Bioelectrochemical denitrification using mediator
Tatsuo Yagishita, Rinako Miyano, Kenichiro Tsukahar
Shigeki Sawayama and Tomoko Ogi
Biomass Research Group, Institute for Energy Uilan,
National Institute for Advanced Industrial Scierarel
Technology
16-1 Onogawa, Tsukuba, Ibaraki 305-8569, Japan

In biological denitrification, certain bacteria usitrate as
the terminal electron acceptor in the absence pen.
Conventional biological denitrification needs exxes
amount of organic substrates such as ethanol atit ac
acid. In this paper, we demonstrate a bioelectnmited
denitrification using a mediator, which suppliedueing
equivalents to a denitrification bacterium.

Pseudomonas sp. IFO13302 was obtained from
Institute for Fermentation, Osaka. Bacterium wass pr
cultured at 30C for a day in IFO702 medium (pH 7.0)
composed of polypepton (161d), yeast extract (2+¢j*)
and MgSQe7H,0 (1 g1™), with 50 mg-M1™ potassium
nitrate. The cells were then harvested by centaifiog
(1,500%g, 20 min) and washed twice with a 50 mM
phosphate buffer solution (pH 7.0). Chronoamperoynet
was carried out using a potentiostat (HA-151, Hokut
Denko, Kanagawa, Japan). A carbon cloth (42em,
Model GF-20, Japan Carbon, Kanagawa, Japan), piatin
mesh (80 mesh, BAS, Tokyo, Japan) and Ag/AgCl were
used as the working, counter and reference elezdtod
respectively. The two-compartment electrolysis oelb
similar to that described previously (1). The warki
volume of both compartments is 10 ml. The anode and
cathode compartments were separated by an ion#egeha
membrane (Model Selemion CMV, Asahi Glass, Tokyo,
Japan). The cathode solution contained bacteriubydO
=1.0) and 2-hydroxy-1,4-naphthoquinone (HNQ) &f th
concentration mentioned in the text in 50 mM phagph
buffer solution (pH7.0), and the anode solution tinees
phosphate buffer solution. The electrolysis ceksav
applied —-0.7 V vs. Ag/AgCl reference electrode. The
cathode solution was agitated with §fas throughout the
measurements. The concentrations of nitrate anitenit
ions were determined by an ion chromatography (L&-V
Shimadzu, Kyoto) using a Shim-pack SCR-102H column
(Shimadzu, Kyoto).

Figure 1 shows the reduction of 60 mg-N/I
nitrate ion byPseudomonas sp. with various
concentrations of sodium acetate. At the conceatratf
more than 180 mg/l sodium acetate, 60 mg-N/| rétran
was removed in 6 hours. As the concentration o&tst
ion decreased, nitrite ion was produced. Nitrite was
reduced after nitrate ion removal. When the catheale
applied —-0.7 V vs. Ag/AgCI reference electroderaté
ion was reduced both with and without HNQ (Fig.8).
the absence of HNQ, nitrate ion was gradually reduc
By the addition of HNQ, nitrate ion removal was
accelerated and the concentration was less thamg1R/I
after 8 hours in the case of 0.5 mM HNQ. Denitdfion
activities ofPseudomonas sp. in the bioelectrochemical
cell were almost the same as that in the caseexithss
amount of acetate. Figure 3 shows the behaviouwént
during bioelectrochemical denitrification. Sincedad
HNQ was the oxidized form, substantial current was
observed without bacterium. In the presence ofdrach,
current increased to —0.2 mA at 0.1 mM HNQ and to
more than —0.5 mA at 0.5 and 1.0 mM HNQ. The
efficiency of electricity to nitrate removal was radhan

80%.
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Fig. 1 Reduction of nitrate ion with acetic acid

—— no HNQ —25— 0.5 mM HNQ
---N++- no HNQ, NO2- =+ 0.5 mM HNQ, NO2-
—O— 0.1 MM HNQ —{— 1.0 MM HNQ
++-0-* 0.1 mM HNQ, NO2- -0 1.0 mM HNQ, NO2-
70 T T T T T
60 T
Z 50 | 1
D
£
= 40 + y
2
S
= L J
E 30 u
g s
g A
20 t IRea 1
O SXXA o
10 "
0 st 9 =
0 6 8 10 12
Time /h

Fig. 2 Reduction of nitrate ion by bioelectrocheahi
system
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Fig. 3 Behavior of current during bioelectrocheahic
denitrification



