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Abstract [ Objective] This paper addresses the critical role of electron transfer efficiency in pollutant degradation and energy
recovery within constructed wetland-microbial fuel cell (CW-MFC) systems. It systematically analyzes how system structure and
environmental factors regulate electron transfer pathways, identifying the core elements governing electron flux and system stability.
This provides a theoretical basis for enhancing the synergistic performance of CW-MFC system. [ Methods] Through comprehensive
literature review and mechanistic analysis, this paper explores the dynamic processes and enhancement strategies for electron transfer
across five key aspects: wetland substrate, plant types, electrode material properties, wetland configuration parameters, plant-
microbial interactions, and operating conditions. The focus is on elucidating the interactive mechanisms among these elements in

regulating electron transfer. [ Results] The power generation performance and pollutant removal efficiency of CW-MFC systems are
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highly dependent on the synergistic optimization of multiple factors. Specifically, vertical flow configurations significantly reduce
internal resistance and enhance electricity production by optimizing redox gradients within the system. Meanwhile, high-conductivity
fillers strengthen biofilm activity and facilitate electron transfer. At the vegetational level, diverse root exudates from wetland plants
increase the abundance of electroactive microbial communities. Furthermore, porous electrode materials coupled with optimal electrode
arrangement and spacing improve electron capture capacity by expanding the available reaction interface. Additionally, appropriate
adjustment of the hydraulic retention time and organic loading rate synergistically optimizes both pollutant removal efficiency and energy
recovery performance. [ Conclusion] Electron transfer in CW-MFC systems is synergistically regulated by multi-scale environmental
and structural parameters. Optimizing the " substrate-electrode-configuration" synergistic system can enhance both pollutant removal
performance and bioelectricity generation capacity. Future research should prioritize interdisciplinary strategies, including bionic

electrode design, electron mediator network construction, and the development of multi-scale models, to promote the transformation of

CW-MFC technology from mechanism research to engineering application.
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Tab. 1 Effect of Substrate Types on Electrical Performance and Pollutants Removal in CW-MFC
. ..
FEFRIZE MRS —— — ks - — jﬁk%ﬁ] E= BTN
L S (COD) AR NO3-N BB (TP) i LV
W FEF ik 90. 6%+4. 1% 92. 6%+6. 1% 81.47%=7.3% — 0.99 [15]
A 92.1%+7.3% 93.2%+7. 0% 82.4%=+3. 4% 96.7%+2. 9% 1.24 [15]
KR 91. 1%+5.5% 90. 7%+6. 5% 77.9%+17. 5% — 1.19 [15]
R EIN: 60. 5%=4. 3% — 51.5%=2. 0% 80. 9%=2. 9% 0.33 [17]
AV 50.2%+2. 3% — 65.0%+3. 5% 91.2%+5. 1% 0.26 [17]
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Tab.2 Quantitative Comparison of Multiple Factors for Electron Transfer Efficiency
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T2 b A 7Y VFCW-MFC 985 0. 44£0. 09 0. 07+0. 02 0. 03+0. 01 (1]
HFCW-MFC 987 0. 34+0. 09 0. 02+0. 01 0.01=0. 01
UCW-MFC 1 000 0. 56+0. 02 — 0. 124+0. 007
DCW-MFC 1 000 0. 63+0. 09 0. 158+0. 005 [12]
HCW-MFC 1 000 1. 0820. 05 0. 452+0. 041
H82 FI CW-MFC 950 0.310. 01 — 0.035x0. 003
5 =T i CW-MFC 950 0.43+0. 01 0. 069+0. 004 40]
OB X — 0.45~0.99 0.07 0. 008 [15]
A — 0.65~1.24 0.16 0. 040 [15]
Klif — 0.50~1.19 0.06 8. 420 [15]
A — 0.38~0. 89 0.15 0. 130 [16]
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Tab.3 Effect of Plant Species on Electrical Performance and Pollutants Removal in CW-MFC

AR e FNGER

. AL/ mV R/ N/ Q R/ -
b . - 3- ) _ SCiik
CoD BAA NO;3-N PO} -P (mWem2) (mA-m?)
SEE 51.6%+6.0% 71.9%+14.8%  96.1%+2.2%  96.5%+3.1% 19441 25. 14 326 80. 4 [18]
WET 13.2%+62.1% 36.8%+14.4%  93.0%+6.6%  96.7%=2.6% 94+40 8.74 326 71.2 [18]
P 46.9%+9.4%  41.7%+3.9%  94.8%+3.3%  96.1%=+4.5% 183£42 21.70 508 86.6 [18]
KA 36.0%+5.0%  43.0%+5.4%  89.9%=+7.2%  95.9%+4.7% 132+42 12.92 508 74.3 [18]
IEH 92.8%+5.9%  76.8%+9.9% — 300+53 7.59 407 — [20]
TJE3R  93.9%=+5.3%  61.2%=8.0% — 392+26 10. 40 170 — [20]
FEANFE 94.1%=%5.4%  58.9%=%9.5% — 324+52 7.77 379 — [20]
2.4 HithiE MFC1 FIfiIA GAC 1Y CW-MFC2 PAWF5ELE BHAR I A
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Tab.4 Electrogenic Characteristics and Relative Abundance of CW-MFC of Different Porous Electrode Materials*

24]

AR B R A LLER ] LE/mV RS/ (mA-m™) BRI/ (mW-m™?) 7 L TR AR X 2
CFF EYN - 97.7 17.30 1.05 65.77%
SSWM 17.6 6. 60 0. 67 52. 66%
GR 23.3 8.99 0.94 46. 00%
FN 79. 4 14.78 1.78 58.56%
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B 2 TR 3G AT DA AR B AR R A 1 6 4B
Be TR IR A= P N D RETAE P A 4T
W A AR AR AR . Liu 57 M E T 3 41
AN[E) B T AR CW-MFC (25 .75 100 cm?) , HH A
W FN 75 em® () CW-MFC 2407 L BE J1Bedd: , i
KR LR F] 39.9 mW/m”, X A& AP KB
T AT ARG I GG IR N ) R I, e 2
TR 0,) , fin s A2 JE R R T T
AR, (H B AR TR sk oK 2 5 350 BH AR Ak 2 1 1) 555
FEHVPERE PRI TR R ST A R A AT A R
RYPERE,

MFC 2R FH 25 H A ) 7R3 5 25 388 i e A 1) 2 T
U W, Z2 AR B AT D SE a9 e S0 S i A
KRBT R G L fr A A RUOR 78 0 5 G 40 3 it 1L
JO7 A TR B dob 2 AR 2R PR B, DT OO0 AR ™= ri
e, ATERENE, ZHB PR R RS &

R DX sk ) Y R A AR B ) (RS B 23K
AR AHEAL TG PERRAR AL PR ZR Y  Tang %51 fy 2k
T~ Z2 B — BB A 8 0 b A AR FL
B 4 ASBHBCRT T AN B AL, SR T B B S
A, 25 RRH I TE B LA IE BA Y 2 i % CW-MEFC
BOCHY FERR IS L0 B T ARRNE 1 AR PR
T, MFC 345 1 B s S

FE K3 4 7 SN 2 B8 R GE Y 7 L AR, Tang
GRS T 2 Pl iy X ER ORI, P 1
(A1) FH#Z 2( A2) BH# 3(A3) B 4( A4) AR
2 [a) AR IE 5 435124 500,400,300 mm F1 200 mm , %}
7 BH A% HL A7 AE H BB KR 43 ) Sl -370.97, -
356. 66 .~323.97 .-267. 55 mV (UL Al fxf1-462. 33
mV A ), BT o PH AR (A1~ A3) B HL 6 B
I v PR ( A4) 38 3k e T Ah r B s 7, A5 450 BH B
LV B A 4R T, B PH AR R 22 1 1 45 5 9 1 i) 4% B
Wk Sz A 4%, A4 fE A AT 4E R5 7E - 466. 33 mV, [H
PRI Hs 22 g R, BRI O BB A =X A vl R i 11 A0 T 3
B, 5HEOM LG, 22 PR OIT B % 224 X ] DL SE )
W AR AR IR IE A, A FH AR
AT LAAE A O EALE R T isfr, RS E
SEMR 0 RE AT DU AR 55 A BH AR &1 68 7 A= T8 & i
i, DT B AR Y F R R R UL Y H AR A R
() T AR AR A I 75 i % Fe a0 32 5 fras , AL L
WA RE , A 50 0 BA 5 R IR, 18 77 i
e, SEPR AR A JCRRIR T O Aok
i S EET R AT LAR A 2 R ik A SR AR A
S HLAR R R

x5 ERERMBHNIRURASHEGITLE
Tab.5 Comparison of Engineering Costs and Working Lifetime of CW-MFC of Different Porous Electrode Materials

HLBR AR BT RUR A/ (TG m ) fli I 4/ a AR A/ (JEm a7t EEN 5
CFF 250~300 3-~5 50~ 100 KIIEAT SRR K
FN 700~ 800 2~3 233~400 IR IR NI RN RN
AR 80~100 5~8 10~20 R ALAS AR B 5t
316L SSWM 150~200 1~2(FHEK) 75~200 TERRIEK I 107 2 4k 2

2.4.3  HLAR[EEE

JPREE CW-MFC RS0 FI A 4S80 58, 2 Hr bt
S8 R BB A T /K T B O W5 e s B
A LA 8 5 R R ) 00 e AR BB A )
T 5B SRR RS | B R G0 N RS I, 4k T i — 20 Xt
E W RER LR/ R A I il N - e ol T

2R

Xie %" BT 3 AR AR AT (8,13 em
F118 em) AY CW-MFC AbFEASFEZE R K  BF 98 K P HL
WeRIEE A 13 em () RG-S T I L HEET),
JE K/ INBE 2 PRI ) P 384 R 2 300 500 34 KR/ N 1)
P RN A s thAS S A LSS 0 T
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M E 4350 SR 12 (15,18 em #1120 em ) 4 4 CW-
MFC $RFTALF 5 I8 () Zn A1 Ni B SSOR A K 7 o
AES1 WFSE K BRAE TR FE R 12 em B A F5 20 %5 Ni Al
Zn (AL BEASOR  ZE AR 15 em AHA5 31 5% 5 )
R DL R DR Liu RS T 3 4L HL i
FEES MBI E N 5,10 em H1 15 em B CW-MFC %}
Cr( VI) B9 ZBRASCR LA K HUROR AN [F il B i T
P EE R 8 A RN 210 em AR >S5 cm H
e>15 em BB, /NP FLAR PR B S5V i SR E X 5 1
R BE AR DX 3 e R B R ) R B 5, 5 BB A
AW I PE AR, TS I CW-MFC 119 & B PEBE,
LA R A BRI L 5 2 R B OROR T R
BTN, BHAR 2> 583 by /K 1 S B0 &5 i St
A BB A BT ) DR ARS A , INTTT ARG T 3 s
2.5 BITSH

I CW-MFC RGPERE M E 1T S8 £ 2T
15 YLy fafe; HRT Al pH,
2.5.1 154 oy

BRI 2s FTHE 52 CW-MFC 22 40 T ik W i s
P, Villasefior 2 $2 HY |35 24 & 2 1A DL RE A £
FHAR X 7853 515 Je 48 T+ R G0 riLRE T (H % ik
T R AR A AL S K T A B X T
FEIZ X B A P B AR ORI R Gtk fg
UL T 2R o R A L & i, Wk 6 iR,
Yang % #F 55 T COD %t CW-MFC 7= H 1k RE i 5

M, 24 COD [ A 200 mg/L B, CW-MFC ik
P K Rl 388 mV, DR B E N 107. 54
mW/m’, 47K COD 114 i vk i F — 252 15 1) 500
mg/ L B 4t H R REAR S 320 mV, R G000 % LR
DL TR 55 B Bt COD B Jo o R 3 38 o 5 B 5 334
KGN RE S, Mu 265 0 i BF o8 % BE T AL
ZESR, 23k K COD 1% J5T &2 7k B2 A 100 mg/L 3 i
£ 500 mg/L,CW-MFC HLFEM 510 mV 3415 570 mV,
{224 COD Ay o vk 2 38 N 3] 600 me/L. 1, H FE P
£ 559 mV, W55 £ M, COD i farid K4 T80 H ik
RERT TR

TN BT RS T DL R TR AN SRR IR
ISEIR N4 AE R A e S A A HLAY Y & i R R
%t CW-MFC 2 4o g i Bl 8 5 5 0, Liu 450
WL, TR IME & Cr(VD 3255 7 CW-MFC fY
S A S0 Cr( V) WS 80Uk BB T,
kK Cr(VI) BT E VR FE N 6. 69 mg/L I, e K
BN 46.63 mW/m®, B —J5 T Cr(VI) AT
DIFERIR X 2 CW-MFC R G ER AL TE 2 (1 i 152 4K,
I B 7= s R 3 7 5 S — Iy i b Cr(VI)
B ARG, FLEEME AT RE SR PEAR DX FL R A AR
FIREHE  FEG=HRBCRI N, Teoh 25 #5E T
CW-MFC Z55 22 BROmHER B RE , BIF5T At 4 30 24 0
MER A o B v B DA O 3551 300 me/ L B, RGET R
B AR S IR SRR I N R

K6 AFEKRERER COD X CW-MFC F=RIMEEEMS YRR

Tab. 6 Effect of Different COD Concentrations on Electrical Production Performance and Pollutants Removal of CW-MFC

#EK CoD Hy JE L) FE R B RIR
[ e e/ HRT/h HLH/mV R/ JERACR Z% 0k
(mg-L7") COD AR TP Cr (mW-m™)
50 24 63.92% 90. 03% 61.34% — 305 54.63 3.94% [34]
100 71.85% 86. 85% 58.33% — 330 70.91 1.85% [34]
200 84.78% 75. 46% 58.02% — 388 107. 54 0.97% [34]
300 92.73% 70. 07% 66.28% — 370 72.78 0.57% [34]
500 80. 29% 64. 69% 66.26% — 320 9.39 0. 36% [34]
200 48 97.21% — — 80. 60% 510 312 5.11% [35]
300 96.35% — — 85.21% 532 368 3.21% [35]
400 93.22% — — 89. 66% 541 421 1. 65% [35]
500 91.27% — — 92.31% 570 458 1.21% [35]
600 90. 16% — — 89. 74% 559 436 1.02% [35]
2.5.2 HRT S CW-MFC 5% 15 B8 7 Fl 7™ L &30 HE 1Y 35 25 S 40

HRT 5% & i) e AL 2 20 T 1 1 B B A OG, J2

Doherty %% $& i HRT 5% B P4 HH X 7K 3t 97 32
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R EIEFR  HRT 3/ i s 5 b, 3 8 PH AR AT BLA)
SANGE S, TR W0 2 48 (0 7= B A RE . Mu 2505
AT AT A B, 24 HRT M1 d 393 2 d B, B
550. 8 mV /3] 588.2 mV, FIFHM 197 Q FEAL 3
147 Q. #F— 8 HRT & 4 d, B R 2T R 3
545.6 mV, NBHIE M3 169 Q. BF5E & P, HRT it
FESs e V5 e A 38 T S U A HLAS 2 FR
A 0 3G B, 2 Bl O e R 2 5 ) P L RO
[JRE L, Niu 250 308 T 2 AN DA A il 4B o 3 )
CW-MFC 2%, 055 b 7 HRT 2 1 d F13 d B
RGEVERER ML RGEAE HRT A 1 d BFS B ek
fig + PR R D 3 B 430 A 1366. 30 Q) 106. 2 mV
F16.49x107° mW/m?, i HRT Jy 3 d i PYPH. 5 K
HH R R ) SR B 4 ) 81,04 Q. 158.2 mV Al
6.3x107> mW/m’ ,HRT AU/ NS T R G0 7= s bk
e, WF98 8 & L, #E K HRT & 5 80 %0 W
( Pseudomonas ) FIHAT B ( Geobacter) 2 Fh 288 F= Hi, TA
FECRI/D BTGP B R B R G A L
Ve Ak A ML RE AR 3o o o A A0 Ak e A AR A
RGN HLRE T BH TR
2.5.3 RS pH

F RGN 14 ~ 31 °C R 558 R AR 9 B
R AR A P 2 6 B, IO A L 98 ot 2 8 1 T 8 1) %
AR/ )N , 336 A, 15 P 98k 3 b o 2 A AR i R
(20817 RGMERR , T 2 50™ LR #E 25 ~35 CI3E
BBl NG P 5, TP Geobacter 144X 355 06 {1 1 B0 7
30 C'P M HL AR P B S ELAY pH (A 7~9, 40
5 B 1] ( Proteobacteria ) . Geobacter %5 Zhou
SIS T AR 4 FRORRIREIA 9 CW-MFC X5
Yy 2 BRie 01 LA RG™ HURKCRE , [ I R T AR IR AT &R
Gk RERYRE I, 45 R A Y ZEAR T 15 C YR
JETOUE RS WAL, B> T YR R 05
YIBERE , TATH 55 T %R R R E R &
FHCW-MFC 2GR L PERE T B, Wang el
16 pH {6 M (5.18+0.14) , (7.31+0.13) Al
(8.75+0. 12) B2 F , %F CW-MFC A PERESEAT T
MY, & B pH (EAERCPE (7. 3120, 13) IR HE T,
CW-MFC ik 2| fz &5 7~ FLALfE 8. 08 mW/m?, 5T ik
B, AR & SEBE L0 H 7 X R
W LG M T R (EAB) P24 I BT B IR
PEEREE XA 8 1 A KRR B 72 A SRS
T RHAE Y S SRR AL F AL Y RE

2.6 MEMRE

AEIES CW-MFC FR G b (1 2 418 43,
FEFZH TS QWb i FAE S R DI Re 4k +5 7 I e %
Bt fER . CW-MFC 2R 40 B B A= 4 b 2l 3L

LT R TR, BRI LR A
F, I PERAE AR B R o o S, 32
FEF 7145 Proteobacteria  JEBE T |7] ( Firmicutes ) .
HWFTFE ] ( Bacteroidetes ) 45 ; B X 22 H i 4A 514,
Pl ] 48038 SRR TS Qe )0 I B RE, E B ) AL A
Proteobacteria R #T i | ] ( Acidobacteria ) 45 ; #H #) f#2
BRAZ L) 53 WA TN A58 2% A 1Y) Jb 8 S ), LA )
Bk m 20, EZH T A4S Firmicutes | iR
( Actinobacteria) . Acidobacteria 254 25 M i 4k
Pt T B A M R A A e T R AR
PIANGE AN | RIS T WA R ) ORP | 3k
MR 7RG HBPERE . Geobacter J& T fIAMHL ¥
&3 (EET) Rl B S 20 L (3R ¢ B2 omed 5
ML RS 2K L N muerC  Ho P omeA S 25
HL T 20K OmeA | A TOR 1L 7 3F — 2D 4% 34 2 L 1 R
BY s mirC i A ISR A 8 K MuC, /ST
F J& I % 32 25 40 i A R 5 5 coD fufr R
omcA FERFIRE [ 2~3 4%, H murC EH AFE 7
K- 5 i AR R B EMOC (R =0.75) . FoKE:
YER R YIRS, W& T T CW-MFC (197 1
5B AMERE A2 F 7 T, HA ML) R BRI 52 0l H,
JES R 70 ¢/m® )0 e S T
i, B LR A 0.336 VIR R IR E N 1.92
mW/m? 45 — ] J5 W R 32 M T [ HL &R 48 P B3
T AR A B HRT 7 v 8 AR R 5 TR B R 7
T, E AP T BT EAR 6 A ) RS A = 82, PR X
T - B e Z2 R vy [ 3 M R B T e 0 4
FE AL IR B & ( Nitrospira )  2EH0FF 3 & ( Bacillus ) F1A
) PUFF B (unclassified Comamonadaceae ) |, BH
Wy FEEAHAL T T, Rkt FEAE B PR X A7 R A
HAAE R A & X — e A, AR T T
ARG ARES]

CW-MFC Z 4t H i AL PR O AT AR 9 D) Re e 1k
X530 EAB SR AL PR RIS, — 3 il kA B
ETE P R DG 2R . EAB i E A8 A SE Bl i
TAETT G5 AR 0] 19 5 1) 56 7% | A BETE B AR X
2 v T A D, R W AR M RN EAB (Y AR
AL SE R, DR IR . 53 S0 % 14 1]
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AT AR B 0 A AR T R AR AR IR TR
TR R AN R 2 5 i T RS LU R AL H
TAEEBRRE Y AHY AR R SR AR 2R 43 I [ R
AT LA SRR AR R R B i >0 g SR Rk b
PInT LA4R 5 CW-MFC 8 G0 BA M X A9 Tl 28 7 LA % 5
BERR R, D4R 5 22 B0 A B T P e A HE A% 2 1
. Ji S5 IXER X E T CW-MFC R4t
VEE 3 LM ZR AR BB A AN [) ) A Ak 2 % — 41
ToAE Wy & B A BTG A W 4H BA #2 19 Firmicutes £
Actinobacteria FIX} B B &I =4 A4 . MY
AW T ZFAE LY, B F LR AL
R AR AR AR = (IR 28 4L B ), X B ) B 7E
CW-MFC [ FL i il B v & 5 P R VE T, JE )
TR T i A 5 R 2 ) A LA H
(IR 5E R ZHOCR AR DR 2R 5 WIHE S — A~ 3ok %
e e = o HELIR AR 2R A AY ) e G B L T
ZERAR (AN ) 19 2 1 I B A T, A SR 1
FEIE R FH SE (8 3 W AR AS [FIAE P0AR 2 53 s 4
AR IS ) ST A A 1 25 0 R 4T, f i S
ARG TR Z A B R
2.7 CW-MFC XM EKEHAE S sE 2 B UL, ik
B R

X CW-MFC ¥ IR s 12 3 B AR R R, i
BG4 T 8 CW-MFC 5 130 2E 4 v A
(MEC) #5824 (MFEC-CW ) , 3 1<t 1k oL 4 B 3%
Ty R AME L Y, ST R K A AR S e
ISCRE ST RIS T, % R e, 6 PR A A R 3
MERAREE G RE A T4 58 CW . CW-MFC & CW-
MEC F%¢, H S K D13 (63.9 pW) (e KH
JE (363 mV) S35 01 % (36,75 W) 30 2% 4
o A R R LR R Rk 90. 26% , 1 TS R 5
“ b TR R A e LSRR AR, ARk
RS, MFEC-CW FE£2 T & o i i[RI, 5 2B AIR
THES: CW-MEC RS HIREFE, it T H.— CW-MEC
“TIRERE AR T P IS SEBL T R K A B -1
M MPFEEE . ZAFSEIESE , MFEC-CW £
YA A R R R S8 ( BES-CWs) BB HTIE S, A
LR T CW-MFC [ HERE ¢, 5 o T AR A
PO T AR AR A N i T AR bR R
N TIRHIFE S R KRS T, bR % BES-CWs [1]
“ Rk ARAE PRy 1 A Y

BEAh, B X CW R AR HE X — A

O G AERIF AT KB, MFC 5 CW fiA A 5L
G WE AT WL E], 6 R (58 cw)
CO, H,S F MK E MR &S, H 0, &
iK1 MFC #8 A B4 O, & & B35 T, [R i
CO, H,S MWL, T4 HrSE, AR
thH,S Bl FE B[ 29 150 nmol/ (em®-d) ] {H
FHF AR FR N TR KRS HL,S 19 5
WeBETT Rk 2.5 mg/LI% xR S B Z K
A LY SR BT IR B AR R RN TR b
R SR F SRR Co, HERUR R
U5, A, H e S Ak B RT3k E T AR R e R R
CO," " A IETE 58 SR IR = SR HEL,
2R AR RS (I MFC #54A) 7T 535 2% CO, 1Y
Helcht AR gE o, S5XF B M e, MFC #5248
() CO, HECR D T 5. 9% ~32. 4% , HixX—3UR 5
K AL 8 YA O, 3 — 20 R W, ik
KA BT 50 mg/L T+ 360 mg/L i, CO, HEik
T 4.6~5.1 %, LA LIS B, CO, HE
TR

i b MFC 5 CW R & AR 7148 CW
(13 2 AARHE, B 3 o 5 b SR A i S R AR
W, SEE T K A B 5 TR SR HE R P R AL
CW AR A At | B SRR S 4%
3 HFiEERE

VE R BB TR 4088k 1) — WA B A, CW-MFC
RGE N BA TG K G S B - B TIRE, v Rrsk
AL PR S e DR AE T AR e &, RS %H
ARAESLHG B E 8 B 35 T, (H O TR AR
FRATS DG 222 B8 U 2Bk, 36T A W adt
i 55 R AL, A SBT3 DA OGB4,

(1) FARAT RN BT 5 R G R4

MEIFIEIESE T AT RHRA M (S F vk A=)
FAZEE ) 23 HHES W LIS R0R el 5 2
FLEL T RIS N BRI DAL S RIS A . ARk
E—2PIT R AT A AR (NSRS - K 5
OB i AU TR R TR R, A, nfe]
R RRATR P BELATY S T B A R 1) () T, PR A 78 (22
G ERI) AP T Bl BT 1% H BRI RN

(2) HBRAE AT 55 B AL AL AT

HE— 2GR MT R ) - R BAE R A B T2 T
CW-MFC 77 HL 15 W R D fg W HAE AR 3R 43
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WA T B A AR A AR A i H TR P T S A e
W PRRIVERT . AR HCHE 2 P 20 AR 4 274
HR R Ge48 75 AR PR R 85 b A8 AR JE A 1R (A%
BR M) MG GRS X EET RREEALEH, B
HTERE ( Geobacter , Pseudomonas ) 1Y AR A s %
7 F e B A0 S 500, S B B T A R 1) Ak B T
TR R AL S (At B R SCHE o Ak R T 1 A R
TR A PR A

(3) B 2K Bud e 5 Hdi e RE S Tt

BEXS & E A TS A S MEAL BRK 5 A
GEME R GEPTME S ) B BRMERT, AR i i Bt
SEPRE S T e A AR IR T R X A E (5
ffl) AT 244 5 4 A AL A7 S S R AR AR
28I KA DUEIREES W R EAEE /RS MG 7/ NVE ]
iR A WG 5 () IS5 B X AN )R K 2R R (SR L 24 T
5K ) M 25 5 R | A e S A ) A 3 e
AR 28 B WG, $2 T+ R G AE 20K it b A&
EPE,

(4) IUBEAL S WS AR 9 e

CW-MFC f) TAR L F 1 75 A AR AT 471 5 28
TeAHE, ROk BAH HRT G WL G | 8 3 25
KEESH ISR, i BRI S RS
BOTHAE B 5 v 7L i ok % BB RE AR 2 AF
S LT R RE ] R G, SO R Hh Y A%
LW ; BRT5 K AL BRAZ I REAL, AT 9 S HAE
TR BT A 1 0 137 35, T 2 B8 T W0 Bk I 1
SR P RTELMEI S R T R G ; A AT A
LA R SRR, RGO R} s 4k RE
T AT ATYE  REAR B P L A HE T S A e SRR s

Zi b, CW-MFC FYAR R e JF i e I ik A1 2 ¢
e TR K 8 2 22 27 Bk 52 S AT BEA
B, d 2SI M S 2 W5 B MU T A0 15 8, Sy
“Xk” B bR T BT K 5 IR AL S RE IR AR 4 it T AT
HEAZ

S 3k
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