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ABSTRACT

Membrane bioreactor MBR and A/O processes are employed to treat saline wastewater. The
mixed liquid suspended solids in the MBR and A/O were 7,000 and 3,500mg/L, respec-
tively. With the same influents, MBR process was more suitable for the treatment of high-
salinity wastewater. The chemical oxygen demand and ammonia removal efficiencies were
75 and 82%, respectively, with the salinity of 24.5 g/L. Both were higher than that through
the A/O process. Autotrophic nitrifying bacteria could be enriched and had sufficient time
to accommodate to the saline environment. Both sludge volume index (SVI) decreased with
salinity increment. However, the SVI of MBR dropped more than that of A/O, which indi-
cated a better sludge-settling property in the MBR process. Filamentous bacteria existed in
the A/O reactor and made the sludge-settling property worse than that in the MBR process.
Membrane fouling occurred inevitably during the MBR process. Microbes and organics could
be removed by combined physical and chemical cleaning.
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1. Introduction

Due to fresh water shortage in many countries, it
is imperative to save significant amounts of fresh
water by utilizing seawater. This inevitably results in
a large amount of saline wastewater. Our previous
report indicated that the treatment of saline and
hypersaline wastewater could represent as much as
5% of worldwide effluent treatment requirements [1].
This concerned both seawater-based food industries,
such as fish processing and concentrated wastewaters,
such as those coming from chemical industries and
distilleries. When such effluent is discharged into the

environment without prior treatment, it can inevitably
cause severe contamination in soils, surface water and
groundwater. As far as saline wastewater treatment is
concerned, physicochemical means are adopted usu-
ally. However, physicochemical techniques are
energy-consuming and their startup and running costs
are high [2]. The biological treatment of saline waste-
water has become a topic of increasing importance in
the industrialized world. However, biological treat-
ment of saline wastewater usually results in low
chemical oxygen demand (COD) removal performance
because of adverse effects of salt on microbial flora
[3]. High salt concentration can cause plasmolysis and
loss of activity of the cells [4]. Still, salinity shift*Corresponding author.

Presented at the 2012 Qingdao International Desalination Conference June 26–29, 2012, Qingdao, China

1944-3994/1944-3986 � 2013 Balaban Desalination Publications. All rights reserved.

Desalination and Water Treatment
www.deswater.com

doi: 10.1080/19443994.2013.781730

51 (2013) 3821–3825

May



greatly affects the treatment performance [5-10].
Although biological treatment is inhibited by high salt
levels, many studies proved that it is feasible to use
salt-adapted microorganisms capable of withstanding
high salinities and degrading the pollutants [11]. A
variety of processes are applied to treat saline waste-
water, such as a conventional aerobic wastewater
treatment process [12], a sequencing batch reactor
(SBR) [13], a sequencing batch biofilm reactor (SBBR)
[14], an anaerobic/anoxic/aerobic process [15], an
upflow anaerobic sludge blanket (UASB) [16] and an
anaerobic contact system [17]. The COD and ammonia
removal efficiencies obtained with this type of waste-
water vary largely.

Compared with the conventional activated sludge
process, membrane bioreactor (MBR) has many
advantages such as excellent effluent quality, high
biomass, low sludge production, small footprint, the
separation of sludge retention time (SRT) and hydrau-
lic retention time (HRT), and flexibility for future
expansion and upgrade [18,19]. However, the compar-
ison of MBR and conventional biological process in
treating saline wastewater was studied little.

In this work, both MBR and A/O processes were
employed to treat saline wastewater. Salinity effects
on both processes were explored. The pollutant
removal and sludge settling property with different

salt contents were compared. Membrane fouling and
cleaning during the operation was investigated.

2. Materials and methods

2.1. Wastewater characteristics

The synthetic feed was prepared with seawater,
soybean milk, NH4Cl, KH2PO4 and Na2CO3. In this
study, varying salinity was achieved by adding differ-
ent content of seawater. The COD and ammonium–N
were 800–1,000mg/L and 80–100mg/L, respectively.
The pH was 7.5–8.5. The salinities and Cl� concentra-
tions corresponding to the different content of seawa-
ter are shown in the Table 1.

2.2. Experimental setup and start-up

The MBR and A/O processes are shown in Fig. 1.
Continuous operation was carried out during the
whole experiment. As far as MBR is concerned, the
reactor was equipped with eight hollow-fiber microfil-
tration (MF) membrane modules that were made of
polyethylene with a total surface area of 2.57m2 and a
nominal pore size of 0.4 lm, and its working volume
was 257 L. Aeration was continuously carried out, and
filtration was intermittently carried out (7min filtra-
tion and 3min pause) using a suction pump. The bub-
bles pushed the sludge to flow upward between the
membrane modules to minimize membrane fouling.
The mixed liquid suspended solids (MLSS) concentra-
tion in the MBR was maintained at 7,000mg/L by
extracting excess sludge. Dissolved oxygen and tem-
perature sustained at 2–4mg/L and 20–25 oC, respec-
tively. When it came to the A/O process, the total
volume was 195 L, and the ratio of anoxic to oxic vol-
ume was 1:2. The MLSS concentrations in both anoxic
and oxic tanks were 3,500mg/L. Inner and sludge
recirculation ratios were 2 and 1, respectively. The
HRT in both reactors was 15 h.

Table 1
Salinities and Cl� concentrations in wastewater containing
different content of seawater

Percentages of
seawater (%)

Salinities (mg/L) Cl� concentrations
(mg/L)

10 3,500 1,900

20 7,000 3,800

30 10,500 5,700

40 14,000 7,600

50 17,500 9,500

60 21,000 11,400

70 24,500 13,300

Fig. 1. Schematic diagram of submerged MBR and A/O processes. (1) Feed tank; (2) feed pump; (3,5,9,11,12) flowmeters;
(4,13) air compressors; (6) membrane modules; (7) biological reactors; (9) pressure gauge; (10) suction pump; (14) stirrer;
(15) anoxic tank; (16) aerobic tank; (17,18) recirculation pumps; (19) secondary settler.
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2.3. Sample collection and preparation

Samples were withdrawn from the liquid media in
both reactors and were centrifuged at 6,000 rpm for
30min to remove microorganisms from the liquid
medium. Sufficient amounts of HgSO4 were added to
precipitate chloride ions into HgCl2 in order to avoid
chloride ion interfering with COD measurement. The
COD, NH3–N contents of the supernatants were ana-
lyzed according to standard methods [20]. Samples
were analyzed in triplicate and mean values were
reported. DO and pH measurements were taken by
using the relevant probes and analyzers (METTLER
TOLEDO FiveGoTM DO meter and METTLER
TOLEDO FE20 pH meter). Samples were centrifuged
to separate saline water from the biomass and the
washed salt-free organisms were used to determine
the biomass concentrations. The biomass was deter-
mined by filtering the washed salt-free samples
through 0.45lm membrane filter and drying the
washed salt-free organisms in an oven at 105oC to
constant weight.

3. Results and discussion

3.1. Organics removal with different salinities

Salinity effects on organic matters removal were
tested. The operation was divided into seven stages
based on the seawater content. The salinities in these
stages were 3.5, 7, 10.5, 14, 17.5, 21 and 24.5 g/L,
respectively. Fig. 2 shows the COD removal with dif-
ferent salinities in both MBR and A/O processes.
When the salinity was not more than 10.5 g/L, the
organics removal by both MBR and A/O was little
affected. The effluent COD was around 105mg/L, and

the COD removal efficiency was 91%. However, the
COD removal efficiencies dropped with the increasing
salinity. The effluent COD from MBR was 133mg/L
corresponding to the salinity of 17.5 g/L, and the
COD removal efficiency was 85%. When it came to
the A/O process, the COD removal was worse than
for MBR at the same salinity. The effluent COD and
COD removal by A/O were 237mg/L and 75%,
respectively. When the salinity was 24.5 g/L, the
effluent COD from MBR and A/O were 237 and
390mg/L, respectively. The COD removal efficiencies
were 75 and 57%, respectively.

When the MBR and A/O processes were employed
to treat saline wastewater, the COD removal was
affected little with the salinity not more than 10.5 g/L.
However, both were affected with the increasing salin-
ity, and especially the A/O process. When the MBR
was employed to treat high saline wastewater, the
effluent COD was less than that from the A/O process.
The MBR process was more suitable for the treatment
of high saline wastewater. First of all, the MLSS in
MBR was higher, and a variety of microorganisms
existed in the reactor. All of these microbes could be
rejected by the membrane and retained in the reactor.
As a result, they could have enough time to accommo-
date to saline surroundings and combat salt inhibition.
Besides, refractory matters in wastewater could be
rejected both by the membrane and biofilm. This could
make the effluent COD decrease further.

3.2. Ammonia removal with different salinities

Ammonia removal with different salinities was
investigated both in the MBR and in the A/O
processes. Fig. 3 shows the effluent ammonia and

Fig. 2. COD removal with different salinities. Fig. 3. Ammonia removal with different salinities.
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ammonia removal throughout the operation. In gen-
eral, the ammonia removal both in MBR and in A/O
was affected little when the salinity was not more
than 14mg/L. The effluent ammonia from the MBR
and A/O were 5 and 7mg/L, respectively, and the
ammonia removal efficiencies were 95 and 93%
accordingly. With the salinity of 17.5mg/L, the efflu-
ent ammonia increased. The ammonia removal by
MBR and A/O were 90 and 82%, respectively. When
the salinity increased to 24.5 g/L, the ammonia
removal by MBR was kept at 82% while it decreased
to 69% in A/O process. The effluent ammonia from
MBR was much higher than that from A/O reactor.

Like the organics removal, ammonia removal was
affected little in lower salinity surroundings, and high
salinity worsened the ammonia removal. This was
much aggravated in the A/O process. However, com-
pared with the COD removal in this study, the ammo-
nia removal was even better, and the MBR had more
potential for ammonia removal from high-saline
wastewater. Nitrifying bacteria belonged to autotroph-
ic organisms that reproduced much slower than het-
erotrophic ones. As a result, the double time of
nitrifiers was far longer than heterotrophic microbes’.
Nitrifying bacteria were difficult to enrich in conven-
tional activated sludge process. Although the mem-
brane adopted by MBR failed to reject ammonia, it
could keep all nitrifiers in the reactor. Consequently,
autotrophic nitrifying bacteria could be enriched and
have sufficient time to accommodate to the saline
environment.

3.3. Sludge-settling property with different salinities

Settling property of sludge was important through-
out the biological treatment process. It could be
indexed well by sludge volume index (SVI). Fig. 4
shows the variation of SVI with different salinities
both in MBR and in A/O processes. When the salinity

was 3.5 g/L, both SVI were around 97mL/g. With the
salinity added, sludge-settling property was enhanced
in both reactors. With the salinity of 14 g/L, the SVI of
MBR was 80mL/g, while the SVI of A/O was 88mL/
g. When the salinity was 24.5mL/g, the SVI of MBR
and A/O were 55 and 75mL/g, respectively. In gen-
eral, both SVI decreased with salinity increment.
However, the SVI of MBR dropped more greatly than
that of A/O, which indicated the better sludge settling
property in the MBR process.

As we all know, the density of seawater is higher
than that of freshwater, thus creating greater
resistance to sludge-settling because of larger buoyant
forces. This contradicted our test results. In order to
explore the phenomenon, the sludge structure was
investigated further. Fig. 5 shows the sludge struc-
tures in MBR and A/O processes. Microbes in both
reactors aggregated tightly, and the sludge was quite
compact. In saline surroundings, both the activity and
the growth of organisms were inhibited. In order to
combat the salt inhibition, microbes secreted extracel-
lular polymeric substances (EPS) to protect them-
selves. Our findings also agreed with the early
research that high salinity greatly increased EPS con-
tent [21]. It was EPS that made microorganisms
adhere to each other tightly, which could resist the
salt effect better. However, there were filamentous
bacteria in the A/O reactor. This made the sludge-set-
tling property was not as good as that in the MBR
process.

3.4. Membrane fouling and cleaning

When the MBR and A/O were employed to treat
the saline wastewater, both the pollutants removal
and sludge-settling property through MBR were better
than A/O process. However, membrane fouling
occurred inevitably during the MBR process. Viscosity
of high-saline wastewater is much higher than that of
fresh water. This aggravated the membrane fouling.
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Fig. 4. Variations of SVI with different salinities.

Fig. 5. Sludge images from A/O (left) and MBR (right)
with the salinity of 24.5 g/L.
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The membrane fouling of the MBR could be indexed
by an increase in transmembrane pressure (TMP). At
the beginning, the TMP was only 5 kPa. With the
198day operation, however, it increased to 50 kPa.
The membrane cleaning was performed. First of all, a
sludge cake was flushed out by tap water. Secondly,
membrane modules were cleaned chemically by
mixed solutions of NaClO and NaOH. Finally, the
modules were dipped into distilled water for 8 h.
After the physical and chemical cleaning, the TMP
dropped dramatically to 8 kPa and the filtration capac-
ity of the membrane was almost recovered completely.
It was indicated that the microorganisms and organic
matters that were attached on the membrane surface
were removed by the cleaning agents.

4. Conclusions

Based on the tests presented above, it was con-
cluded that MBR process was more suitable for the
treatment of high saline wastewater. The COD and
ammonia removal efficiencies were 75 and 82%,
respectively, with the salinity of 24.5 g/L. Both were
higher than that through A/O process. Autotrophic
nitrifying bacteria could be enriched and have
sufficient time to acclimate to the saline environment.
Both SVI decreased with salinity increment. However,
the SVI of MBR dropped more greatly than that of A/
O, which indicated the better sludge-settling property
in the MBR process. Filamentous bacteria existed in
the A/O reactor and made the sludge-settling prop-
erty worse than that in the MBR process. Membrane
fouling occurred inevitably during the MBR process.
Microbes and organics could be removed by com-
bined physical and chemical cleaning.

Acknowledgment

This study was funded by National Natural Sci-
ence Foundation of China (No. 51078191).

References

[1] O. Lefebvre, S. Quentin, M. Torrijos, J.J. Godon, J.P. Delgenes,
R. Moletta, Impact of increasing NaCl concentrations on the
performance and community composition of two anaerobic
reactors, Appl. Microbiol. Biotechnol. 75 (2007) 61–69.

[2] O. Lefebvre, R. Moletta, Treatment of organic pollution in
industrial saline wastewater: A literature review, Water Res.
40 (2006) 3671–3682.

[3] A.R. Dincer, F. Kargi, Performance of rotating biological disc
system treating saline wastewater, Process Biochem. 36 (2001)
901–906.

[4] A. Uygur, Specific nutrient removal rates in saline wastewa-
ter treatment using sequencing batch reactor, Process Bio-
chem. 41 (2006) 61–66.

[5] G.W. Lawton, C.V. Eggert, Effect of high sodium chloride
concentration on trickling filter slimes, J. Water Pollut. Con-
trol Fed. 29 (1957) 1228–1236.

[6] D.F. Kincannon, A.F. Gaudy, Some effects of high salt concen-
trations on activated sludge, J. Water Pollut. Control Fed. 38
(1966) 1148–1159.

[7] T.D. Hall, C. Smallwood. The effect of varying salinity
on the performance of the activated sludge process, in:
Proceedings of the 16th Southern Water Resources, Pollution
Control Conference, Duke University Christian Printing, NC,
1967.

[8] D.F. Kincannon, A.F. Gaudy, Response of biological waste
treatment systems to changes in salt concentrations, Biotech-
nol. Bioeng. 10 (1968) 483–496.

[9] W.E. Burnett, The effect of salinity variations on the activated
sludge process, Water Sewag. Works 121 (1974) 37–38.

[10] A. Oren, P. Gurevich, A. Malkit, Y. Henis, Microbial degrada-
tion of pollutants at high salt concentrations, Biodegr. 3
(1992) 387–398.

[11] F. Kargi, A.R. Dincer, Biological treatment of saline wastewa-
ter by fed-batch operation, J. Chem. Technol. Biotechnol. 69
(1997) 167–172.

[12] F.J. Ludzack, P.K. Noran, Tolerance of high salinities by con-
ventional wastewater treatment process, J. Water Pollut. Con-
trol Fed. 37 (1965) 1404–1416.

[13] C.R. Woolard, R.L. Irvine, Treatment of hypersaline wastewa-
ter in the sequencing batch reactor, Water Res. 29 (1995)
1159–1168.

[14] C.R. Woolard, R.L. Irvine, Biological treatment of hypersaline
wastewater by a biofilm of halophilic bacteria, Water Environ.
Res. 66 (1994) 230–235.

[15] T. Panswad, C. Anan, Impact of high chloride wastewater on
an anaerobic/anoxic/aerobic process with and without inocu-
lation of chloride acclimated seeds, Water Res. 33 (1999)
1165–1172.

[16] G.D. Boardman, J.L. Tisinger, D.L. Gallagher, Treatment
of clam processing wastewaters by means of upflow
anaerobic sludge blanket technology, Water Res. 29 (1995)
1483–1490.

[17] F. Omil, R. Mendez, J.M. Lema, Anaerobic treatment of saline
wastewaters under high sulphide and ammonia content, Bior-
esour. Technol. 54 (1995) 269–278.

[18] Y. Miura, Y. Watanabe, S. Okabe, Significance of Chloroflexi
in performance of submerged membrane bioreactors (MBR)
treating municipal wastewater, Environ. Sci. Technol. 41
(2007) 7787–7794.

[19] Fu. Zhimin, Fenglin Yang, Yingyu An, Yuan Xue, Simulta-
neous nitrification and denitrification coupled with phospho-
rus removal in an modified anoxic/oxic-membrane bioreactor
(A/O-MBR), Biochem. Eng. J. 43 (2009) 191–196.

[20] APHA. Standard Methods for the Examination of Water and
Wastewater. American Public Health Association, Washington,
DC (1999).

[21] E. Reid, X. Liu, S.J. Judd, Effect of high salinity on activated
sludge characteristics and membrane permeability in an
immersed membrane bioreactor, J. Membr. Sci. 283 (2006)
164–171.

J. Li et al. / Desalination and Water Treatment 51 (2013) 3821–3825 3825




