














6 S. Annop, P. Sridang, P. Chevakidagarn & K. Nopthavorn

membrane separation a3 it totally retains biomass
containing high concentration and variety of the
biomass community. The MBR can tolerate the
variation of high organic and hydraulic loads.
However, the quality of permeate from the MBR
still remained light-brown in color, because small
molecules of tannin caused a natural color, which
was not completely eliminated by biological
reaction and membrane separation using the pore
size studied.

The residual turbidity was in the range of
2.2+0.8 and 347+80 NTU for the MBR and AS,
high suspended solids, 1019+£706 mg/L, and still
presented in the AS according to the capacity of
sedimentation tank, to a high content of Oil and
Grease at the same time of SS in the influent of
POME.

The overall removal rate of TKN, NH; N of
MBR was twice as high compared with the AS
system. These results indicated that the nitrogen
compounds were mostly transformations and
eliminated by the process of nitrification and
denitrification. The concentrations of NO, and
NO; were still remaining in the range of 1310
and of 32423 mg/L for the MBR. In the AS NO,
and NO; concentrations were about 2+3 and 1146
mg/L. This difference was caused by the con-
centration of dissolved oxygen (DO) limited in
the AS (1.10-1.30 mg/L) for simultaneous
conditions. More observation of dissolved oxygen
in MBR was detected during the aerobic and
anoxic phases and it was found that DO was
about 5-7 mg/L, which confirmed the most
suitable condition for getting nitrification and
providing a good turbulence close to the mem-
brane module. The conventional values of air flow
rate in several MBR were reported in the range
of 1-25 m®of air/h/m? of membrane [15-17] when
it was compared with the value of air flow rate in
this study, 3 m®of air/h/m? of membrane, using
in the low range of air flow rate designed for
energy consumption. The DO concentration in
the MBR decreased slowly to 0.9 mg/L after
stopping aeration for 1 h due to obstruction of
microbial activity in MBR and long SRT, and high
MLVSS [18]. Specific microbial activity of
nitrification required sufficient oxygen as an
electron acceptor. Although the dissolved oxygen
concentration of the mix liquor is at a sufficient

level to maintain an aerobic condition, inefficient
oxygen transfer can be deriyed by increased fluid
resistance due to the high MLVSS concentration
and viscosity [19]. Thus the capacity of microbial
decreased to capture the remaining DO and
decreasing in the anoxic phase. Moreover, the
quantity of NO3 concentration did not use it in
the first priority as the electron acceptor. In this
study MBR the occurrence of simultaneous nitri-
fication and denitrification was also observed.
The optimum condition for nitrogen removal was
suggested by intermittently air flow rate with the
maximum and minimum of dissolved oxygen
between 2.0-2.5 mg/L and less than 0.4 mg/L.
[20]. The rate of énergy consumption in both
systems were about 0.12 kWh/m® and 0.09 kW.h/
m® for AS and MBR. The continuous aeration
and return sludge mode played an important
factors to be consumed a high energy in AS.

3.3 Transmembrane Pressure Variation and
Flux Production

Change in transmembrane pressure (TMP) in the
operation period of 29 days was investigated
according to intermittent aeration (anoxic 2 h/
aerobic 1 h). These are shown in Figure 4. The
working conditions of 10 L/min of air supply and
the permeate flux of 10 L/h/m? were maintained.

Figure 4 showed the variation of TMP. The
initial value of TMP was at 12 mbars. The evo-
lution of TMP was studied and thus the fouling
rate could be calculated in term of TMP/dt. It
was found that the membrane fouling rate was
0.78 mbars/d. For this fouling rate value the
critical time for cleaning the membrane may be
estimated. It will have nearly 600 days under
slope value from Figure 4, supposing that no rapid
fouling from biomass deposition takes place due
to high air flow rate at 10 L/min with a long relax
time of 2 h for the membrane in the anoxic phase.
The visual observation of membrane module
showed the accumulation of suspended solids,
oil and greasé and biomass in gel layer. The gel
layer plays a secondary membrane to reject the
soluble COD fraction. As mentioned by [21].
They studied this and pointed out that raising
the air flow from 2.0 to 4.0 L/min only reduced
the suction pressure rise by around 18% (22]
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Figure 4 Variation of transmembrane pressure in
MBR during first of 29 days

reported that intermittent suction and low trans-
membrane pressure helped to prevent irreversible
damage to the membranes. However, this studied
condition still faced with the slow increase of
TMP with time because the contribution of
small particles, macromolecules, soluble COD
and the nature of POME causing membrane
fouling while sludge deposition is also achieved
[13]. It appeared an important to differentiate
instantaneous permeate flux over average
permeate flux per day in term of energy
consumption as mentioned in above results. It
was found that the intermittent aeration could
reduce the unit of energy required more 6-8 times
than in the operation with flux continuous of
several reported MBR (0.8 kw.h/m” of industrial
scale of MBR) [23-24]. However, it should be
installed an anoxic unit prior the MBR for
achieving nitrate removal.

4.0 CONCLUSIONS

This study compared the performances of an
MER and an AS in the treatment of palm oil mill
effluent. The experimental units were fed with
the same source of POME coming from a grease
trap and anaerobic pond of a palm oil mill
wastewater treatment plant. The operating
conditions were set up and were favorable for
biological treatment and with a high performance
of filtration. The MBR was able to achieve better
organic carbon and nitrogen removal efficiencies

compared with the AS. To achieve more removal
efficiency in both systems the recovery or removal
of color will be investigated and implemented in
next study.

Microscopic analysis of biomass in the MBR
and AS systems showed that the characteristics
of the MBR sludge was composed of a floc size,
which was smaller 3 times than AS sludge. The
composition of microbial community in the MBR
after achieving a steady state condition presented
a large portion of free swimming cilia, a few
stalked ciliates and a few diatoms. However, the
AS sludge consisted of a high number of diatoms,
genus Nawvicula, indicating that the AS system
was usually in a high organic loading condition.
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