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Abstract - The leachate is a complex wastewater. The treatment is very difficult. For this reason, new technologies are being 
investigated day by day for the treatment of leachate. Recently, a new technology, the SMEBR system, was the first 
treatment for the treatment of high leachate. In the study, the SMBR system and the SMEBR system were run at the same 
time comparatively. Aluminum electrode was used as anode and cathode. Under the current density of 24A/m2at 15 min 
exposure time, the SMEBR system and the SMBR system were operated for about 40 days. The influence of electric current 
on TMP during the operation period has been evaluated. According to the results obtained, the TMP value of the SMEBR 
system was found to be lower than the MBR. Accordingly, it has been shown that membrane fouling was less in the SMEBR 
system. 
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I. INTRODUCTION 
 
Sanitary landfill generates a large volume of heavily 
polluted leachate. Leachate contains high amounts of 
organic compounds, ammonia,refractory compounds 
(humic and fulvic acids) and heavy metals and 
sometimes contaminates ground and surface water 
(1).If directly discharged,leachate causes serious 
pollution to water resources. To reduce pollution 
content in this kind of wastewaters, complex 
treatment processes are designed from 
physical/chemical techniques to biological treatments 
and/or several combinations of them. Membrane 
bioreactors (MBRs) are the combination of activated 
sludge sewage treatment and microfiltration (MF) or 
ultrafiltration (UF) membranes, with pore sizes 
ranging typically from 10 nm to 0.5 μm. They have 
expanded its presence in various industrial and 
domestic wastewater treatment applications. Besides, 
It offers numerous advantages over conventional 
activated sludge processes such as water reuse, less 
space requirement due to elimination of settling 
tanks, and independence of process performance from 
filamentous bulking or other phenomena effecting 
settleability (2).MBRs are utilized to treat leachate 
wastewaters effectively. The removal efficiencies for 
COD and ammonia nitrogen were 99% and 58.5% 
(3).However, MBRs have some disadvantages. One 
of these, membrane fouling. It is still considered as 
the major problem hindering the wide applications of 
MBRs. It refers to the deposition of feed water 
components and other impurities produced in the 
bioreactor onto the internal and externalfeatures of 
membrane surface. Therefore, it is leads to a decrease 
in the permeate flux, an increase in the trans-
membrane pressure (TMP), and finally,a reduction in 
the treatment process performance (4).  
 
Recently, electro-coagulation process combining with 
MBRs has caught the attention of researchers because 

of its potential lability to mitigate fouling. Contrary to 
conventional anti-fouling methods in which chemical 
coagulants are added directly to MBRs, this 
promising technique can counter fouling by 
simultaneously integrating membrane filtration, 
electro-kinetic phenomena, and biological treatment 
into a single system (5). The system which SMEBR 
technology was based on applying an intermittent 
direct current (DC) field between immersed circular 
perforated electrodes around an immersed membrane 
filtration module. Bani-Melhem and Elektorowicz(6) 
reported a number of advantages of the designed 
SMEBR system. 
 
In this study, high leachates, SMEBR and SMBR are 
comparatively operated approximately 40 days and 
effects on TMP of electric field are researched.  

 
II. DETAILS EXPERIMENTAL  
 
2.1. Materials and Procedures 
In the present study, a lab-scale submerged electro 
membrane bioreactor system was installed and a 
reactor that is 60 cm high, 19 cm wide and has a 5 L 
working volume. Cylindrical and perforated 
aluminum electrodes are used in order to obtain a 
homogenous mixture in anode and cathode inside the 
reactor. The cathode electrode has a surface of 238 
cm2 and (15, 6% perforated) the anode has a surface 
of 238 cm2 (73,3% perforated). The diameters of the 
electrodes used for cathode and anode were 5 and 
15,8 cm, respectively and the distance between the 
electrodes was 5,4 cm. The electrodes were 
submerged 18 cm at the bottom in the activated 
sludge. The DC electric current was delivered to the 
system via an external power source and applied 
electric field was 24 A/m2 at 15 min exposure time 
(daily 3 min)The hallow fiber membranes has 
0,4µpore diameter are used in MBRs. TMP meters 
connected to these membranes TMP change in 
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SMEBR and SMBR systems were monitored 24 
hours a day. 
 
III. RESULTS AND DISCUSSION 
 
Figure 1 shows the increase in conventional SMBR 
and SMEBR in daily TMP.Duringthefirst 20 
daysthesystemwasappliedelectricfieldat a 

constantcurrentdensity of 24 A/m2. As seen in 
thegraph, theincreaseTMPin conventionalSMBR and 
SMEBRwasobserved in thesamedirection. Since the 
leachate has a very different character than other 
wastewater, different operating problems have been 
encountered. Due to these problems, TMP has been 
affected from time to time. 

 

 
 
Figure 1. TMP increase in SMEBR and SMBR as 
Daily 
1: Foaming in reactors 
2: Membranesarecleanedwith tap water 
3: Membranesarecleaned as physical + chemical 
4: Foamingandthenowerflowing 
5: SMBR arecleanedwith tap water. 
 
10 days, the level of water in the reactors, which is in 
the form of bubbling at the reactors, has decreased 
and therefore negative pressure has increased in the 
membrane. After the prevention of foaming, TMP 
continued in the normalvalues.12 days, the biofilm 
layer of the MBR was observed to grow around the 
membrane and cleaned under the tap water. 
Approximately 15 days later, the two membranes 
were fouling and cleaned as physical + chemical. 
 
During the first 20 days there was no obvious 
difference between SMBR and SMEBR. For this 
reason, the current was doubled in a day (daily 3+3 
min at 24 A/m2).Positive ions were given to the 
electrodes through the current supplied to the 
electrodes. These ions combine with negative charged 
ions to ensure destabilization. It also increased 
flocculation in activated sludge. Membrane fouling 
was prevented by this increased flocculation. 
Accordingly, SMEBR was significantly lower than 
the SMBR in the TMP increase. 
 

CONCLUSIONS 
 
In this study, the effect of the electric field on TMP 
increase during the treatment of organic leachate with 
SMEBR system was investigated.The two reactors 
together with the control reactor were run on 
comparable conditions for about 40 days.During the 
first 20 days, the current was supplied to the SMEBR 
through the HRT for a total of 15 min at a current 
density of 24 A/m2.No difference in TMP between 
the two reactors was observed. However, when the 
current was doubled (30 min), an obvious difference 
was observed. Because of the operating problems, the 
increase in TMP has been observed and then the TMP 
has been at its normal level. 
 
As a result, the applied electric field had a positive 
effect on TMP and prevented membrane fouling at 
very good levels compared to conventional MBR. 
 
ACKNOWLEDGMENTS 
 
The financial support from Scientific and 
Technological Research Council of Turkey 
(TUBITAK), 1002 Short Term R&D Funding 
Program Project no: 115Y038 is acknowledged. This 
study is a part of this project. The authors are also 
grateful ISTAC Odayeri Solid Waste Landfill Plant 
for their collaboration. 
 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009,          Vol-5, Iss-3, Spl. Issue-2 Sep.-2017 
http://iraj.in 

Effects on Transmembrane Pleasure (TMP) of Electric Field during Treatment with SMEBR of High Leachate 
 

68 

REFERENCES 
 

[1] Christensen, T.H., Kjeldsen, P., Bjerg, P.L., Jensen, D.L., 
Christensen,J.B., Baun, A., Albrechsten, H.-J., Heron, G., 
2001. Biogeochemistryof landfill leachate plumes. Appl. 
Geochem. 16, 659–718 

[2] Brindle, K. and T. Stephenson. 1996. The application 
ofmembrane biological reactors for the treatment 
ofwastewater. Biotechnology and Bioengineering 49(6): 
601-610. 

[3] Galleguillos M., 2011. Optimisation of Landfill Leachates 
Treatment by MembraneBioreactor. University of Liège, 
Ph.D. thesis. 

[4] Nagaoka, H., Yamanishi, S., Miya, A., 1998. Modeling of 
biofoulingby extracellular polymers in a membrane 
separation activatedsludge system. Water Sci. Technol. 38 
(4-5), 497–504. 

[5] Elektorowicz, M., Hasan, S.W., Oleszkiewicz, J.A., 2011. 
A novel submergedmembrane electro-bioreactor achieves 
high removal efficiencies. J. WaterEnviron. Technol. 23, 
60–62. 

[6] Elektorowicz, M., Bani-Melhem, K., Oleszkiewicz, J., 
2009. Submerged MembraneElectro-Bioreactor – 
SMEBR, US Patent 12553,680. 

 
 
 
 
 
 
 
 
 

 


