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Fungicide removal from water environment

using microbial fuel cells
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Abstract :

In this study, the removability and effects of isoprothiolane (ISO), which is a type of fungicide,
on exoelectrogens and electricity production in a microbial fuel cell (MFC) were investigated.
First, electrochemical cultivation (EC) was carried out under anaerobic conditions at +200 mV (vs.
Ag/AgCl) using a pesticide-free soil as a source of microorganisms for 8 days. EC produced a
maximum current of 6.0 nA/cm’® from 6 mg-ISO/kg water, which was higher than that produced
from 0 mg-ISO/kg water. After EC, 22% of ISO was removed from 6 mg-1SO/kg water. Next, for
water treatment, MFCs, which use graphite felts as electrodes and pesticide-free soil as a source
of microorganisms were polarized via an external resister of 10 () for 40 days at the following
concentrations: 6 mg-ISO/kg and 0 mg-ISO/kg. The MFC produced an average of 0.23 mW/m’-
anode with 6 mg-ISO/kg, which was significantly higher than that produced with 0 mg-ISO/kg.
Simultaneously, the MFC removed an average of 48% of the ISO present in the water samples. In
contrast, the concentration of ISO in unpolarized water with 6 mg-ISO/kg did not decrease. Genus
Geobacter, a type of exoelectrogen, was detected in the soil at less than 1% before using the MFC,
and was increased by polarization to 6% in the MFC with 0 mg-ISO/kg. However, it was detected
at 3% after polarization in the MFC with 6 mg-ISO/kg. These results indicate that MFCs can be

efficiently used to promote the fungicide removal from water and produce electricity, even though



the fungicide negatively affects the growth of the exoelectrogens.
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ENBKEIS AR, M. #EE RS A>T 03 (1], L2 Lad o, EFifIcHEh Ll
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HARZEGD T O 7ICB W TUIKEBIECHES KRHARZ <. & LETIREEOMEIHHIC K 5K
BREEOGRERREE > T B [4], 7z, BEILRZEMAE AR T 0ilids S u T, (KR
JETIEH 2 NRENVELUEEATSZ L8 H 5 (5. MBI AEHROERIL->T, 450
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g-lipid wt. TR X = EBI S & 2 (6], 7 Z T, KWL TIIERIRICEY S W72 K& & DR
PSR F A S B BT - s FEO—D & LT, MAEMRBE R (MFC) I2#5H L 7=,
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HACIRREIZ U 7= A2 SEOK FH OmERE T3 (B & 83.3%. pH 5.9)200 g% 930 mLAED 7 7 Z )l
IZAN, 9774 b7 2 b EASD S & 5 Bl (H%8.5 cm, JE X1 em) & TIEICHA 72,
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B U 720 SRR O BER AR X LIEVEL0 emd L3I — 128U L 72356 O FEUEfE FH 15 (6 mg/
kg) & L. BXRGEZOMRBIAREBEANREOMEICHEL 72, HlHE LT, BREAE* G 20K T
LRABRICEBXNEET 572, E56 SRFEMMIZSHM & L7z, BHROGEIZEMIAR D 720 14k
HWLTITH- 72,
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C18(%1.0 mm. £ X100 mm) ZHv, #EIZ0.1 mL/min, # J AWEIZ40°C & L7z, BEIHIC
A 0.01% FBABER/ 7T =PIV LO: D) HBLUB:0.02%FH7 X F=FVILEHN, 7
7YXV b &MFIZA 100%—30% (0-1043) . A 30%—0% (10-13%3). A 100 % (13-15%3) THHT
AT o7, BRENIEEIZIZAB SCIEX 4000 QTRAP (AB SCIEX ALY % Hivy 72, xFRUVE I
ESHEDRY 7 4 7E— FClllE L7z, EREERIE] ng/mLTH > 7=,
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7zo flH L 722DNAD & il 36 & OELIEMIF 0 16S rRNAEE 7OV 4RI (§9 300553 1)) % K21
I2L727 54~ —(5"-GTGCCAGCMGCCGCGGTAA-3" ¥ & 1’5’ -GGACTACHVGGGTWTCTA
AT-3") # W TMiSedHIc 74 77 VB 24T 5 7=, BB L 724 ¥ T 2 25085 D X7 = v
RIEATICHE L, BRI & Fh B EEM O FERER & HEE L 7=,
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3.1.2 BREHIBE

BWRIEFEICHI U 22U RS ORI KD A v FaF X 5 ¥ O OFEEIZ5 mg/LTh -
7o BXIEEHRDOA YV TuFF 7 VREE EEARE T3.9 mg/LT, 22% D4V 7uaFt 7
VHRE SNz, 1H Y720 OFRERE SEHEREFIRE T0.14 mg/L/HT, 1HH7202.8%D A v
TaFt 7 UngEEIni,

3.2 WAEMMF T

3.2.1 Bh4&E

FIUE i FH IR EMEFC, MR AIME C O 14 B ORFREZAL #X3A, BIZ/RL72e WFhOMFCE
WEERIBEREENRONLE L 57228 RAICHINL T, BE¥EGEHEEMECIZOH, MR A
MFCIZ4 A TZhZ AN TITH 50.68 mW/m*IZREL 72, HEHEREHIREMFCTIZZ D#%14H £
TEIVEESMEFF S N7z, MAHDRSMIIAME T UL BB TRHCIE0.1 mW/m* A FE KT L
720 MERHFF MFCTIZ8 H & CHEIAEENHERF X Nz pd, KD 72 NS I AME T % fdlii A
W5z, W W o ¥ ) R HE B P R S MEFC T 0.23 mW/m?”, JER I AIMFC C0.22
mW/m* T & > 7z, BE GBI BRI AEMIRO A RSB SN 720, WBEH» 5280 TIEMDZE
BEIT 57200 WTFhOMFCT ORI DT, TH - 72,
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BIE LA 515 5 N72Pmax DRFRFAE) % XI3CIZ/R U 7z, FEEUESE FH RS MEC T3 @& lia
2 57HTIZL4 mW/m*Td - 7245, HHK@59MWmiTLﬁbﬁO%®%HmﬁL5
mW/m* & TR E WA L7z, —. BGRRGE Al MEC TR @EERMEA 6 8H T2.7 mW/m 23 L 7278,
1%&ﬂ%u@iﬁd%6hfﬁ@*ﬁ?%otoL%#E%ETE@@%%%ﬁot@\D?h
DOMFCT & PmaxIZ[Al{E L &0 5 72,

3.2.2 BEBRE

MFCH DB D A v T aF+ 7 v O %X3DISR L7z, MFCl K USRHBIZHEA U 72 308K

BXIBEICHW LD LERT., 4V 7aF* 7 Y OREOFEIEILS mg/LTh > 72, FEUESE
JHREMFCTIZEET H T70% 2K & &N, 1.5 mg/LISE T L7z, 7Ok, FEUE S g
MFC T maa%afﬁ&ﬂ%qz%%:ﬁTbtoﬁ@¢®¥ﬁﬁ£ (R J FH R
MFCT48% T > 7=, xtH& L7z 1A L, @ % L OEUESEFHRE OB TIE, 4V T uF
* 7V OWPIERS N Hh 5Tz,

3.2 3B LB SRR

MFECIZHW 2 i D 3 i K OMFC (BEHERG IR . MR AL (ICH W =% 0 1, 5 1%L ET
Bt & M 7T IBEE ORI A2 & 1R L7z MECIZFHW S AT O 13E» 61334 D 2RI A1 % DL L
T S, WTFRE4%LUTTh o 72, MEEAIMECO 134 5132302408531 % DL TR
N7z, 10%LLE TR & 7z 2RI Bacteroidals B, Symbiobacterium)@ T, =M Z15%.
20% Td > 7z, FEUERGEHIIREMFCO 15 513250 RMA 231 % LA TRt 7z, 10% L ET
et X 7= AR E Sporomusal@. Desulfosporosinuslé T, TN EN32% &£13% Th - 7=, B
PER & U THIS 15 Geobacterf@ld. MFCIZFHW B D 1HETIX0.04% Tdh - 7228, BRHEAIMEC
DTHETIZ6% THRH iz, BEUEEFEREMECO TE 5 & 1XGeobacterfE 7 3 % TR X 47z,

4. EE
SOGEOMER, EREA ORI K TIZRATS.5 pA/e® DEFRAEFE SN2, Zhud, HiE

hOFERY A & BIRAEES TR I Nz, EMEREHERIE DA Y TaF i 5 v EETaRk

TR AT6.0 pA/em® DBV EE I N, ABEIRONE»r 5728 DD, AV TuF+ 7 v %
BUHNEOERAEEARN L 72, o, BREGEIC K0 EEHERHRE OGRAK A, 5 8 HMT22% D
AvFuFt 7 viREEhiz, ThEORER» 5. BERSRE T TO@EEICLDEINEEL LV
A4V TaF+ 5 VOBRENPTTEETH D, MECIZB W TR EMROMIRL/EFETE 3L EZ 5 Nhs,
fo AE it FH e MIFC,. IR 187 AIME C o i 28 BT RS v O 88 03 7 6 13 2 h 200,23 mW/m?, 0.22
mW/m* CRIFEE T H > 7258, HiR$ 2 & MR REMEFCOE A I A EISEWEE & > 7= (¢
Mg, p < 0.05), BRKGELFEMRIC, BREAMEFCIE LEhOGEM» o BHAEE Tz &
HEHxh, £V FaF:t5 v EEOMFCTIEA Y FaFt 5 v p»BHAEEIZES L2 GEtE 2R
e,

FEAEfE FHEREMFC T 21-28 HICH N AEEME T L 72, ZHUIIEEE IR EMEC TR B FHE DK
W (21-28 HHl#2) I2—3 L7z, ZORR»6 8, BREI N4y TuF+ T v RENAEFEICH]
HI & 7= aTBEME DS R X h 7z,



F2. MFCHEHNTD 1B XOCMFCHD LSRN Xh =M EY

bl ] Ijﬂ 23 B +TiE EREHIMFC 1R AR BEMFC
Unassigned |Unassigned Unassigned Unassigned Unassigned 1%
Crenarchaeota Thaumarchaeota Nitrososphaeraceae Unassigned 4%
Archaea Methanobacteria Methanobacteriaceae [Methanobacterium 1%
Euryarchaeota — —
Thermoplasmata Met) iliicoccaceae Unassigned 3%
Chlorobi Ignavibacteria Ignavibacteriaceae Unassigned 1% 3%
Sphingomonadaceae Kaistobacter 4%
Hyphomicrobiaceae Rhodoplanes 2%
Alphaproteobacteria Azospirillum 2%
Rhodospirillaceae [Magnetospirillum 1%
Unassigned 1%
Oxalobacteraceae Unass?gned»l 3% 1%
Unassigned-2 1% 1%
Comamonadaceae Unassigned 2% 2% 2%
Methylophilaceae Methy%otenera %
. Betaproteobacteria Unass}gned 3%
Proteobacteria Rhodocyclaceae Unassigned 2% 1%
Unassigned-1 Unassigned 1%
Unassigned-2 Unassigned 1%
Unassigned-3 Unassigned 1%
Unassigned-4 Unassigned 1%
Crenotrichaceae Crenothrix 2%
Bacteria oteobacteria |Moraxellaceae Perlucidibaca 1%
Unassigned Unassigned 9%
Geobacteraceae Geobacter 6% 3%
Deltaproteobacteria |Syntrophobacteraceae Unassigned 2%
Unassigned Unassigned 1%
Symbiobacteriaceae Symbiobacterium 20% 1%
Clostridium 2%
Clostridiaceae Caloramator 3%
Oxobacter 2%
Gracilibacteraceae Unassigned 2%
o Mogibacteriaceae Anagerovorax 1% 1%
N Clostridia —
Firmicutes Peptococcaceae Desulfosporosinus 13%
. Unassigned-1 1%
Ruminococcaceae "
Unassigned-2 1%
Sporomusa 32%
Veillonellaceae Unassigned-1 1%
Unassigned-2 1%
Bacilli Bacillaceae Bacillus 1% 1%
. . Thermoleophilia Gaiellaceae Unass?gned 1%
Actinobacteria Unassigned 1%
Actinobacteria Unassigned Unassigned 1%
Planctomycetes Planctomycetia Gemmataceae Gemmata 1%
Acidobacteriia Koribacteraceae Unassigned 1%
Solibacteres Solibacteraceae Unassigned 2%
Unassigned-1 Unassigned Unassigned 1% 1%
Unassigned-1 Unassigned 2%
Unassigned-2 Unassigned 4%
Unassigned-3 Unassigned 3%
Unassigned-4 Unassigned 3%
Acidobacteria Unassigned-5 Unassigned 1%
Unassigned-2 Unassigned-6 Unassigned 1%
Unassigned-7 Unassigned 1%
Unassigned-8 Unassigned 1%
Bacteria Unassigned-9 Unassigned 1%
Unassigned-10 Unass?gned»l %
Unassigned-2 1%
Blastocatellia Unassigned Unassigned 2%
Flavisolibacter 1%
Chitinophagia Chitinophagaceae Sedlm?nlbacterlum %
Unassigned-1 1%
Unassigned-2 1%
Bacteroidetes Flavobacteriia Weeksel laceae Chryseobacterium 1%
Unassigned-1 15% 1%
Bacteroidia Bacteroidales Unass?gned-z 2%
Unassigned-3 1%
Lentimicrobiaceae Lentimicrobium 2%
Verrucomicrobia |Spartobacteria Chthoniobacteraceae Unassigned 3%
Nitrospirae Nitrospira Unassigned Unass?g"edil 1%
Unassigned-2 1%
Others 54% 26% 21%

AE RS AT O RS H, B EPER T b 5 Geobacterld D #l A IZMFCIZ W 3 i H3ETiE
1%LLTTH o> 72h, BEREFAIMFCTIX6 %, e REMECTIX3% T, MFCARIZ LD
Geobacter|E D HIGHIM U 7z, LA LA 5, BREFIMECIZ R TREHE NE FH R MFC Tl
Geobacter)B IR L7122 &b, 4V TuF4+ 5 Vv OREEZT-LHE LNz, BERFEAIMEC
Tl Geobacterl& DEIEBENZE DS TENEEMONZ &2 b8, AV TuF+ 7 i8N
AEPEIZE G- L 72 T REMEAVRIR S 7z,

FEUENEFIRIEMEC D A D 5 13 % T & M7z Desulfosporosinusigld, WMBEETTEH TH 5, 1 VY
T F A TV (CuHis04S,) XM ERILEMTDH V. Desulfosporosinus@ 3Kk B2 6D 4 v 7o+

7 VBREICHFEG LEREREZ ohiz, 4V TaFt T v A HRIEE Lf@ﬁﬂ:?é: Lk
DAECEEFICKI2ENEEABEL TR, B4V TuFt sy IR E 722 &



T, BHNERELEFONMMA»HEE LWL E L SNl 7o, HEUERMAREMFCA, 513 £ &
VARIZBE D B EHE (Methanomassiliicoccaceae®t ¥5 & UMethanobacteriumlg) 734 % THiH, X 7=
e, BYPENEETIIARS X2 VAEKICEFH SN 0[5EERE 42 5z,

FHAK BB K Z IV 7Z2MFCTi340-1500 mW/m* DB AEELHE SN TS DIZHNR, K
FZEDOMECOE A PEIKAE (0.2 mW/m®) 2R L 72 [12, 13, 17, 19], MECTO®E A pE D 2B
K& UTHAEDRHERE, BMOMERHE. EARPEMORE L E2XZE T o5 (8], AWK T
\ Desulfosporosinus|g x> 2 5 v LR 75 E DAFAELISMZ &, O 7230 ARICHMIK 2RI L 72728 4
T VBENAE L, B TOBICRIGOHEE 2 DEHNEEMES Ko =ErE L boNh7
[26], F 7z, AW TIEIERNIZTREER LEZ EOBRMTHEFEICRERELZTH > ZLE2/EL, &
fli Z Pt 7 4 T— 2 — DA E&irbkhr o7z, BWHEEMES Lok
Eibohiz,

UL Lans, AKFEIC KD, BEER RS ORI A & £ 2 BEKOGE . BRI R IR
AN & 09T %4, MECIZ K D RAHIOERE & e U 22> 58I B T & % nTReME ARk
Iz, SHRIIMFCTORNAFERBA AR OB 2 84 2 & & 12, FEEROREPKIC
BEMORENEEIND T e b, AROREZGEOLHBIKREYAKT X 51T 2170, ik
PERANOEE S KOBEBNEERREORE L OBREEZM O NCT 52 LABETH 5, TERIIC
FEROBREE TMFCB #4795 1213, IEMCOEMEDO A 4 £ BHAEEZIK D &8 5 EHEAND
KL VETHELELZONS,
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