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Bioelectrochemical systems for Low Strength Wastewater

Treatment

Oh Gyung Geun

Department of Civil and Environmental Engineering Graduate School of

Korea Maritime and Ocean University

Abstract

Biological treatment of wastewater is an economical green technology,
however, the effluent water quality of a biological wastewater treatment
facility is affected by the characteristics of hydraulic flow in a reactor, the
growth of the microorganisms, driving factors and environmental factors.
Hence, the efficiency of wastewater treatment facilities is most likely low and
the quality of effluent water does not meet the water quality standards.
According to a recent research report, Bioelectrochemical techniques can be
reliable for treating wastewater with low concentration of contaminants by
applying a small voltage between the anode and cathode in a reactor. In this
research, we propose an alternative technology for improving the quality of
effluent from a sewage treatment plant, viz, Bioelectrochemical systems. The
study contents are as follows; i) effect of applied voltage, ii) effect of

hydraulic retention time, iii) effects of shock loading - flow rate and

- vil —



concentration, iv) validation studies using effluent from sewage treatment

plant, v) optimizing the electrode potential.

Initially, the applied voltage was varied (0.6V and 0.8V) and HRT was
maintained at 1 hour, the reactor efficiency was not affected as the COD and
T-N removal percentages were 87% and 30% respectively at both the applied
voltages. Later, when the HRT was varied (lhr, 30min, 15min), the COD and
T-N removal percentages were 87% and 30% respectively irrespective of the
applied voltage (0.6V and 0.8V) but when the HRT was 10 min, T-N removal
percentage decreased to 23% at both the applied voltages. The concentration
of influent was varied (high: 95.7 mg/L COD & 41.6 mg/L T-N, low: 10.0
mg/L. COD & 11.1 mg/L T-N) to subject the reactor to shock loading. The
reactor required a recovery time of 4 hours for high concentration and 2
hours for low concentration. The recovery time was neither affected by
voltage (0.6V and 0.8V) nor HRT (30min, 15min). After recovery from high
shock loading, the COD and T-N concentration in the effluent were 10.3 mg/L
& 36.3 mg/L, respectively. After recovery from low shock loading, the COD
and T-N concentration in the effluent were 54 mg/L & 7.0 mg/L,
respectively. The reactor was then fed with effluent from Y sewage
treatment plant. the effluent contained 11.5 mg/L COD & 14.1 mg/L T-N but
after treatment it was reduced to 5.8 mg/L COD & 12.3 mg/L T-N. The
electrode potential was also varied to enhance T-N removal using a reference
electrode (Ag/AgCl). Anode potential was set to 0.6V but cathode potential was
varied (-0.3V & -0.4V). COD removal was not particularly affected by change
in cathode potential, although T-N removal percentage increased with increase
in cathode potential, viz, 38% at -0.3V and 47.5% at -0.4V.

KEY WORDS : Bioelectrochmical systems A§&77]38}8 Al2~&l; Microbial electrolysis cells
n| A EA3) 7 #); Hydraulic retention time <2]8t& A|FAIZkE Applied Voltage between
electrodes ?17F %k Shock loading %28k Nitrification 4k} Denitrification &

— viii —
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Table 1 Discharge standards for the sewage treatment plant in korea

Ecol
Division BOD COD ss T-N T-P MPN t;;ffy
mgll)  (ngl) (g (g) (gl Ghal) y
(TU)
Area | $5 <20 <10 <20 0.2 <1,000
>500ni/d  Areall <5 <20 <10 <20 <0.3
Areall <10 <40 <10 <20 0.5
ArealV <10 <40 <10 <20 2 <1
<3,000
<500nt/d, >50nt/d <10 <40 <10 <20 Q2
50 /d <10 <40 <10 <40 4

* Sewage treatment plants with a capacity of less than 500mi/d was operated under old
effluent quality standards only for T-N (K60mg/L) and T-P (<8mg/L) during winter (Dec.1~ Mar.

31) and will be operated under the same standards until Dec.31.2014 after which new standards

will be followed.

Division Scope

a. Protected areas of water source according to Article7 of [Water service law |
b. Special protected areas of water conservation according to Article7(1) of
[Basic Environmental policy law |

c. Riparian zone according to Articled(1) of [Acts of Han river water quality
improvement and social support], Article4d(1) of [Acts of Nakdong river water
management and social support], Articled(1) of T[Acts of Geum river water
management and social support] , Article4(1) of [Acts of Yongsan river & Seomjin
river water management and social support ]

Area |

d. Areas where rivers inflow to Saemangeum project area according to Article2(1)
of [Special laws of the Saemangeum project promotion J

Medium influenced areas according to Aticle22(2) of [Laws of water quality and
ecosystem integrity] which also have COD and T-P values closer to or higher
than the standard according to Article24(2) of [Laws of water quality and
ecosystem integrity |

Areall

Medium influenced areas shown in Article22(2) of [Laws of water quality and
Arealll ecosystem integrity] which are close to Han, Geum, Nakdong, Yongsan and
Seomjin river.

ArealV Except Area I, II, Il
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NH, + %OQHNO({ AG = 15.4—20.9 keal/mol 2)
2l (DF Q= AxFEES 233 208 b5 2 Qo] F2 o] §dTh
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Fig.6 Placement of the packing material and electrodes in the bioelectrochemical
system: 1) Anode, 2) Separator, 3) Cathode, 4) Activated Carbon and 5) Titanium wire
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Table 2 Synthetic wastewater composition used in this study

Components Concentration(mg/L)
CH3COONa 1

Na;HPO, 1.83
NaH2POq4 0.98
KCl 0.052
NH4Cl 0.611
NaNO, 0.02
KNO3 0.26

* COD and T-N concentration is 40mg/L and 20mg/L.

Table 3 Percentage of Nitrogen compound

Components percentage(%)
T-N 100
NH,"-N 80
NO; -N 4
NOs;-N 16
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Table 4 Factors for low-strength wasterwater treatment

Concentration
Factor System Voltage HRT
COD(mg/L)  T-N(mg/L)
Applied Systeml1 0.6V lhr
Voltage  qyqrem? 0.8V 1nr
lhr
30min
Systeml1 0.6V )
15min 40 20
10min
HRT
lhr
30min
System?2 0.8V )
15min
10min
Shock Systeml1 95.7 41.6
Loading 0.8V 15min
(Conc.) System? 10.0 11.1
Shock Systeml1 95.7 41.6
Loading 0.8V 30min
(HRT) System2 10.0 111
Wastewater Systeml 0.8V 30min 11.5 12.5




FAATY Mo WstE Il gHEE e AFE 5 J1EHF
(Reference electrode)E ©]-&3ste] AFFastdom, o wo] AtsH =29 ¢
= 0.6VReH, =9 A= -300mVel -400mVe]tH(Table 6).

Table 5 Modification of Denitrification efficiency in Bioelectrochemical systems

Anode  Cathode Concentration
Factor . . HRT
potential potential COD(mg/L)  T-N(mg/L)
1 -0.3V
0.6V 15min 40 20
2 -0.4V
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ZF -0.01V ¢} -0.215VE eyt

Table 6 Potentials of anode and cathode of BES applied to 0.6V(a) and 0.8V(b)

Anode Cathode

Factor . .
potential potential
system 1
. 0.610V -0.01V
(applied 0.6V)
system 2
0.615V -0.215V

(applied 0.8V)
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Table 7 Potentials of anode and cathode of BES applied to 0.6V(a) and 0.8V(b) by
changed HRT

HRT 1hr HRT 30min HRT 15min HRT 10min
Factor
Anode Cathode Anode Cathode Anode Cathode Anode Cathode
potential potential potential potential potential potential potential potential
system 1
. 0.610V -0.01v 0.605V -0.005V  0.617V -0.02V 0.602V 0.01v
(applied 0.6V)
system 2
) 0.615V  -0.215V ~ 0.616V -0.198V. ~ 0.603V -0.188V  0.608V -0.20V
(applied 0.8V)
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Fig.14 Changes of COD for the BES with 0.6V(a) and 0.8V(b) of changed HRT
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Table 8 Potentials of anode and cathode of BES by shock loading

HRT 15min HRT 30min

Factor High Conc. Low Conc. High Conc. Low Conc.

Anode Cathode Anode Cathode Anode Cathode Anode Cathode
potential potential potential potential potential potential potential potential

system 1

y' 0.605V  -0.005V  0.607V  -0.009V  0.601V  -0.011V  0.597V 0.018V
(applied 0.8V)

system 2

) 0.611Vv ~ -0.221Vv  0.615V ~ -0..213V  0.623V  -0.193V  0.616V  -0.215V
(applied 0.8V)
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Table 9 Potentials of anode and cathode of BES

HRT 15min
Factor
Anode Cathode
potential potential
applied 0.8V 0.609V -0.189V
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