21
(Biological Treatment)
95%
(Sludge)
effluent
2
2.2
21
21
22

(Mash Distiling Column)
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21

90
23-400

90
40-7120

812
16-4,560

pH

37
23
56
12
45
122
6.8
43
85

88.6
531

295
24-385

428
29-59

21475

17,500-

45,000
1
10-450

2
11-42

COoD

1181
5,970-
193,600
20
36-%

%2
8159

coo/
BOD

43
190-
.67
22

20
14

2

11,319
5,240-
23,830
107.3
7658

124
0.5-815

TS (

)

75,830
36,280-
123,640
3085
9%-1,414

2118
34-982

VS

(
)

98,520

30,280-

59,220
1438
36-3%4

%4
22-118

(

21
Trace-260

| 256)

Total
N (

)

94
40-
2,1
32
0.7-
105
34
0.33
30

P

115
24-380

0.16
0.08-
0.25

47
2,300-
8,900

3720
1820-
51

1
56-130

o7

134



221
13
)
!
785
50
9%
3 3
222
2
2
Down)
(Condenser)

(Molasses)

(
(Beer or Mash)

100

28

(Blow

(Browning Reaction)



23

2.2

2.2
Parameter

CoD

bod5

Alkalinity as CaC03
Total Solids
Suspended Solids
Settleable Solids
VFA as acetic acid
Phosphate

Sulfate

Total Nitrogen
Potassium

Calcium

Sodium

Total Volatile Solids

8.35
36,247 mg/L
8,000 mg/l
10,600 my/l
44840 mg/L
3,725 mg/1
mgllih
535 mg/l1
00144 mg/1
Al mg/L
1,79 mg/1
9,000 mg/1
3125 mg/l
4 mg/1
24,690 mg/1

Non-methanogenic phase

22

sludge

new cells

4

W

organic acids and 2

non-methanogenic

sludge

methannogenic

methanogenic phase

new cells

—ZV CH4and C02

methanogenic

non-methanogenic



NorHethanogenc phese
3

231 Non-methanogenic
1 (Hydrolysis)

(Polymer break-down)

21

Carbohydrate - oM, 1 > CHIA (Glucose) 1)

2 (Acidogenesis)
(facultative bacteria)
(fermentation)
(Volatile Acid) , 5 1 (Acetic acid)
(Propionic  acid) (Butyric  acid) (Valaric  acid)

(hydrogent partial pressure , ppH2
23



(Acid Former)

22
CoHD6 + 2HD —— — —) 2CHXOOH + 4H2 +2C02
(Glucose) (Acetic acid)
Hindin Dunstan (1960)
acid) (propionic acid) (butyric acid)
STAGE
Solubilisation Starch
@ |
0 p
EMP

Acidogenesis

|

(2) 2 Pyruvic + 2H,
Low H, partial pressure High H, partial pressure
2 Hac + 2C0, + 4{ \W
A
Acetogenesis Low ppH, ||| g & Hiigh ppH,
(3) Hac + CO, + 3H,
HPr

v

Methanogenesis [3CH4 + 3CO, + ZH,OJ

(4)

23

: Sam-soon et

v

22)

(acetic

A\

[l.25CH, + 1.75CO, + 0.5H,0 |

[1.75CH, + 1.25CO, + 1.5H,0 |

, 1987




10

3 (Acetogenesis)
2
acetogenic
(Volatlle acid) ' (Acedogenesis)
(Homoacetogenic Bacteria) (Acetate)
(Formate) (Methane)
(Volatile acid)
(methane)
23
CHgCOOH AN e *  Acetate + H+ 4 C02 (23)
232 Methanogenic
(methane) substrate

non-methanogenic phase
Methanogenic Bacteria

Co2+ 4np -MEEECEER | B L o 24
cHOH  MEECEER P O 4 o) 4+ oD 25
chxooh - MEUECEER,) (. o) (26)

2HCOOH + { MIBWHCEER W 4 oo o7



Archae bacterea Albagnac (1987)

(strictly anaerobic bacteria)

potential redox 500 mv
24
Buswell 2.8 24
CrHOMWNd+ (n-a-h+3dHD - ) (n-a-h-3d)CH4 + (n-a+h+3d)C02 + dNH4 (29)
Anaerobic  Bacteria
(23
CHD) + HD e ) C02 + 4H+ + 4 electron (29)
241 2
2411
210
MH2 + C02 e ) CHA + 2HD + 324 Kcal (210)
(Formic acid) 211

HCOOH > 02+ 2 (211)



bio

Organic matter

(polymer) (a)

l@

monomer

v

CH, + bio

Biomass
Protein Llipid Lcarbohydrate
Sugar 1amino acid 1volatile acid

24
. Perrier, 1990

butyrate

pro

lacta

®

P acetone

12

1

hydrolysis

butanol
propanol

ethanol

panate

te acidogennesis

acetogennesis

methanogenesis




—~ [CHOn

©

l
|
|
0 | @]
I ,
l RESPIRATION
NOy/N, | OO CHq
| )
| @
CcO : \
MnQO,/Mn2+ 84 H,
H’/Hz
NO:;/NHR 3042'/82’
FERMENTATION
Fed+/Fg2*
' [C2HsO]
ANAEROBIC ‘ ‘

- RESPIRAT .ION \.——/

POTENTIAL REDOX

()  Bacteria

(9 Photosynthesis

(3  Algae IPlants

(4 Synthesis of methane
25 §

: Caninez,1990
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2412
L O/TC 000 E—— ) CH4 + 2HD + 671 Kcal 1)
1)
( | 212)
)
G2k 0010 R S—— ) 2CHA+ 2HD + 3001 Keal 1)
1)

2.5
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. 1968 (Young
McCarty, 1969)
(Gorur , 1986, Guiot :
1984)
(Guang Hao Chen , 1997)
10
(Sayed, 1987)
1 / (
) (Young McCarty,
1969)
(bioactivity)
(Tilche
Vieira, 1991)
Hydrolytic bacteria ~ Fermentative bacteria
(Punal , 1999)
2.6
2
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26.1
2 30-38
‘ " (mesophilic bacteria)
4857 ‘ "
(Thermophilic bacteria) [
1 2
Kotze (1969) 2 3
t 28 49
£ 08 £ 03 49
26.2
COD :N :P 100 : 11 : 02 (McCarty,1964)
263
66 - 76
6.2
68 - 72
03-04
Dague (1970) 6.5 5400

70



7,200

Kirsch

264

265

265.1

Sykes (1971)

McCarty (1964)

50-100

Eis

2652

200

(1989)

200

Cu INi, Cr,Pb 1Zn , Hg

(NaHCOg)

(methane former)

CaD

17



Lawrence  McCarthy (1965)

(NiS04 (FeS04
[
2653
(NH4)
McCarty (1964) 'T4
3,000
Hobson Shaw  (1976)

ethanobacterium formicicum

26.5.4

Noack (1980) (Phenoal)

Johnson Young (1976)

2.1

18

(CuS04 (ZnS04

(NHg)

1,500
3,000

McCarthy

01-04

04



2,000

6.55

50%

20'C

30%

6.8

19



211

200-400

1,000 /

1,000 /

Buswell (1952
CHyCOOH 2,000-3,000

Krocker (1979)

Lettinga (1980)

20

30-60



2.1.2

(Buffer Capacity)

(C02 Buffer Capacity
1,500-2,000
/ (.
) (. CaC03)
04
08

(Volatile acid)

Graef  Andrew (1974)
SRT 15
3,000 .. 4000 2% 10

213
2.14

Metabolic Activity



275 (ORP)

2.3

* Ag/AgZL, Reference Electrode
1253

2.16

+300
+100

-300
-500

-300

2.3

-500

22



28

9
10.
(Dead Zone) '
1



24

29
29.1
(chemical coagulation)
(FeCLj)
5
2 3 1
197 (
, 2525)
(Hayase 1984)
65%
6.72% 2 70
100 37 28 o4
% 5,300 - 3500
197 1

(  2525)



Hayase (1984)

25

(commercial inorganic flocculant) [Fe20H){S04312.1
2 8 9%
2% 3%
0
9R%
292
Uhrich (1989)
(electrolytic cell)
(iron alloy) (ferrous iron)
(coprecipitation)
1 (ferous hydroxide) Indigo
dye 500 04-2
(Clear colorless solution) Atintic Paper Red Liquid
91 74 03 125
Thomas (1989) water clarification apparatus
(dye lagoon)
480
100 100 400 80-640
000016  0.00128
293.
Ohmomo (1988) (anaerobic bacteria)

30
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Basidiomycetes Ascomycetes
16
(2527) D9 Deuteromycetes
) 10 25
02 6.0 0.15
D %
D
0 910 10
810 12
65 60
955 934
Sinamintapiboon (1988) D-%
BOD CoD
D-9% 0% 10
BOD 8% D-9
25% 0.2% 0.1%
0.05%
475 35
6.0 30°c 10
D-% 17.5% !
0% il BOD  90% 15
(fedbatch) 80%

10 BOD  70%



21

Ohmomo (1988) (facultative anaerobe)
(melanoidin - decolorizing activity ) MDA
[ Lactobacillus hilgaidi - NS 28 %
' 10% 0.2% 0.3%
0.1% 0.05 %
73 30°c 5
40%
Ohmomo (1988)
Lactobacillus hilgaidi W-NS
1% 50 5
0% 1 0.05%
(column-type reactor)
5 13
1 ! 1 2
60
1,000
2
1
28 126 1 20



3,000 - 6,000

06

15-20

100

28

100 - 200



1
(aeectic adivated s

80 10
2

6-8

85- %

2

3
2
1
(Tozawa , 1979)

(Fecy

197

29

(252)

40 - %0

3



210
(2527)
4 5%
2
(2541)
2
3 25
1.25
825 1650 3300 3850 5500 /.
9 22 44 88 10.26 1467 . |3
8 77 71 47 3%
2595048  44%
(2530)
231 14 . |3
667 1111 55 . |3
1 031x103 ./ .
058 xio2 . | . 65.5
54 298 | ..
657 1333 543 . |3
1333 0.37x10 . | .
0.55x10n . | . 675

68



A

(2529)

30
13 5 . /3
2,000 6,000 10000 /.
1 /3
N %
1 /3
5 /3
03
(243
2.8
0 . 109 23
' I © 5900
751015 367 489 733
uer . .. % 72
64 4 92 247 29 389
576 529 502  50.3%
!
61 . 13
045 .
Timur Ozturk (1997)
39
mesophilic 2

125449 1



51-0.9 814 %
24

TilcheLL (1994)
(nutrient removal)

mesophilic |
% 92 2
80%
lzau (1992)

(Sludge mineralization)
(specific methanogenic activity)

12

0.742

2
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