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{ SUMMARY )

Purpose &
Contents

Organic carbon stabilization and hydrogen peroxide production from various types
of synthetic wastewater using electrochemical processes and their on-site
applicability coupled with specific biomass for phycoremediation processes was
investigated. We designed the proposed experimental plans with scientists at
collaborative organizations. Microbial electrochemical technologies use
microorganisms to catalyze different electrochemical reactions for generation of
electrical power. The technologies take advantage of microbial interaction with
solid electron acceptors/donors to convert organic compounds into electricity,
which is then used to produce energy and other value—added compounds through
electrochemical or electrosynthetic processes. In contrary, phycoremediation with
algal biomass is an emerging technology that employs living oxygenic
photosynthetic microbes to fix CO, and simultaneously remove inorganic nutrients
from waste waters without the mediation of heterotrophic microbes. H.O, can be
electrochemically generated by oxygen reduction reaction using microbial
electrochemical systems. Several studies have shown that it is possible to
synthesize H»0,. In the proposed work, electrochemical technologies,
phycoremediation process, and their combinations were evaluated. In addition to
the robust production of H20., and its on-site applicability coupled with UV
irradiation was investigated for wastewater treatment in the context of advanced
oxidation process.

Results

Qualitative and quantitative investigation was conducted on evaluation of the
effectiveness and mechanisms of various physicochemical treatments for
wastewater reuse. The results from the proposed study was compared to previous
reports regarding the capability of destroying both pollutant molecules and
pathogen cells in wastewater. Our results indicate that the bioelectrochemical
production of H»O, and its application to on-site wastewater treatment is highly
feasible as a safe and inexpensive technology to improve the biodegradability of
refractory organic matter and attenuate emerging contaminants while reducing
energy consumption.

Expected
Contribution

The research outcomes will provide useful information regarding sustainable
wastewater management as electrochemical technologies can help transform
energy—consuming wastewater treatment processes into energy—efficient and
CO.—neutral processes.

Keywords

Water resource Energy Decentralized

Water r . e .
ater reuse diversification efficiency system
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Bt chorst £EMM SEoIM 4Bl i3t NYSHS 2 CBZE XNESV2 YT
O Clofibric acid, diclofenac, gemfibrozil, naproxen 1 &7 LA 1822 £F/F=+= CBZ=
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2 150
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[2& 12] cHatd==of St oz} etELHdoz Y= 0.22 ym MF HEgelel AEAMH =ZHo
e oitds =54 s HEel(s) & oy HEl(D).




O oy gigsdoz 2HE ZsM HErele 22 =2|/H M- mE HditMds Jfdans=
60% D|Pte 2 ZAFoLL 49| pH 9~11 Helel LZe|M AEMY ZI == 12 A2t S
ob W 81+5%2 {52 3 F3IU20, 0lF 48 AlZIHA| AEMEE XHstHEIE F
782l oM 59| A S M E D= LB 25

O pH 12 =742 AEMAEE HMelstH 2ZE Zel MAE =7 s HERelel ofitd s
3|=g0| AE 24 A7k EE 1 0|4 S0 68+5%2 OIMNS =S LA L5N Yo
olo] AeECH diiHez =2 HUX|ZIsME LIEHY.

O odzMs JHMdE oo ALEE HEe2 25 PVDF MEZE oo &t skt Fol= HER ¢
FHol stetd A SMof| w2t FFM Ee AxMo=2 FESN, XM HEzelel HR
pH 12 Z=ZoAM o1t s0| 2358 #X S| Xst=lof S/F+TE o8 =28 MAEE 2ot
S ZmAb=[of ZdZzlof et LHEAIMOol s HER Qo Hlsf MHMoR 2 W=
o=l

100 12 100 12

> 80 T + 11 - 80 + 111
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3 60 + +10 3 60 + L 10

) T e %

> o > o

E 40 + +9 E 40 + +9
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o o !

0 e — — O 7 0 % — — S 7
0 12 24 36 48 0 12 24 36 48
Cleaning time (h) Cleaning time (h)

(28 13] chareisol tHet of 3t gr=sdoR oo
e oTHMS BBEN: FS4 el

2 um MF B=aelel slol2uly xziof
s YEel(R),

O =0zt oz HE 2HE HE e B9 =28 MIRI A s| daghl o2t 2+
M stetMgol 235 ol mE 2USCH AFFALE0 et FE 2 HALY S o4z F
X F0o| ol 2 nHoME ol2fEt 2 Eelstod ZHdX sstME S sasto] of oM
s AlHZ7tstt oM E 7[HE MAIE.

O & H44 H=eolo] vlo| MY A7k Aol what BEY slolenfjA YFozRE X4
ol pH Z7} sAto| HOIE|onf, 5% 24 AlZH St B 80% 0lake| ofTHH S 3=
HOR ZAIE

O Uhe, 48 AIZIIIX| MIEAIZEZ FIB3HE A2 2388 0IRAS 2280 U2sts ANE LIE
Hton, ol M FEMFoIAl BHQI5H Blet ZO| pH 112 EWste 29 244 Hoaol
ool shets SMo| WE ol w2l 220l I ULsto] FNS MMSHE Ho2 B
EI:II

O Solst vlo|2ME =M 244 Yuslolo] AP MEAIZ Aol the Maxel ouys
slmgo| Zolste W2 mAlEgIoLL, Ao) 48AIZH SoF B 60%0I5t0 M HME
BE Uepfo] ZEN MSUSTHO MR S o2 BIIE.
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1 Percent cell viakility @ pH
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O Scenedesmus quadricaudaS O|-&35t03 CO, ™I} Ao M7[2 HElZ oHXIE sl & £
= Bio—photovoltaic cell(BPV)ES &gt
O AtstM=23p skel™M 20| s HISZTEE ZRsl= ChAIE  dHE ldony AsIRMZS S

= 835
quadricaudadl 2l&ll MXIE Ho| Eelzo] sEIMIoME AAERIEES(0RR, oxygen reduction

reaction)0| 2oL} MI|E MAS

T

£ ¢| photo response
0.2 1 SHE .

Total voltage|
0.1 dark voltage

0.0 + : : : ;
0 1 2 3 4 5
Time (days)
[3819] S. quadricauda®l dark/light Z=Z10llM 2| OCV HE ESHM (&) 2 12A|ZF dark/light
=Ho M2l OCVY EXHZH=R)

O [A819]dM & F AUXO0| BG-113W &of| D|M=FE FRAIZ|LD
| E

ﬂJ|0

HOCV, open circuit voltage)2 &
M SIS MEZo| TystMol o5 oF

O S. guadricauda®l Ztol| st M7|S8ES &
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EE: el ol off x| 5|5 (2 Mg 1000Q. 22t 12 Al
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O [28 20]9 cubic cell AgolA stlXM30| ARl 2|x[5101 CH7| Bl =&=HH U=

CH 1.3 pA, 1.9 mA/m%)el &< AEXEH10Q)0l L‘*OP =2 AFIF 2ME ez o

[at=[AS
Lt 1000Q2 HF2=(Z|Cf 2.5 YA, 3.6 mA/m?) HEC} @42 MFIF EXE.

O 53| s™Zo| ARl UxIsP E B il 2IxIsh ABIMT EH| Hlo| oo ofsf
Mt 7|21 NI 2HE R E 2o EAMIe FEHAM0| st 28I el stod
=3 M3 uix2t B 5 fls.
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mo/L ZZolM M M5 HIIE FUsIYSN, 42 0lF 2442 AXEY SlofA kYol
OCV MAo](205~221 mV) 7t=35t9 2.
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12 1 400
S
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] . S 300
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T
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c
<
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[O8 22] % A&/ 2 2HEHE (2 2 7Y whE anode potential ()

O 28 7| 24A|7t ASZTY sjollM HI|OILXIE X&KMo 2 3|4 slnAl slgoLt Mas 233
A

M3l Zastod 58 1Y ¥ &3 Zfol 2F 0.10 uwW/m® 22 LER.

O o] & 12A|ZF light/dark =2tF7|2 ST HENE TEksto] 2= MEho| vlsE 5
EMOZ FIISIH o (~11uA), HH2=2] anode potentialz Z-A=ZHoM Hsist=
Ef=t

7= A
nez L
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cycle 1 cycle 2 cycle 3 cycle 4 cycle 5 cycle 6 cycle T

Maximum power dansitytm'm'm:j

012
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2 4

Current density (mA/m?)

[O2& 23] Light/dark =2tF7] dhso| W2 AMSM2 HAME My (x) 2 Mdydzd2i=(2)

O Zghol 0.10 W/m?® oI H ZHe A&sXMoz ALsl¥on] A 3.08 pW/m® 7HX| 76+

O Zetd MEZFo o5t dlHX] 32 2-& Alolof LXSH A I} &eledon] &A-E =A
offAl CO, ™I SAloll M7|o|HX| 357} JtsstHEIE 2SS HMoE =2 7oK
3ot J7tsE.

O m2bA bio—-photovoltaic cell?] = FHS 2leiM= ExE =AM O MsS HItstofof st
i, otz MIil=l= Mes™It T2 EZd w2l dYIIHASZE FEANEH H37|e| MUAS FH 0]
M S Adstl J7HE =2 U2 Flste] ziiE86H8 &8
® BF37|= 7|80 HZEHN JUE AREXMEV|E 2elstn HEAel OCvZE /XIE wiakx] Z|ch
=
= -

@ OCV7t eHdxMoz /XM H37|E JHHMET|f HE|D[E AT

® XM&HR)= 30, 50, 100, 500, 1000, 5000RL 2 H3lsin, 2t =HES 202 FAIoHHA{ ghA
= MeH(V)E2 HEo|HZ ZUEF.

® Ze|HE(=V/R)2 o|&35to] Mt Xets 0|35l MF4E LHES

® MH(P)= P=V+I& 0|&35I0{ AHitstn FMMUT= H2T]0| AT sM 32| 37((0.02
m?) 2 LHEo| AES(MmW/m? = pW/m?).

® zZItH&EH2 2t e 22 M AEXE BAM JHE 2 g2 F &

@ A7| AlEoM & 5T power density curveE [1823]0l LIERY

BAAazx M2 0™ n|MES o8t MoK H0, MAH 2 |72 A A
S 00 |
50 B } x:gg; -0 |

INECO03
s,. - ~ WEcot | ’C—”““":“,
-0
Fy
:‘ -0e |
neoo
) -—cemmmcommes WECO3
0 ] WECOY
0 'S j i
oo 0 2 10 i S0 b4
0 2 10 {2 S0 b1
e (i e ()
[38 24] Anode potential —0.2VollAl T = (cathode) HME MFLE(E) 2 cathode

2)

potential(
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AMEPH= M2|(Anode potential)& -0.2V (vs. Ag/AgCNZE IH™EH HS 100 mg/L sodium
acetate®t 50 mM bicarbonate bufferg& AtEsto{ ZAE =0 MRUZz= HHREH=E <o
1.5+0.6 A/m?0|2ieny, o|lmf &M= Fe|(cathode potential)E 2F —0.3~-0.8 V AlO|2 &
A=A Ol= H.0, MAto| Jhss MAzAQl Hez L™ US [ 24] (Sim et al.,
2015).

o

4

S0

2]

10 |

0
0 < 8 3 {e S0 3¢

tune (in)

[33 25] Anode potential —0.2VOllAl BFSA|Ztof| w2 MAM=E H,0, s st

[O225]0M & == UXO0l H.0, MAR2 24 AJZF S¢F =|th 1543 mg/L7t Y =A=E H.02
conversion efficiency® [HX|H 2k 48+13% 2 TtH 2 1o} H|st &0l Ho=z LIEIGS.
gt 225 8(CE, coulombic efficiency)0l 100%7F & 2H 7} 2M351¥ =d ol X AHSHK
R 9712 T 2 MEN3 Mgl zHo=z olft 2HM=2 mElEol A MelE
-0.4VE ZHF0f AEs mEe.
50 00 1
g | WECO0{ ]
el WECOS 0S

| WECO03
It 0t | P it Sy
IS | ‘
10 | 0e |
08 | o

o WECO4

oe | 08 WECOS

| WEC03
0t -1’0
0s |
00 T T T T T -3 !

0 2 10 1? 50 52 0 2 10 {2 S0 2

mue (in) mue (i)

[38 26] Anode potential —0.4VollAl &= (cathode) HME MFLE(E) 2 cathode

O

potential (%)

[O8 26]2 AMsd= MQIE -0.4VE OHSH FS(250 mg/L sodium acetate, 50 mM
ol _1 =

=
— =
bicarbonate buffer)e] MFLUE 2 =X

A/m? 2 ABIM 2| -0.2VoAMe} 2 X SHA = %%( )°I °k0|
50.3+1.3C 22 0.2V M= 2=2(33.7+3 6C)Ec+ .5Hf %% ofo| gt =|of X7|Etsto|
MEo| oldl] 2R MAE MM XMatst MeedsS & = UBS




O dlled =HoAM HEH7|stette =22 CO, YlZES HIISHH acetate 1 mole & 2 mole2
CO.7} ErM5 }E ZWoZ -0.4 VOlM 250 mg/L sodium acetate?| 7|2 sEet, HHd COD MAHE
90%, 2|1 vtg7| I 28 mLE 112{5tH ot F x| 1 m® &t 2F 0.238 kgl CO.7F H&EE =

HoE MEE

320

300

120

:w 100

20

0 < 8 3 {e S0 3¢

e (in)

[38 27] Anode potential —0.4VollAl BFSA|Ztof| w2 MAME H.0, & Hst

ol

9| A anode potential —0.2ve| HA<ECt 2F 158 A MAtE|0 Ms50| o Skatg|
e & £ Ygend, olmf FEEEESS 96+2%, H.0» conversion efficiency 71+2% 2 &kAf
o=

O -0.4VolM H,O, Matoll A2 = ofL{X|= 2F 0.276+£0.007 kWh/kg H.0.2A1 Z7|& 33 Cfd]| of
HX| 2288 E7|dez £¢ F JAS2 2259 S (Modin & Fukushi, 2013).

O 2 ZHAAM MEM7|sIsEte=E 085101 ot Ml & H.0, MMs §F A2 ol{X| 2282
oF 0.0410.02 kWh/m*S2AM Zelo| Mejal 2xt skEME|A|ABEOAM ches| BOD HZH 2o
2 2Mste A% A2=EE= ofX|7F 2 0.10~0.18 kWh/m® ol2} &S mf %4 0.06 kWh/m®

ojate] ofHX| MZ &1t A= H2E ZAE (Metcalf and Eddy, 2014).

O ot2d{, 2 nfgel mMetr|=sel O o = 3d™el Xl @72 clxzt 2ol oE5e o, (1)HM
SHF2 = 0.05~0.1 kWh/m®, (2)MF =& UF B E2el 38 0.2~0.3 kWh/m®, (3)UV/H.0, 1
THEIAIAE 0.05~0.1 kWh/m®, ®et7|&e| & of|HX| 2F22 0.34~0.54 kWh/m®0|o{, o}
2tM Z2fe] MBR stemMElA AR A2 E= of X7} 2k 0.5~1.0 kWh/m® ol2} S o of
HXl &8 SHA Hl 22 7|s2 HIlE = AS (Metcalf and Eddy, 2014).

t

ol

B, LHFXME za=tE flet M5 od o HHE=x 7 FH

—

O 27|18 ztldi20]| o|235l= &l M2 (Air—cathode)2| 7| =& Moll= GDL(gas diffusion layer)
HEA

2 ot=0| Folof st 7[&e #Ale M2Ho| 60% polytetrafluoroethylene (PTFE) emulsion
S elF1 370°ColM 10250t dXalste wWAal2 4H HHE510{ GDLE A&

GDL ¥d walg theststod 7iMSHa chet MSMM2E HAESH] LFXA
S

I9o0 ol &sf =AM=2 ORR (oxygen reduction

O GDLZAM polyethylene (PE) sheet2} PTFE sheet & 7HX|E H|AE 3l%om [E
80| 27| cl2 MEBE MESI0d ORR Ms0| 712 £2 GDLE MASHE =
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O GDbL=

o

=

parafiim=

carbon cloth (CC)™=
7kl =0l
Alolof|

[E1] PE2} PTFE sheet2| SAMH|1
PE45 PE60 PTFE
Thickness (um) 25 15 75
Porosity (%) 45 60 76
Pore size (nm) 70 30 800
Manufacture TEWIN TEIJIN ADVANTEC

YHoz M
£ YIS

e

228].

\ L =3 i :
,—-.-ss-_‘!‘"&._ f

lasler: il

M= 2ol parafim= PE or

EMo|| PEL} PTFE sheetE hot press&
on{ X33} sheet AlO|O]

T/

H x|

0l83t0{ 200bare|
B sz=

57|

Hot press o (50 3} 50 C, 200 barzZ gr&F M=l M
P 2 PTFE sheet 222 bj| = =
[28 28] M= ¢ 2 PTFE sheet £&F 9ig
O HM=ztEl M=2Z PotentiometerE 0| 23H0d Impedance(50 mM 2IAFE 2bEM ALR)E =
JIs|2E o|3s5t0 2 GDL & XMes 2Aeh
Control PTFE
60
-@— 0211V -@-
50 —a— 03V /’ 60 —2— gi“ 5
g 0411V - 04V
40 4 i
a
= T 40
= 30 ==
N R
20 4 4§ oy
10 p:
®v"
0 : : 0
20 30 70 80 5 10 15 20 25 30 35 40 45
7' () ')
PE45% PEGO%
80 60
e 02V /' & D211V
50 —8— 0311V
&0 —a— 0411V i
A 40 4 »
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- 40 = 20
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[O8 29] M= M2¥ Nyquist plots
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Rs Rct Rd Rs: solution resistance (Q)
e VAV A AN Vv \NN—T1 Rct: charge transfer resistance (Q)

Rd: diffusion resistance (Q)

: : : Cdl: capacitance of catalyst layer (F)
Cdl Cad Cad: capacitance of diffusion layer (F)

[28 30] =40l ALZE S22

O [a829]2 szl HMeH(vs. SHE) duHA £ ANE 2oixd, [I8 30]9 S7t32
A

£ 0[&3I0f fitting Bt & [F2]=f Zo| 2t m2foleel luH

[E2] Fitting parameters for each electrode at different electrode potential

Applied voltage (V) Rs (Q) Ret (Q) Rd (Q) Cdl (F) Cad (F)

0.211 38.25 7.24 91.25 0.1868 0.2878

Control 0.311 38.38 8.11 162.80 0.2036 0.2708
0.411 38.45 8.45 185.50 0.2013 0.2647

0.211 11.99 6.91 108.70 0.1706 0.2469

PTFE 0311 12.06 7.06 184.60 0.1686 0.2229
0.411 12.07 6.89 211.50 0.1613 0.2217

0211 18.71 11.73 144.50 0.1448 0.2148

PE45% 0311 18.70 11.75 197.70 0.1426 0.1997
041 18.69 12.29 255.90 0.1439 0.1898

0.21 15.62 6.40 93.34 0.2182 0.3201

PE60% 031 15.46 6.52 150.80 0.2209 0.2837
0.411 15.57 6.14 146.50 0.2174 0.2807

O [E2]0M & = X0| ZE =ZHolM WEXE & Rdel H|EO| I Z120d porosityZF 2 PE6O
I} PTFE & =0| PE45EC} RA7| &=
O Rse= PTFEZ} 742F Weton{ O CH2 PEGO, PE40, Control = 9 ZHe =2 LIELL. Retel A 7%
H|S0| &fond 2t M2IHZ 6.4~11.7Q Alo|2] Zf= LIEHY.
O M M&ee2 PE60S A 71 &toL}t FH7F HE gkot water leakage $14t0o| 2o{ AX 27X
Zoll ARZ0] of2 PTFES| Z< PE40x} Control M= o] L&A &o| Ho}
1

MSo| 7Ha 22 He=z o= [a331].

o Ho
s
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Hu
e
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n
39

L

S00 S20
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{e0
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eo
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S00
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o +2 Zo| Ho|84 BE4Nol A0l | e BAMRISHe| HojAl UME COE
st =2 =Fo MMAElasd 288 2% ZX nHeto2ZM carbon—-neutralization A&l
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Modin and Fukushi (2013) Production of high concentrations of H.O. in a bioelectrochemical
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