
Nitrogen and phosphorus removal in an anaerobic (UASB)-aerobic (ABF)
sewage treatment system

Dong-Jie Tian, Hyun-Sook Lim, Jin Chung, Hang-Bae Jun*

Department of Environmental Engineering, Chungbuk National University, Naesudongro 52, Cheongju, Korea,
Tel. +82 0432612470; emails: dongjie1203@cbnu.ac.kr (D.-J. Tian), envy741122@hanmail.net (H.-S. Lim), chung_jin@hotmail.com
(J. Chung), jhbcbe@cbnu.ac.kr (H.-B. Jun)

Received 16 July 2013; Accepted 26 November 2014

ABSTRACT

Anaerobic sewage treatment process using upflow anaerobic sludge blanket (UASB)
coupled with aerated biofilter (ABF) was tested for the removal of nitrogen and phosphorus
by recycling the final effluent and by adding alum to the influent. TCOD Removal efficiency
was about 60% in UASB without recycling of the ABF effluent, while it increased to 90% at
recycling ratio of 3. Complete denitrification had occurred in the UASB, and removal
efficiencies of both total nitrogen (TN) and NHþ

4 -N were also improved to 74 and 96%,
respectively, by recycling the nitrified ABF effluent. Total phosphorus (TP) removal was not
improved by recycling of the ABF effluent. TP and soluble phosphorus were effectively
removed in UASB by adding alum to the influent. 90% removal of TP was possible with
alum dose at Al/P mole ratio of 2.6. In the final effluent, concentrations of TCOD, TN, and
TP were below 14.0, 7.0, and 0.27 mg/L, respectively, in the UASB-ABF sewage treatment
system at recycling ratio of 3 with alum.
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1. Introduction

A large number of anaerobic digesters have been
built and operated for high-strength wastewater treat-
ment. Among the anaerobic digesters, high-rate digest-
ers are considered for low-strength sewage treatment.
Unlike the conventional low-rate anaerobic digesters
such as anaerobic ponds and septic tanks, high-rate
anaerobic reactors are designed to operate at short
hydraulic retention times (HRT) and long solids reten-
tion times to incorporate large amount of high active

biomass [1]. Sequential anaerobic–aerobic processes
has been suggested for alternative domestic wastewa-
ter treatment that exploited many advantages com-
pared to conventional aerobic technologies, such as
less energy consumption, less excess sludge produc-
tion, less carbon dioxide generation, and less complex
in operation [1–3].

Higher contribution of the up-flow anaerobic
sludge blanket (UASB) reactor to the TCOD removal in
an anaerobic–aerobic system can reduce aeration
energy and sludge production in a subsequent aerobic
process. An et al. [4] achieved 98% TOC removal and
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48.1–82.8% total nitrogen (TN) removal with 50–800%
recycling ratios in the combination of the UASB reactor
and an aerobic membrane filtration. Pontes et al. [5]
demonstrated that over 93% contribution of the UASB
reactor was possible by recycling the trickling filter
sludge with about 1% recycling ratio of the influent.
Jun et al. [6] could have 95% contribution of the UASB
reactor by recycling the aerated filter (AF) effluent with
100% recycling ratio. They stated that recycling of the
nitrified effluent of AF might enrich the heterotrophic
micro-organisms (denitrifiers) who improved biofloc-
culation of the particulate COD in the UASB reactor.
They also reported TN removal efficiency was about
70% in the UASB-ABF system that showed similar effi-
ciency as other biological nutrient removal processes.

Even though UASB reactors are the most robust
high-rate anaerobic reactors for sewage treatment and
there have been more than 1,000 UASB reactors
installed worldwide [7,8], their low-removal capacity
of nitrogen and phosphate still remains detrimental
disadvantages [8,9] for the stringent local effluent
standards. This has triggered many researches on
post-treatment options of UASB for N and P removals
[9–12]. Li et al. [13] applied ferrous sulfate into prean-
oxic reactor prior to biological aerated filter with posi-
tive result. The objectives of this paper are to remove
nitrogen and phosphorus in the UASB-ABF sewage
treatment system by applying anaerobic denitrification
as well as chemical precipitation.

2. Materials and methods

2.1. Experimental set-up

Fig. 1 shows the schematic diagram of the labora-
tory scale UASB-ABF system consisted of an UASB

and an aerated biofilter (ABF). UASB was gently
agitated by the paddle installed at bottom of the reac-
tor to prevent sludge rising and channeling effects
due to gas production. ABF was packed with half inch
pal rings to inoculate high concentration of nitrifica-
tion micro-organisms. Coagulant (poly aluminum
chloride, PAC) was optionally applied to the influent
and agitated for phosphorus removal in the mixing
tank in front of the UASB reactor. The UASB was
seeded with settled activated sludge from the local
sewage treatment plants.

2.2. Operating conditions

Table 1 shows the detail specifications and operat-
ing conditions of UASB and ABF. Hydraulic residence
times of UASB and ABF are 25 and 2.4 h, respectively,
on the basis of incoming flow rate. Three different
recycling ratios (1, 2, and 3) were applied for verifying
the effectiveness of the recycling on the removal of
organic matters and nitrate in UASB. Phosphorus
removal was achieved by adding coagulant in UASB.
Al/P molar ratio of 2.6 was adopted from the previ-
ous results [6]. DO was kept above 5.0 mg/L in ABF,
and operating temperature was kept around 20 ± 3˚C.

Table 2 shows the characteristics of the raw sewage
used in this study. Total CODCr of influent sewage
was about 263 mg/L, and soluble CODCr was as low
as 67 mg/L. TN and ammonia nitrogen were 35 and
23 mg/L, respectively, so the resultant TCOD/TN
ratio was about 7.5.

3. Results and discussion

3.1. COD removal

Fig. 2 shows the TCOD removal trends at each stage
of the reactor system at different recycling ratio of the
ABF effluent. The reactor system was started at recy-
cling ratio of 1 for 25 d, and it increased to 2, and 3.
Alum was added after 70 d operation, at recycling ratio

Fig. 1. Schematic diagram of lab-scale UASB-ABF system.

Table 1
Specifications and operating conditions of UASB and ABF

Parameters UASB ABF

Flow rate (mL/min) 6.5 6.5
Volume (L) 9.8 0.9
HRT (h) 25.0 2.4
Recycling ratios (%) 100, 200, 300
DO (mg/L) <0.2 >5.0
Temperature (˚C) 20 ± 3
Coagulant (Al/P mole ratio) 2.6
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of 3 for 210 d. After 280 d operation, the reactor system
was operated without recycling and without addition
of alum. The final operation mode was simulated for
anaerobic sewage treatment in UASB coupled with
ABF. With recycling of the ABF effluent to the front of
UASB, above 90% of TCOD was removed in UASB,
and it was kept about 30 mg/L at recycling ratio of 3.
At first 25 d start-up period with 100% recycling of the
ABF effluent, 80% of TCOD was removed, while 15%
of SCOD was removed in UASB (Fig. 2). At this stage,
the reactor system was not fully developed with
adequate micro-organisms. High TCOD in the final
effluent of 72 mg/L approved the adaptation process
of progressively reaching at steady state on the operat-
ing conditions. Low SCOD removal also indicated that
anaerobic and/or anoxic microbial activity was low in

the UASB. Nitrate input via recycling of the ABF
effluent was not enough to oxidize organic matter due
to low nitrification efficiency at the first stage in ABF as
shown in Fig. 3.

Nitrification efficiency increased after 25 d opera-
tion and it fully developed after 50 d operation at
recycling ratio of 3 (Fig. 4). COD removal accompany-
ing nitrate reduction could yield some biomass that
might be another solid load to UASB. Under the
assumption of anoxic yield as 0.32, about 30 g/m3 of
dry-based biomass could be generated. On the other
hand, removal of organic carbon in the UASB might
reduce the organic load on the subsequent aerobic
filter, which resulted to increase nitrification rate by
eliminating competition for DO between nitrifying
micro-organisms and the typical heterotrophic
micro-organisms.

Removal of particulate COD in UASB decreased at
final stage without recycling of ABF effluent. Removal
efficiency of TCOD in UASB was about 60% at final
stage without recycling. The low removal efficiency of
TCOD might be the result of decrease in heterotrophic
activity in UASB. Since UASB was operated in strictly
anaerobic condition at the final stage, 42% removal of
SCOD was contributed by the anaerobic digestion.

TCOD applied to the UASB might be oxidized by
both nitrate and DO in recycled effluent, which
resulted higher TCOD removal and reduced the fluc-
tuation of TCOD in the UASB effluent as shown in
Table 3. Finally, UASB reduced the organic and

Table 2
Characteristics of the domestic raw sewage used in this
study

Parameters Range Average

TCODCr (mg/L) 180–482 263 ± 40
SCODCr (mg/L) 40–129 67 ± 40
SS (mg/L) 20–80 42 ± 38
TN (mg/L) 25–44 35 ± 10
NHþ

4 -N (mg/L) 20–28 23 ± 5
pH 6.8–7.8 7.3 ± 0.5
Alk. (as CaCO3) 80–180 140 ± 60
No. of samples, n = 104

Fig. 2. TCOD removal patterns in UASB-ABF system at different recycling ratios.
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particulate loads on the following ABF remarkably
with recycling of nitrified effluent, which could
improve nitrification efficiency in the subsequent ABF.

Recycling of the nitrified effluent could also
improve the removal efficiency of suspended solids
(SS). SS in the raw sewage fluctuated in the range of

20–80 mg/L, while SS in the UASB effluent was about
26 mg/L without recycling and 18 mg/L with 300%
recycling, respectively. Influent turbidity fluctuated
from 100 to 530 NTU, while effluent turbidity of the
UASB was below 5NTU at recycling ratio of 3. This
result explained that nitrate in recycled effluent

Fig. 4. NHþ
4 -N removal patterns in UASB-ABF system at different recycling ratios.

Fig. 3. NO�
3 -N removal patterns in UASB-ABF system at different recycling ratios.
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triggered the production of extracellular biopolymers
(EPS), which might result better bioflocculation of the
colloidal particles within sludge blanket.

With recycling of the nitrified effluent to the
UASB, even small particulates were entrapped in
sludge blanket that made clear effluent. Recycled
nitrate changed the anaerobic UASB to anoxic condi-
tion where denitrifying micro-organisms were
activated. These newly grown heterotrophic biomasses
might be aggregated with colloidal matters in the raw
sewage, then they were accumulated and formed
sludge blanket in UASB. Complete denitrification
occurred in the UASB as shown in Fig. 4.

3.2. Nitrogen removal

Figs. 3–5 show the TN, NHþ
4 -N, NO�

3 -N removal
patterns, respectively, in UASB-ABF at various
recycling ratios. The removal efficiencies of TN were
12.9, 43.8, 74.2, and 78.1% at recycling ratio of 1, 2, 3,
and 3 with coagulant, respectively. Also, the nitrifica-
tion efficiencies were 34.8, 71.4, 95.5, and 91.3% at each
recycling ratios. With coagulant at recycling ratio of 3,
it was observed that the nitrification efficiency
decreased by 4.2% compared to the results without
coagulant. Stable TN removal was possible at recycling
ratio of 3 at steady state after 50 d operation. Before it
reached at steady state, incomplete nitrification in ABF
coupled with low SCOD removal in UASB (Fig. 6).
Complete nitrification at recycling ratio of 3 increased
TN removal efficiency up to 75%, and it was kept stable
throughout the experiment with recycling of ABF efflu-
ent. TN removal, however, decreased rapidly right
after cease of the recycling. Influent TN composed of
34% organic nitrogen and 66% ammonia nitrogen
(Table 2). And, particulate organic nitrogen was effec-
tively separated in UASB with particulate COD
(removed over 90%). TN oxidized to nitrate in ABF
was about 7.9 mg/L at recycling ratio of 3 (Table 4).

Influent ammonia nitrogen was in the range
between 20 and 28 mg/L and ammonia in UASB efflu-
ent decreased rapidly with recycling of the ABF
effluent. Ammonia nitrogen in influent was diluted
with the recycled flow from ABF to the level that was
determined by both the recycling ratio and ammonia
concentration in the recycled flow. Ammonia in UASB
effluent decreased to 13 and 7 mg/L at recycling ratios
of 2 and 3, respectively. At the same time, ammonia in
the final effluent decreased to 6 and 2 mg/L at recy-
cling ratios of 2 and 3, respectively, while it was as
high as 15 mg/L at first stage, the recycling ratio of 1
(Fig. 4).

Nitrate recycled from ABF was denitrified effec-
tively using the influent organic matters within sludgeT
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blanket formed in UASB. Stable nitrification could be
achieved efficiently, and excess sludge generated in
ABF was negligible due to minimal heterotrophic
growth with low COD level in ABF influent. And
increased EPS as a result of heterotrophic growth in
sludge blanket could also enhance bioflocculation of
the particulate organic matter, which reduced organic

and SS load on the subsequent ABF. Low COD input
to ABF could increase nitrification efficiency and it
could reduce the start-up period and save the aeration
energy in ABF.

Without recycling of ABF effluent ammonia in
UASB increased over the influent concentration, and
ammonia in the final effluent also increased to

Fig. 6. SCOD removal patterns in UASB-ABF system at different recycling ratios.

Fig. 5. TN removal patterns in UASB-ABF system at different recycling ratios.
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5.4 mg/L. Fig. 3 shows the nitrate concentration at
each stage. Nitrate in ABF effluent was below 2 mg/L
at recycling ratio of 1, however, it increased rapidly to
9 mg/L at recycling ratio of 2, and it was kept about
6 mg/L at recycling ratio of 3. Nitrification seemed to
reach at steady state after 50 d operation, then, nitrifi-
cation efficiency showed stability throughout the
experiment. Nitrate in UASB effluent was below
2 mg/L from the beginning of the experiment, which
showed stable denitrification occurred in UASB.

3.3. Phosphorus removal

Fig. 7 shows the total phosphorus (TP) removal
patterns in UASB and ABF at various recycling ratios.
TP removal in UASB-ABF system was not efficient at
any recycling ratios except for Al(III) addition as
shown in Table 5. Organic phosphorus could be

degraded in UASB at 25 h residence time, even
though some soluble phosphorus possibly is synthe-
sized via heterotrophic growth at recycling ratio of 3.
TP removal in ABF was also ignored due to low bio-
mass yield as mentioned earlier. TP in UASB
increased to about 7 mg/L without recycling. Soluble
phosphorus might be eluted from particulates at strict
anaerobic condition in UASB. PO3�

4 -P also increased to
6 mg/L at recycling ratio of 0 as shown in Fig. 8. Bio-
logical phosphorus removal is not expected in this
UASB-ABF system.

Al(III) was added to the front of UASB and mixed
with influent and recycled flow from ABF effluent in a
mixing tank as shown in Fig. 1. Average TP decreased
below 0.3 mg/L right after applying alum at Al(III)/P
molar ratio of 2.6. It is difficult to find a theoretical
alum dose for P removal at various pH values because
Al(OH)3 also precipitates. It was necessary to use twice

Table 4
TN removal at various recycling ratios in UASB-ABF system

Components
TN(mg/L)

Recycling ratio 0Q 1Q 2Q 3Q 3Q(Al)

Influent 32.1 ± 2.4 31.2 ± 5.0 31.8 ± 4.9 30.8 ± 8.6 31.7 ± 7.0
UASB 30.1 ± 2.7 27.5 ± 4.1 18.2 ± 4.2 8.1 ± 5.5 7.9 ± 2.7
ABF 24.9 ± 2.1 27.4 ± 4.2 17.9 ± 3.5 7.9 ± 5.2 7.0 ± 2.3
No. of samples 16 15 16 46 11

Fig. 7. TP removal patterns in UASB-ABF system at different recycling ratios.
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as much aluminum salt as required for phosphate pre-
cipitation at pH of 6 [14]. Since Al(OH)3 are expected to
dominantly precipitate at pH values above 6, molar
ratio of Al/P should be larger than 1. Tian et al. [7]
reported that molar ratio of Al/P was above 3 at pH 7
for P removal above 80% from domestic wastewater.
Therefore, the ratio of 2.6 was adopted from the previ-
ous study [6]. Li et al. [13] used Fe/P molar ratio of
2–2.2 to avoid overdose. Even though optimum dose
might be variable depending on the system, 2.6 was a
reasonable dose to use in this study. Soluble phospho-
rus was kept below 0.13 mg/L in the UASB as shown
in Fig. 8. Aluminum chloride was applied by others
and it apparently enhanced granulation in UASB but
did not achieve the positive effect on P removal [15].
However, from this study chemical precipitation of
phosphorus proved an efficient option for removal of
TP in an anaerobic sewage treatment process such as
the UASB-ABF system.

In addition to removal of P, having chemical/bio-
logical additives applied during start-up and/or oper-
ation of UASB has shown various effects on COD
removal [9]. In this study, additional TCOD and TN
removals were also achieved with alum addition as

Table 5
TP removal at various recycling ratios in UASB-ABF system

Components
TP(mg/L)

Recycling ratio 0Q 1Q 2Q 3Q 3Q(Al)

Influent 2.88 ± 0.31 3.26 ± 0.63 3.0 ± 0.56 2.85 ± 0.61 3.07 ± 0.59
UASB 6.96 ± 1.25 3.25 ± 0.70 2.97 ± 0.58 2.85 ± 0.51 0.30 ± 0.32
ABF 3.27 ± 0.60 3.15 ± 0.60 3.23 ± 0.58 3.00 ± 0.43 0.27 ± 0.29
No. of samples 16 15 16 46 11

Fig. 8. PO3�
4 -P removal patterns in UASB-ABF system at different recycling ratios.

Table 6
Performances of UASB-ABF at recycling ratio of 3 with
alum at Al/P molar ratio of 2.6

Components Influent (mg/L)

UASB ABF

mg/L % mg/L %

TCOD 257 30 88.3 14 94.6
SCOD 67 23 65.7 12 82.1
TN 32 8.0 75.0 7 78.1
NHþ

4 -N 23.5 7.0 70.2 1.7 92.8
NO�

3 -N 0 1.3 – 6.3 –
TP 3.07 0.30 90.2 0.27 91.2
PO3�

4 -P 2.56 0.18 93.0 0.14 94.5
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shown in Tables 3 and 4. And stable nitrification
occurred regardless of alum addition due to complete
separation of micro-organisms in ABF from those in
UASB where alum was applied.

3.4. Effects of Al(III) dose on UASB-ABF system

Table 6 shows the performances of UASB-ABF
sewage treatment system at recycling ratio of 3 with
alum. Stable removal of organic matters and TN could
be achieved with chemical precipitation of phosphorus
in UASB. Recycled nitrate from ABF was successfully
denitrified in UASB with no relation to Al(III) addi-
tion. Seventy-five percent of influent TN was removed
in UASB, while additional 3.1% of TN removed in the
subsequent ABF. With this result, it was found that
the major role of ABF was to oxidize ammonia in
aerobic condition and to inoculate nitrifying micro-
organisms. Low COD input to the ABF could also
help the efficient growth of these micro-organisms as
a result of high removal of COD in UASB through
physical and biological means. TP in the final effluent
was below 0.3 mg/L that showed apparent improve-
ment in phosphorus removal. Above 90% of TP was
removed with organic particles in UASB by adding
alum to the influent. Ninety-three percent of soluble
phosphorus was also removed in UASB by chemical
precipitation. And any adverse effects on the other
components except for ammonia described in Table 6
were not observed after addition of alum to the
UASB-ABF system. About 4.2% decrease in nitrifica-

tion efficiency originated on pH drop as shown in
Fig. 9. The pH in ABF effluent was lowered from 7.0
to 6.2 after applying alum at recycling ratio of 3.
Otherwise, overall removal efficiencies of the other
pollutants were improved as results of chemical pre-
cipitation in UASB-ABF sewage treatment process.
Even nitrification efficiency showed as high as 92% at
low pH of 6.2.

4. Conclusions

Anaerobic sewage treatment process using UASB
coupled with ABF was tested for the removal of nitro-
gen and phosphorus by recycling the final effluent
and by adding alum to the influent. UASB was gently
agitated to prevent sludge rising and channeling
effects due to gas production, and ABF was packed
with half inch pal rings to inoculate effectively high
concentration of nitrifying micro-organisms.

TCOD removal efficiency was about 60% in UASB
without recycling of the ABF effluent, while it
increased to 90% at recycling ratio of 3. Complete deni-
trification had occurred in the UASB, and removal effi-
ciencies of both TN and NHþ

4 -N were also improved to
74 and 96%, respectively, by recycling the nitrified ABF
effluent. Low organic matter in ABF influent could
improve nitrification efficiency in a subsequent ABF.
TP removal was not improved by the recycling of ABF
effluent. TP and soluble phosphorus were effectively
removed in UASB by adding alum to the influent. 90%
removal of TP was possible with alum dose at Al/P

Fig. 9. pH change patterns in UASB-ABF system at different recycling ratios.
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mole ratio of 2.6. In the final effluent, concentrations
of TCOD, TN, and TP were below 14.0, 7.0, and
0.27 mg/L, respectively, in the UASB-ABF sewage
treatment system at recycling ratio of 3 with alum.

Acknowledgments

This research was supported by a grant (code D05)
from development of a natural sewage treatment sys-
tem for small rural village in Chung Cheong area by
self operating with low cost program funded by the
Ministry of Land, Transport and Maritime Affairs of
Korean government.

References

[1] M. Von Sperling, C.A.L. Chernicharo, Biological
Wastewater Treatment in Warm Climate Regions,
IWA Publishing, London, 2005.

[2] G. Kassab, M. Halalsheh, A. Klapwijk, M. Fayyad, J.B.
van Lier, Sequential anaerobic-aerobic treatment for
domestic wastewater—A review, Bioresour. Technol.
101 (2010) 3299–3310.

[3] S. Uemura, H. Harada, Treatment sewage by a UASB
reactor under moderate to low temperature conditions,
Bioresour. Technol. 72 (2000) 275–282.

[4] Y. An, F. Yang, H.C. Chua, F.S. Wong, B. Wu, The
integration of methanogenesis with shortcut nitrifica-
tion and denitrification in a combined UASB with
MBR, Bioresour. Technol. 99 (2008) 3714–3720.

[5] P. Pontes, C. Chernicharo, E. Frade, M. Porto, Perfor-
mance evaluation of a UASB reactor used for com-
bined treatment of domestic sewage and excess
aerobic sludge from a trickling filter, Water Sci. Tech-
nol. 48 (2003) 227–234.

[6] H.B. Jun, S.M. Park, J.K. Park, S.H. Lee, Equalization
characteristics of an upflow sludge blanket-aerated
biofilter (USB-AF) system, Water Sci. Technol. 51
(2005) 301–311.

[7] D.J. Tian, B. Lee, Y.J. Lee, H.B. Jun, Effect of magne-
sium and calcium ions on the phosphorus removal by
aluminum coagulation, J. Korean Soc. Environ. Eng. 33
(2011) 231–236.

[8] M. Tiwari, S. Guha, C. Harendranath, S. Tripathi,
Influence of extrinsic factors on granulation in UASB
reactor, Appl. Microbiol. Biotechnol. 71 (2006) 145–154.

[9] S. Chong, T.K. Sen, A. Kayaalp, H.M. Ang, The
performance enhancements of upflow anaerobic
sludge blanket (UASB) reactors for domestic sludge
treatment—State-of-the-art review, Water Res. 46
(2012) 3434–3470.

[10] J.T. Sousa, E. Foresti, Domestic sewage treatment in
an up-flow anaerobic sludge blanket-sequential batch
system, Water Sci. Technol. 33 (1996) 73–84.

[11] A. Moawad, U.F. Mahmoud, M.A. El-Khateeb,
E. El-Molla, Coupling of sequencing batch reactor and
UASB reactor for domestic wastewater treatment,
Desalination 242 (2009) 325–335.

[12] A. Khan, R.Z. Gaur, V.K. Tyagi, A. Khursheed, B.
Lew, I. Mehrotra, A.A. Kazmi, Sustainable options of
post treatment of UASB effluent treating sewage: A
review, Resour. Conserv. Recycl. 55 (2011) 1232–1251.

[13] T. Li, H. Wang, W. Dong, T. Liu, F. Ouyang,
Q. Zhang, X. Dong, Performance of an anoxic reactor
proposed before BAF: Effect of ferrous sulfate on
enhancing denitrification during simultaneous phos-
phorus removal, Chem. Eng. J. 248 (2014) 41–48.

[14] V.L. Snoeyink, D. Jenkins, Water Chemistry, Wiley,
New York, NY, 1980.

[15] H.Q. Yu, H.H.P. Fang, J.H. Tay, Enhanced sludge
granulation in upflow anaerobic sludge blanket
(UASB) reactors by aluminum chloride, Chemosphere
44 (2001) 31–36.

D.-J. Tian et al. / Desalination and Water Treatment 53 (2015) 2856–2865 2865


	Abstract
	1. Introduction
	2. Materials and methods
	2.1. Experimental set-up
	2.2. Operating conditions

	3. Results and discussion
	3.1. COD removal
	3.2. Nitrogen removal
	3.3. Phosphorus removal
	3.4. Effects of Al(III) dose on UASB-ABF system

	4. Conclusions
	Acknowledgments
	References



