is usually higher 
than those in permeate, although the cut-off level of the 
membrane (70 kDa) and molecular mass of BPA (219 Da) 
are incomparable. However, it is necessary to take into 
consideration that the pore size of the standard fi lter for 
suspended solid separation (0.45 µm) is greater than 
that of the  membrane installed in the pilot plant. Thus, 
BPA associated with part of the colloidal material was 
 measured in the fi ltrate from mixed liquor.

Regarding the processes involved in BPA 
 elimination, sorption on activated sludge and biologi-
cal degradation have to be considered in this case. The 
share of BPA removed with excess sludge was cal-
culated using data from the literature. Its share was 
calculated to be less than 1% depending of sludge 
withdrawal and concentration of BPA in the bulk liq-
uid [5, 7, 13].

Fig. 5. COD removal during the 4th phase.

exchange of activated sludge
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Table 4
Concentration of BPA in infl uent, fi ltrate of mixed liquor and removal effi ciency.

Date Infl uent µg/L

 

Liquid phase of activated 
sludge µg/L

Permeate

µg/L % removal

14.11.2007 2100 70 70 96.67
11.1.2008 2100 1.9 1,9 99.91
15.1.2008 1735 3.5 1.7 99.90
22.1.2008 2010 0.4 <0.1 >99.99
28.1.2008 2720 2 <0.1 >99.99
5.2.2008 2155 9 4.5 99.79
12.2.2008 2200 0.6 <0.1 >99.99
19.2.2008 2040 0.6 <0.1 >99.99
26.2.2008 2240 3.5 <0.1 >99.99
18.3.2008 2135 <0.1 <0.1 >99.99
25.3.2008 2052 <0.1 <0.1 >99.99
1.4.2008 2175 0.8 0.4 99.98
8.4.2008 2140 <0.1 <0.1 >99.99
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The remaining >99% was removed biologically. 
Kinetics of biological degradation of BPA is assumed to 
follow the fi rst order reaction equation: 

dC
dt

kC= −

where k is the fi rst order reaction constant [/h]. After 
the correction on the amount of BPA sorbed on acti-
vated sludge, the values were between k = 0.17–2.5/
h.(values related to sludge concentration k = 0.022–0.25 
L/g/ h) These results are comparable to those obtained 
by Urase et al. [13] (k = 0.01–0.08 L /g/h with non-accli-
mated sludge) and Zhao et al. [5] (k = 0.4 L/g/h, sludge 
acclimated to BPA). 

4. Conclusions

After the stabilisation of biological processes nitrifi -
cation effi ciency was 90–99% (elimination of ammonia 
nitrogen from 1200 mg/L to 10–150 mg/L), denitrifi -
cation was only possible after addition external sub-
strate (methanol), with the effi ciency around 50%. 
High release of nitrites was observed in most phases, 
resulting in comparable concentrations of N−NO2

− and 
N−NO3

− in the effl uent. It was not proven where nitri-
fi cation or denitrifi cation process is responsible for for-
mation of nitrites. Because of the low biodegradability 
of the landfi ll leachate (BOD:COD 0.05), overall COD 
removal was less than 30% in most cases, while BOD 
removal was 91%.

Removal of BPA was highly effi cient – from initial 
concentration in the infl uent of 2000 µg/L to less than 
1 µg/L in the effl uent. Corresponding rate constants were 
calculated between k = 0.022–0.25 L/g/h. 

The membrane permeabilities varied from 3.5 to 
40 LMH/bar depending on the operational conditions 
(cross-fl ow velocity, trans-membrane pressure and 

 biomass concentration). From these parameters, cross 
fl ow velocity had decisive effect on fouling rate.
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