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Since once such cake formed, the effectiveness of
the backwashing will decrease, the monitoring of
the pressure difference is very important for MBR
operation. 

Based on the observation of a group
membrane module during the period of sludge
bulking happened in August, 2004, it was found
that a lot of sludge was conglutinated on the sur-
face of membrane especially on the middle of
bottom membranes. The membrane fiber was
covered by a large amount of black sludge.
After cleaning off the sludge on surface with
water, it was found that there was a lot of mem-
brane fiber covered by compact sludge which
was hard to be cleaned by water alone anymore.
It was also noticed that the top part of the mem-
brane was earthy yellow and the bottom part
was black while a small amount of membrane
fiber was broken and some bottom membrane
module severely deformed. Fig. 4 is the photos
of fouling membrane taken on the spot. 

It can be concluded from above observation
that: (1) Membrane fouling was the main reason

for membrane fiber brokenness and service life
decrease; (2) The threads fouled around the mem-
brane were fine fiber and hair which decreased
the service life of the membrane; (3) The designed
distance between layers (about 10 mm) was too
small that the sludge on the surface of the mem-
brane fiber could not be well removed by the
washing of aeration. As a result, the bottom of the
membrane module was covered by a large amount
of sludge and the membrane silk were stretched. 

The membrane modules should have been
chemically washed by dismantling all the mod-
ules once every year to decrease the membrane
fouling. NaClO solution was used for chemical
washing and the damaged membranes (approxi-
mately 1% of the total) have been replaced.
However, the chemical washing also brings
troubles for the operation. When the fouling is
irreversible and the backwashing frequency is
less than once a month, the membrane modules
should be replaced on time. The investment of
the facilities and membrane modules was 74.3%
of total investment. 

Fig. 4. Photos of the fouling membrane.
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5. Investment and operating cost 

5.1. Project investment 

The capacity of the wastewater treatment sta-
tion is 1000 m3/d with the building area of about
10,000 m2. The total investment was 5.5 million
RMB (not including the pipelines outside of the
wastewater treatment station), of which 1.1
million was used for civil construction works
and 4.4 million for facilities and membrane
modules. 

5.2. Operating cost 

The operation cost of this treatment system
includes the cost of electricity, chemicals (disin-
fection, backwashing and sludge dewatering)
and labors. (1) Electricity cost: according to the
daily electric power consumption, the electricity
cost is 0.504 ¥/t. (2) Chemicals cost: including
disinfection, backwashing and dewatering, the
chemicals cost is 0.115 ¥/t. (3) Labors cost:
there are two managerial personnel, the labor
cost is 0.067 ¥/t. From the analysis above, the
total cost of the treated water is 0.58 ¥/t. 

6. Conclusion 

The application of MBR for the wastewater
treatment in Qingdao International Airport is suc-
cessful based on the result of the two-year-long
operation and the stability of the effluent quality
and quantity. The monitoring result indicated
that the effluent quality of the MBR was better
than the water quality standard for miscella-
neous water consumption, and the effluent could
be totally used for afforestation, fire-fighting
and landscape. Compared with traditional treat-
ment process, MBR system has the advantages

of smaller footprint, less excess sludge, less civil
construction investment, lower operation cost,
simpler operation and maintenance and higher
degree of automation. The social and economic
benefits are excellent. 

Membrane fouling is still the bottleneck
problem of the MBR application, which influ-
ences not only the permeate flux of the system
but also the service life of the membrane. How
to diminish the membrane fouling is still an
unsolved problem. The possible methods to
improve MBR process could be using contact
bio-oxidation process; adding filler or active
carbon into the reactor to provide carrier for the
sludge and reduce the suspended sludge concen-
tration; diminishing the membrane fouling
caused by the sludge grain; increasing the
permeate flux and reducing the concentration
polarization. 

The pretreatment of wastewater should be
strengthened in order to reduce the membrane
fouling and harmfulness caused by the fine fiber
and hair in the wastewater. 
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