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(Logan, 2007)

NADH FADH

(Bond

(Bond

(Logan, 2007)

Lovely, 2003)
(

2.1) (Bond

1911

1990

2002)

- 2002)

Potter
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Verstraete, 2005)

(Shukla , 2004)
(6 D6+6 2 - ) 6C02+ 24H++ 24e-  E°=0014V
602+ 24 Ht + 24 e -~ b 12HD E° =123 V
2.2
(Metabolism)
2 (anabolism)

(Catabolism)



A *H !

7 QUM 5
(Respiration)
3
2.2.1 (Aerobic respiration)
3
(Glycolysis)
2 6 ( )
3 3
ATP 2 NADH22
(Krebs cycles) ATP NADH2
FADH2
(decarboxylation) 1 1 (CoASH)
(acetyl coenzyme A) NAQ' NADH?
NAD

(Nicotinamide Adenine Dinucleotide) NADP  (Nicotinamide Adenine Dinucleotide
Phosphate) FAD (Flavin Adenine Dinucleotide) FMN (Flavin Mononucleotide)
(Ubiquinone) (Cytochrome) NADH2 FADPI2

(  2547)



2.2.2 (Anaerobic respiration)

2547)

2.2.3 (Fermentation)

( , 2547)

2.3

(Fe3+ reduction)
' (Bond , 2002)

23.1



© H
sz

2.2 ,
(Bond , 2002)
2.3.2.
(mediator)
Escherichia
coli mnPseudomonas mnProteus 1nBacillus

(Rabaey  Verstraete, 2005) 2.3



neutral red thionine
benzylviologen  phenazines  phenothiazines  phenoxoazines  iron  chelates
2,6-dichlorophenolindophenol ~ 2-hydroxy-1,4-naphthoquinone

E Electron
shuttle
(reduced)

Electron
shuttle
(oxidized)

(Bond
, 2002)



2.3.3.

(pycocyanin) Pseudomonas
aeruginosa (Rabeay, 2005b)
Shewanella oneidensis

Geothrix ferementans (Bond , 2002)
2.34.
Shewanella
Shewanella
, (Bond
, 2002)
Shewanella 1
(Logan, 2007)
(nanowire) (pili)
2006 Gorby
(Scanning
Electron Microscopy SEM) (Scanning  tunneling
microscopy STM) Geobacter Shewanella

(Gorby , 2005)
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(Gorby

. 2005)

SEM

STM

SEM

?
SEM

b7

?

1200

1100 §*
000
00
00
790
e
%00
00
200
200
wo
(]

Pelotomaculum thermopropionicum

Synechocystis

[-lewanella  oneidensis MR-1

Shewanella oneidensis MR-1

10
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2.5

(Logan

. 2006)
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25 (H-shape)

()

upflow fixed-bed biofim

( , 2548)
upflow fixed-bed
biofilm



() (Logan
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: (Kim
Reactor type Fuel used
H-type Landfill leachate
Single chamber
H-type Glucose
Bushing
Single chamber Glucose
Single chamber Glucose
Domestic wastewater
Single chamber Glucose
Two-chamber with bipolar Acetate
membrane, Fe3t/Fe2+ cathode
Two-chamber Glucose
Two-chamber Acetate
Two-chamber Glucose, glutamate
Upflow Sucrose
2.5
Logan (2007)
2
5 !
2400
1430

600

. 2006)

2.5

2007)

Power density
(raWira2)

1156
3,987
766
1,540
464
4800
860

5,850
1.030
560

2.5

13

Reference

You et al. 2006a
You et al. 2006b°

Cheng et al. 2006a
Cheng et al. 2006b

Cheng et al. 2006¢
ter Heijne et al. 2006e

Rosenbaum et al. 2006
Jong et al. 2006e
Moon et al. 2006

He et al. 2006



2.6

Sarinee

(2007)

18

1 (You

(Oh, 2006)

0.8

1

. 2006)

0201

0.004

14



2.2
(Aelterman, 2006)

»hefrata  Power densty %(IDcapued Substrateremovd (E - Reference

15

(19, spwer (K CDpmntpetca)t m
Acetate 90 5 >1.12% 98 Rabaey  (2005h)
Acetate 258 25 >4.77" 72 Actterman . (Submitted)
Glucose 68 25 > 0,92+ 74 Rabaey etal. g2005b)
Sucrose 187 - 12 2 Heet™. (200 3
Sucrose 49 - 0.7 5  Rabaey etdl (2005¢)
2.3

(Aelterman, 2006)

Substrats Poner %Q0D Substrataremoval (E R
(R il ik o

Acetate 127 72 - 31 Luétal 22005a
Bltyrate 76 5 - 15 étal. (20053
Glucose 125105 » ¢ 9“ 12 L|uandLogan%004)
Articl'd 102 89 34 Moonef . (2008)
Wwastewater
2006 You
0.1
115.60
: 2562 1
10.2 (You , 20006)

2.6
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140 1.6
—e— Permanganate A Hexacynoferrate
C —&— Oxygen (Pt-loading electrode) —e— Oxygen (plain electrode)

120 ] 14
— 1.2
o~ 100 4
E
S Ly
£ S
=2 08 >
2 2
3 =
g 0.6
[e}
o

0 0.005 0.01 0.015 0.02 0.025 0.03
Current density (mA/cm2)

2.6

(You
, 2006)

2.1

2.7 (Voltage losses)

(Phosphorylation)

(Activation loss)

(nanowire)
2.1 1



iy

12
r‘EWw
1 1
ocV
So‘a{ 2
g 08 2
B4 \
0.2
0 =
0 005 01 015 02 025 03 035 04
Current (mA/cm?)
2.1 3 (Logan, 2007)
ocv : Open Circuit Voltage ( )
E°cel.
(Ohmic losses)
2 2.1
(Mass transfer losses)
3

2.7 (Logan, 2007)



2.8

(gradient)

(Rabaey  Verstraete, 2005h)

2.9

(Acidophiles)
7 (Neutralophiles)
(Alkalophiles) B

18



KHPO4(

(psychophiles)
(' esophiles)
(thermophiles)

2.10

Habermann Pommer

. 2552)

10

| 2547)

50-55

19

KH2P 04

20
25 45
45

. 2552)

1991
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(Min- Logan, 2004: Aelterman , 2006: Ghangrekar ~ Shinde, 2007,
2008)
1 ! (Lui , 2004)

(Min Logan, 2004)

24

(Rabaey  Verstraete, 2005h)

Substrate  Electrode type  1(current, mAj p (mW/m2j p (W/m3)
Axenic cultures

Proteus vulgaris Glucose  Glassy carbon 0.8 6 27 18
Erwinia dissolvons Glucose  Woven graphite 0.7 na®
Proteus vulgaris Glucose  Glassy carbon 0. 85 9.0
Shewanella putrefaciens Lactate  Woven graphite  0.04 000032  0.08
Geohacter sulfurreducens Acetate  Plain graphite 04 13 0.35
Rhodoferax ferrireducens Glucose  Plain graphite 0.2 8 0.25
Woven graphite  0.57 17 L7
Graphite foam  0.4514 33 0.96
Pseudomonas aeruginosa Glucose ~ Plain graphite 01 88 8.8
Escherichia coll Lactate ~ Woven graphite* 33 12 7.6
Plain graphite* 2.6 a 3.6
Mixed cultures
Mixed, saltwater Acetate  Plain graphite 0.23 10 na®
. _ S2-lacetate Plain graphite 60d 32 nae
Mixed consortium, batch Glucose  Plain graphite 30 3600 216
Activated sludge Wastewater Woven graphite 0.2 8 16
Lactate  Woven graphiteb 11 53 34
Plain graphite6 2.6 788 32
Wastewater Woven graphite ~ 4.85 26 16
. _ Glucose ~ Woven graphite 0.9 494 13
Mixed consortium, Sucrose  Granular graphite 6.2 23 47
continuous Glucose  Granular graphite 5.4 18 37
Acetate  Carbon paper 1.27 506 13
Butyrate  Carbon paper 0,46 305 7.6

24

(Glassy carbon)
(Plain graphite) (Woven graphite) (Granular graphite)
(Carbon paper)
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211 ‘

C s . 2547)

Self-purification

20



2111
1
(Filtration)
2.
3,

22

( . 2549)

(Physical process)
(Sedimentation)

(Chemical process)
(Neutralization) (Precipitation)
(Chemical coagulation)

(Biological process)

95

( . 2549)



2112

(Acetogenic)

(Methanogen)
(Archaebacteria)

(Hydrolysis)

(Acidogenesis)

(Acetogenesis)

(Methanogenesis)

(Fermentation)

. 2548)

23



2113

2548)

2.12

(CH4)

(Volatile acid)

(Acidogenesis)



( . 2549)

(Logan, 2007)

213

2131

(Chemical Oxygen Demand

CoD)

25



26

(KCrD) 7
(C02) (D)
KCr07
(FAS) KX 7
( 2545)
CHO + KX 72 s e ) Cr3+ + C02 + HAX
1
2.13.2
(Volatile fatty acid ~ VFA)
3
1000

CaC03
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3
1
2
3 1
( , 2548)
(Logan, 2007)
1 204 4
2 NHAHCO + HS04  --reeemmeemes ) (NH42 04+2 20 +2C02
2 CHICOONH4+ 2 (4---memem ) (NH42 04+ 2 CHLOOH
2 NHHPO04+HE04  -wemeeee ) (NHA2S04+ 2 HP04
2  HX03 2 04 3.3-35
4 HX 03 - ) C02+HD
C02
3 4 7 NaOH
4 7

(NHA2 04+ 2 CHICOOH + 2 NaOH > 2 CHCOONH4 + Na504+ HX
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2.14

. 2542 784.4 (
. 2550) . 2553 42,624 (,2554)

BOD5 114,530
( . 2550)

2141 1°

2.5
308
274
' ' 37

8.56
0.8

( . 2550)



2142,
25
6.95
0.65
1 1
2143, ]
26
130 169
27
335 566

( 2550)

2

80
2550)

2581

2.8
18
1.03



2.5

%

, 2550

2.6

pH

BODS|
COoD |

/)
/)

, 2550

308
377
246
62
0.66-1.05
0.82
0.5-0.8
0.65
75.76-76.15
19.27
20.73

447
246
820
1583
130

30

274
32
219
55
4.60-12.86
8.56
3.7-10.3
6.95
80.34-84.45
81.19
18.81

548
219
1523
2581
169



2.1

( .1) 246 219
BOD5( ./ ) 204 335
cob( /) 391 566
(/) 32.19 36.33
, 2550
2.8
(/) 377 -
BOD5( ./ ) 0.54 10.52
cob( /) 1.03 18
(1) 0.08 1.17
, 2550
2.9 :
pH bodb coD FOG
i i i i
5.27 2965 6320 144 1
15 9 43 13
<5.5-9.0 <20 <120 <30-50 <100
99.7 99 a 100

(%)
, 2550



2.15
(2551)
Glass|  Glass |
Glass |
Proteus vulgaris
Sarinee (2007)

18

Glass |l

0.62

32
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