2.1

(Domestic Wastewater)

211 ( 2543)

(Dissolved Oxygen)
(BOD)



212

21

pH
11-7.3
11-7.6
1.0-7.8
1.4-8.0
6.62
6.5-6.7
151
6.8-7.2
1.8
6.1
14

2536)
TS (mgf)
312-718
506-712
494 - 534
740-1,020

1,878-1973
2,814-3670
3,242
132
588
1,925

S (mgf)
25-28
44-194
16-84
25-69
117
242 - 551
il
5
2
2,260
3

(Algae Bloom)

| 2543)

21

BOD (mg/l)
8-27
34-163
14-190
21 - 170
44,6
487 - 112
1,503
8l
94-106
75
h

TKN (mg/l)
13.9-17.08
24
15.4-55
8.40-230
14.2-27.6
14
181
55.1 -84.5
66.8
24.-34.3
53.9-713

1
&«



213 o

70-80

22
(  2536)

| 2543)

1,061
179
2.54
46
600
69
8

| 2536)

2.2

53
123
12.6
0.09
0.27
9%

16



2.2

21

a1rWaidnmsau artuviTd i@y
e e 5 .
v y ¥
arfudiannseu 20nT19u CO,, CH,CO0H Tunsm
\ y v
uavelfizen afusulaeenlad finu Tulmsiau
'Ti"me]ﬁ'?m Aerobic Oxidation Anaerobic Oxidation Denitrification

21

| 2542)




1 Hydrolysis

2 . Acidogenesis

3. Acetogenesis

4 : Methanogenesis



4 3
2.2
Stage
Lipids Proteins Carbohydrates
i I
Hydrolysis Long chain Amino acids Sugars
Fatty acids
-4 Tt

Acidogenesis

Acetogenesis

Methanogenesis

2.2
(Sam-soon

Short chain fatty acids + H + CO,

Acetic acid + H2+ C02

CH4+C02  CH4

->  High hydrogen partial pressure

> Low hydrogen partial pressure

- 1987)

Organism
group

Acidogenic

Acetogenic

Methanogenic



(Amylase)

10

(Hydrolysis)

(Lipase) (Protease)

Hydrolysis 2.3
(Acidogenesis)
1
(Fermentation)
2
(Acetogenesis)
2
2



11

(Methanogenesis)
Starch
Diastase, Ptyalin
y
Maltose
Carbohydrates
Sucrose Maltose Lactose Cellulose
Sucrase Maltase Lactase Cellulase
A A 4 \ 4 y
Glucose Glucose Glucose Cellobiose
+ fructose + galactose
Proteins
Proteinases
\ 4
Proteing Polypeptides
Peptidases
A 4
Amino acids
Glyceride Phosphoric esters
Fats Lipase Phosphatases
A

Glycerol

+ fatty acids

H,PO, + alcohols

2.3

(Sawyer

McCarty, 1978)

hydrolysis




2.3 " (Upflow Anaerobic Sludge Blanket, UASB)

231

Lettinga (1980)

(Gas - solid separator, GSS)

Sludge Bed Sludge Bed
Sludge Blanket

Sludge Bed

Heertjes Van der Meer (1983)

2.3.2

45-60 (Lettinga
1986)

12

24

Hulshoff Pol



Eflluant

oullel
= /Phasc separalw\ Szeélrl\lgg
‘W olomont Effluont «
Hydraulic s

e Transitlon

z0n8

3% .(,*': 2% e
uroblc sludgo blankol(’ Dgenlicn

e N e, a0

Influenl

24

(van Haandel ~ Lettinga, 1994)

13



2.33

L2 =

N BN AR LN, =

10) halogenated solvents

1) (Start up)

(wash out)

6.5-7.2

(intermediate)
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2.3.4 Granular Sludge (Lettinga , 1984)
Granular Sludge
(Seed Sludge)
Granular Sludge
1) Sarcina Granular
Granular 1000 /. Granular
6.5 '
2) Spinky Granlar (. 0.5
60 Granular
3) Filamentous
Methanotrix Granular \VFA (Volatile fatty acid)
4) Rod Methanotrix

2.35
Guiot, Pauss Corterton (1992)

(media)

SEM (Scanning Electron Microscopy) 3
UASB 2.5



SR

P
v
(25

38

Wthanosarcrlna % Ao B
L2
L7

A
hhhhhh

Granu.e

G( P l
Hu'thl

Ah‘A.Il '

Aha

Glucose

Acelale

Concentration ——*

Distance ———

v

2.5 UASB

(Guiot, Pauss  Corterton 1992)

16

Hydrogenic acidogens, Sulfate

reducers Methanosarcina ~ Hzutilizing ethanogens

Hydrogenic acetogens
Methanosarcina, Methanococcales — Methanospirillum

Aceticlastic
HXutilizing methanogens

Aceticlastic Ky
(Granulation)

Aceticlastic methanogens (

HXutilizing methanogens

Methanosaeta

()

Aceticlastic

Methanosagta)

Methanosaeta

Ky Aceticlastic methanogens



Methanosaeta
1 1

propionate oxidizing acetogens
‘' (Fang, Chili L, 1994)

acidogens
(bulk liguid)
acidogenesis 1 acetogenesis
methanogenesis

26

1 | "
predominant becteria in cact layer
* Outer layer:
Acidojens + H2-consumers

Il =Middle layer. SM t-Mr

Il = Center core: Mr

A Acidoc .

SM: Synirophic microcolonies
Mr: steihcHOihrix S

Propoee lyered screiectrie compsion for e grauestestrgso e carhy s

g
Q.

DD
S —

mposition

2.6
(Fang, Chui i, 1994)

17
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acidogenesis
(rate limiting step)
(Fang, Chili L, 1994)
2.3.6 Extracellular Polymers (ECP)
(Schmidt  Ahring, 1995)
Extracellular Polymers (ECP)
ECP saccharide
(soluble - nutrients)
ECP ECP - '
0.6- 20 VSS  ECP
polysaccharide polysaccharide 2:1 6:1
0.02 - 0.05 VSS
ECP
2.1 ECP
ECP (Mesophilic)
(Thermaphilic) polysaccharide
ECP
ECP
ECP polysaccharide ethanogenic ~ acetogenic

acidogenic ECP



2.1

2.3.1

ECP

(Schmidt  Ahring, 1995)
(Schmidt  Ahring, 1995)
1 Transport 2.8
(substratum)
(Brownian motion), (convective)
flagella
Acl'fvo movement
@ O
‘ Convection

.....

DHOSION "N e et o '
@m Substratum

28

(Schmidt  Ahring, 1995)

19



2 Reversible adsorption

(ionic strength)

3 Irreversible adhesion (ECP)
substratum
ECP (adhesion)

4 Multiplication ECP

ECP
2 ECP
29

2.9 2 ECP
1 (Schmidt  Ahring, 1995)



2.38

Hulshoff Pol

(filamentous organisms)

50

2.3.9

2(

(1983)

2-5

(Thermophilic)

(Mesophilic)

3-5

50 - 65

20 -

45



22

2-3

)

1 1

6.5 - 82 6.2
' 6.0 - 65
volatile fatty acid, NH3, -
)
200 - 400 /.
1,000
/.

1000 /.

)

(buffer  capacity)

1500 - 2000 /.

(/. CaC0
04 08



23

) (ORP)
(Oxidation Reduction Potential)

-300 -500
)
)
BOD:N:P 100:11:02 COD:N:P
3H0:5:1 COD : N
100:10
(trace element)
( )
Yeast Extract
1 " 15 /.. Yeast Extract

Milorganite



NH&

50-100

I

200

24

1.2



Na+ K+ Mg Ca

Nat
Caz+

Hughes (1975)

Zl

3,500

10,000

Il

7
50 - 1,000

I

Mo+

Mosey

25



26
2.4 (Expanded Granular Sludge Bed, EGSB)

241 '

1000 /.
Kato (1994)

(Expanded Granular Sludge Bed, EGSB)

242

4-10 | . (Seghezzo ,
1998) 05-15 /| .
(Kato , 1994)
2.10
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UASB EGSB
Biogas /R -

Recirculation

Sludge bed
planket )

Influent P

Influent

2.10 (Seghezzo , 1998)
24.3 (Seghezzo , 1998)

1) ( 4-10 /)
0o, -

8) (flocculent sludge) (wash out)



28

(mass

transfer) 1
(Kato , 1994)
(wash
out) (Kato Rebac  Lettinga, 1999)
(Kato ,
1994)
long chain fatty acid 0 . ..
85-95 (Rinzema Vanveen  Lettinga, 1993)
Kato (1994)
K
Kato Kg 2

1) Intrinsic Ky Ky

(dispersed bacterial
cells)
2) Apparent K Ky biofilm



Apparent Ks

biofilm

wash out

biofilm

Dolfing (1985)

biolayer

29

Intrinsic Kg

dispersed bacterial cells

Apparent Ky

biolayer

(mass transfer resistance)

gradient biolayer

Fick (Fick's first law)

F=- 0 DdCldx
F flux substate
0 biolayer

dC/dx

diffusion coefficient

gradient  substrate  hiolayer



30

flux biolayer gradient
biolayer
biolayer ,
Kg mass transfer resistance
Ky
gradient biolayer

mass transfer resistance

)

2 K

3) biolayer mass transfer resistance biofilm

1.

4) biolayer
25

251

Lettinga .Roserma  Grin (1983)
248 - 581 . 120
2 . 18-20 17

7 62
420- 920 /.
120 32-40
12-18 3
48-70  30-45
520- 590 /. 30
2 9 1

5-179  50- 60



627
120

1985

20

Barbosa

I

4 18

Draaijer

244

0 /.

Singh, Harada

Sant' Anna (1989)

371 I
19-28 9
4 1
8
5
(1992) 563
1,200 5,000
6 . 12
/)2 14, 15 75
(2536)
45 - 24
0.13-0.69 [ .
164-88.1,76.9- 929  59.7- 848
12-24
Viraraghavan (1995)
50 /. 20- 35
3 . 140 300
90 - 92 94 - %

3l



1 (2539)
470 .
48,24, 12 6
81.7, 70.1 65.1
90.7, 88.1 19.2
Agrawal, Harada ~ Okui (1997)
110
9 25
13
Behling (1997)
1.6
85
Ruiz (1998)
1.
sludge digester
24
85
53

63

32

14.5
87.2,
921,
300 /.
9
423 |
55 200
693
2 2
1
5
2



Singh  Viraraghavan (1998)

8 350 - 500

48
10 . 280

Uemura  Harada (2000)

I 13-25
215 6
10
25.2
van der Last  Lettinga (1992)
120
13 3 .
90 1.5-2
17-84
Kato (1994)
30
. 2 2
38 /.
1 ' 600 /.
90
200 /. 0.5
'2

200

33

20

60 - 75

115 - 595
4.7

2.5
200 600

80
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Rebac Ruskova  Gerbens (1995)

43 10-12
500 - 800 . 16- 25
0/ . 90
(2545)
, 160,65 45 /.
2 25 - 28
6 . 2 6 . ,
67,84 64
2

Kato, Florencio Arantes (2003)

120 - 180
%-123 /. 1575 331
3 125,25 375
digess 375 .
87 32 . 1’
25.3 2

van Haandel Lettinga (1994)



Wang (1994)

Sayed

Fergala (1995)

10

<920

N

200 - 700

80

I

25-3

18-20

35
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