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Abstract

Nitrate contamination of water environments can create serious problems such as eutrophication of rivers. Conventional

biological processes for nitrate removal by heterotrophic denitrification often need additional organic substrates as carbon
sources and electron donors. We tried to accelerate biological denitrification by using bioelectrochemical reactor (BER) in

which electrode works as an electron donor. Denitrification activity of 8 environmental samples from various sediments,

soils, groundwaters, and sludges were tested to establish an efficient enrichment culture for BER. The established enrichment

culture from a soil sample showed stable denitrification activity without any nitrite accumulation. Microbial community

analysis by using PCR-DGGE method revealed that dominant denitrifiers in the enrichment culture were Pantoea sp.,
Cronobacter sakazakii, and Castellaniella defragrans. Denitrification rate (0.08 kg/m’-day) of the enrichment culture in BER
with electrode poised at -0.5 V (vs Ag/AgCl) was higher than that (2.1x 10'2kg/m3-day) of BER without any poised potential.
This results suggested that biological denitrification would be improved by supplying potential throughout electrode in BER.

Further research using BER without any organic substrate addition is needed to apply this system for bioremediation of water

and wastewater contaminated by nitrate.
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Fig. 1. Schematic diagram of bioelectrochemical reactors
for reductive degradation of contaminants.
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7RF7HE 2(121°C, 15 min)oj| A Hatgt ui#] 49
mL-& 718kl ZF Al 1 g(FEs= 1 mL)& A|F3I3ict.

Table 1. Anaerobic medium composition used in this study

Components Concentration (g/L)
KH,PO, 2.0
K,HPO,4 1.0

KNO; 0.78

Glucose 1.0

MgSO4 - TH,O 0.1
(NH4)2S04 500 pl/L
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Table 2. PCR primers used in this study
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Z kit(Power Soil DNA, MO BIO Laboratories, Inc.,
USA)E ©|-§5to] DNAE F+E31311L, % ¥ DNA
ZEE 16S IRNAARE $E317] 93t polymerase
chain reaction(PCR)-& A A|3}% 2™, PCR AHE2
Aro 2 DGGEE AAJ5}4th PCR 42 0.5 mL &
Hoj 10 x Taq buffer 2.5 uL, 10 mM dNTP 10 pL
Eub 10F 0.25 pL, Eub 1400R 0.25 pL, Taq DNA
polymerase (Solgent Co., Korea) 0.125 uLE 75}k
A Waks W7kslel % 5 50 L7} HE
=2 A Z3} k. PCRE ¢35t primer+= Eub 10F2} Eub
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HAIE PCRARZS BB a]0] =2 ALs1o] DGGE
(Denaturing Gradient Gel Electrophoresis)& 93} 2
Z} PCR-E 4345149 2.1, primer2 GC clamp”} 44]

Primer Target Sequence(5'-3") Ref.
Eub 10F Eubacteria AGA GTT TGA TCM TGG CTC AG Weisburg et al.(1991)
Eub 1400R Eubacteria ACG GGC GGT GTG TAC AAG Nishimura et al.(1993)
Eub 340F(GC) Eubacteria(V3) CCT ACG GGA GGC AGC AG Muyzer et al.(1993)
Eub 518R Eubacteria(V3) ATT ACC GCG GCT GCT GG Muyzer et al.(1993)

GC clamp sequence : 5'- CGC CGC GCG GCG GGC GGG GCG GGG GC-3'
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Table 3. PCR condition used in this study

Primer PCR conditions
Eub SF/1392R 9 min 95 C? followe:i 30 cycle of 1 min at 95C, 1 min 53°C, 2 min 72°C followed by a 10 min
final extension at 72°C
Eub 341F(GC)/518R 9 min 95C, followed 35 cycle of 1 min at 95C, 1 min 55C, 2 min 72C followed by a 10 min

final extension at 72 C

%l Eub 340F2} Eub 518R-S ©]-83}tHTable 2).
PCRZZ-2 Table 337} Zt}l. DGGEE $J5}9] 30-60%
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Fig. 2. Nitrite and nitrate concentrations in the denitrifying
enrichment culture during the enrichment process
(O, NOs-N, @, NO;-N).
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Table 4. Denitrification efficiency and accumulated nitrite concentration in bacterial cultures inoculated with various

environmental sources

Denitrification Accumulated

Inoculum Characteristics Efficiency NO;-N Conc.
(%) (mg-N/L)

SE1 Sediment from Nakdong river 70.5 0.5

SE2 Sediment from Nakdong river 80.6 0.3

SO1 Soil from near the Oncheon river 78.1 0

SO2 Soil from near the Mirinae valley 78.9 0.7
GW1 Groundwater from near the plants 62.5 0.5
GW2 Groundwater from near the plants 63.3 0.8

ACS Activated sludge from sewage treatment plant 83.6 1.5
ANS Anaerobic sludge from sewage treatment plant 78.4 0.3

(SE: Sediment, SO: Soil, GW: Groundwater, ACS: Activated Sludge, ANS: Anaerobic Sludge)
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Table 5. Taxonomic identification of DGGE bands extracted from the PCR-DGGE profile shown in Fig. 3

Band

Access  Similarity

name The closet sequence Phylum No. %) Function Ref.
Pantoea sp. enrichment culture clone . Reduce nitrate to Zhang et
D1 teobact 27390 99
YFZ27 Gammaproteobacteria GQ273907 nitrite al2011)
D2 Pantoea sp. FCTS 303 Gammaproteobacteria JQ917456 100 nitrate reduction -

D3 Castellaniella defragnans strain ST4 Betaproteobacteria ~ FJ982930 97

nitrate reduction

o) MES Zdatel Q71 4RL BAT Ak
AAE BsHs Selo] g n4EUS 3R
F = 1At Table 5).

QP A0S AR LR 11817 S5 3hiopol )
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