21

211

phenolic
1

Pesticides

1 2543)




212

21

1
, 2548)
pH
7.1-73
1.1-76
7.0-78
7.4-8.0
6.62
6.5-6.7

TS (mg/l)
312-718
596-712
494-534
740-1020

1878-1973

21

SS(mg/l)  BOD (mgll)  TKN (mg/l)

25-28 8-21 13.9-17.08
44-194 34-163 24
16-84 14-190 15.4-55
25-69 21-170 8.40-23.0
117 44.6 14.2-27.6
242-551 487-112 14



| <Tng<fnalHMI>] Z |

oH o TS(gl)  SS(mgl)  BOD(mgl)  TKN (mgl)

750 2814370 6l 1503 181
6872 342 5 81 5.1-84.5
778 73 29 94-106 56.8
61 58 2260 75 24-34.3
74 1925 3% 3% 539-71.3
213
( 1 253)
70 - 8
22
214 ( 252

2543)
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2-3

22
(  2536)

25 53

1061 123
179 126
254 0.09
4.6 0.27
800 94
69 pil
18 16
(Organism)
@ )

(Maximum limit)

(Grab sample) (Composite samples)



2

.2

24
(Industrial wastewater)
0 5
2, 4,8 12 24
24
Detention time
( )
215
23 24
2.3 (Pollution Control
Department, 1994)
Inqistrial Building effluent standards
Parameter  Unit  effluent
standards A B C E
COD mg 02L - - - -
bod5 mg02L  20-60 20 30 40 5 200
N mg NL - 3 3 40 40
4

21



24

(Pollution Control Department, 1994)
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No. of Micro-organism

“

Lag Log Declining Endogenous

i

Growthl Growth | Growth Growth

Phase Phase

Time

21 ( - 2544)



2.

231

2.2

10

asliBianmseu AN3UYITE LN
A A A
ansFuBIaNATaY 28NFIaU C0,,CH,COOH Tumsm
A y A A
uaUfizen Arfuaulneentas finu Tulnsiau
Feufnsen Aerobic Oxidation | Anaerobic Oxidation | Denitrification
22 ( 254)




1

3.3

(Hydrolysis)
(Acidogenesis)

(Methanogenesis)
(Hydrolysis)

(Acidogenesis)
1

(Fermentation)

(Acetogenesis)

34

11
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3 (Acetogenesis)
2
2
4 (Methanogenesis)
3
3
Stage Organism
group
Hydrolysis Lipids ~ Proteins Carb<‘hydrates
1
Long chgin amiro acids oar Acidogenic
Fatty acids
Acidogenesis \ |
Short chain fatty acids + H2+ o2
Acetogenesis - UNI Y Acetogenic
Acetic acid + H + 102
Methaneogenesis , Methaneogenic
chd+co2 CH,
---------- ) High hydrogen partial pressure
Low hydrogen partial pressure
2.3

(Sam-soon, 1987 2546)



Starch

Diastase, Plyalin

13

Maltose
drates i
Carbohy Sucrose Maltose Lactose Cellulos .
Sucrase Lactase
Glucose Glucose Glucose Cellobiose |
+ +
Proteins
\L Proteinases
Proteins Polypeptides
\|/ Peptidases
‘Amino acids
Glyceride Phosphoric
Fats \|/ Lipase Phosphatases
\
Glycerol H,PO, +
+ fatly I

24

(Sawyer and McCarty, 1987)

hydrolysis



24
241

(1980)

14

(Upflow Anaerobic Sludge Blanket, UASB)

(Gas solid separation, GSS)

10

50

Lettinga
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0. ) Halogenated solvents

243

2 (Feed inlet
system)
45 - 60 (Lettinga, 1991)
33
36
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2.3
(Lettinga, 1991)

(sludge blanket)

Ellluent

e f E v
Influent ' Influent l Ty blacker

s

o) Biogas

©
Plastic cover |
Efluent EHluent

N N
lnmm_] Sl\;d}ablankel @—-l Siudge bed

Influent

2.5 (Van Haandel
and Lettinga, 1994)  (a) Upflow anaerohic filter; (b) downflow anaerobic filter; (c) fluid bed ;(d)
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expanded bed:;(e) contact process; (f) Upflow Anaerobic Sludge Blanket, UASB; () anaerobic fluid
bed reactor (RALF); (h) expanded granular sludge bed (EGSB) digester

(a) Submerged separator (Pedregat)

1

=rl}\
N

separpior slement sepersior glemeont

\ [ KMV

(b) Separator with gas under atmospheric pressure

4 ’ :
A Y WES TS T - protective ;

furbulence sheel
1eparstor element lep'omo' tlement

5

(c) Hybrid separator with opening for mainlenace

26
(Van Haandel and Lettinga, 1994)
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(Sludge bed) 40-100 . /3
(Granule)
1,
244 Granular Sludge (Lettinga et al., 199%4)
Granular Sludge

(seed sludge)

Sarcina  Granular 1
Granular 1000 /.
6.5

Spinky Granular (N 0.5
60 Granular
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Filamentous Vethanotrix
\olatile acid
Rod MVethanotrix 5
25 (granules)

Guict (1992)

SEM  (Scanning Electron  Microscopy) 3
37

Hydrogenic acidogens
Sulfate-reducers

Methanosarcina spp. 2
H2-using methanogens "-;;f'. , S

' Hydrogenic acetogens
H2-using methanogens

e I e duee
I :
Glucose ™ ﬂ%w i %%%‘ _
6 Acetate _: ' %

Prooion

H2

Cor

Distance ———

‘21 (Guiot et al., 199)
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Hydrogenic acidogens Sulfate

reducers Methanosarcina  H-utilizing methanogens
Hydrogenic acetogens H2-utilizing methanogens

Methanosarcina Methanococcales — Methanospirillum
Aceticlastic Methanosaeta

H2-utilizing methanogens
Substrate ( K )

Aceticlastic Ks Aceticlastic
(Granulation)
Aceticlastic methanogens  ( Methanosagta)
substrates
Methanosaeta affinity
Aceticlastic  methanogens
Methanosaeta
(non-
carbohydrate) propionate oxiclizing
acetogens (Fang etal, 1994)
acidogens
(bulk liguid)
(acidogenesis)
(acetogenesis)
(Methanogenesis)

29

(acidogenesis) (rate limiting step)



| wwijnnon Km  2HEL}f
[ WOTWVHTOneiga J 1

(Fang et al, 19%4)

A
FCLGI 111 E
- AN
.:*-. 5 Sy
A Ma ' 1 . .
Mtlhonothfix I

AUMaagedn e o aosionf te gaubs e He oty s

28
(Fang etal.,, 19%)

25.1 (Granulation) (Schmiat and Ahring, 1995)

1 Transport
2.9 (Subostratum)

flagella
Active movement

’0‘0 ~.
OO
otore e et

29
(Schmigtt and Ahring, 1995)
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2 Reversible adsorption

(Sulbstratum) :
3 Irreversile  adhesion (Extracellular
Polymer,ECP) (Substratum)
ECP
(adhesion) 2.10
4 Multipication ECP

ECP

2.10 2 ECP
(Schmicit and Ahring, 1995)

252
Holshoff Pol (1993)



1 2

(Filamentous organisms)

2 ( 5 . ..
, 5 .
3 » ...
0 . 1.
26
26.1 (Temperature)
2
-1 (Thermophilic) 50-60
- (Mesophilic) 20-45
(Thermophilic)
(Mesophilic)
2-3

26.2

23



NH3

H2S

26.3

1,000

/.

264

04

265

24

! 6.2

6.0-6.5
\olatile fatty acid,
200-400 /.
1000 /.
(buffer capacity)
1500-2,000 /.
(/. CaC03

08

(Oxiclation Redluiction Potential)



26.6

26.1

350:5:1

26.8

25

300-500

(Substrate)

(Nutrients)

BOD:N:.P = 100:1.1:0.2 CODINP =

100:10
(trace element)

Yeast Extract

(Toxic)



(NHI

10

1.2
NH3

(NH)
NHY

200

Na+ K+ Mgt 1 CAZ 2

10,000

I

26

50



2.1

21

(Expansion Granular Sludge Bed, EGSB)

acetolactic methanogenesis

strictly anaerobes

0515 [/ .

5-6

I
" (Kato et al., 1994)

1000 /.

2 (Kato et. al.)

(Substrate)
Ks (half velocity contstant)
30-20 . /.

(washout)

(Expansion Granular Sludge Bed,EGSB)
(Substrate)



28

UASB EGSB

Biogas

Biogas

FMuent Effluent

>
-—-—’ qj

Recirculation

Sludge Sludge bed
blanket

. Influent © T

influent

211 (Seghezzoetal., 1998)

(granules)

(granules)
(wash out)
(Kato et al.,1994)
26.1 (Seghezzoetal., 1998)

1. 4-10 [ .
0 . 1 ..
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4, (granules)
B

6.

1. (Flocculent sludge)

(Zoutberg and Frankin, 1996)

(mass transfer) (Kato et al.,1994)
(Psychraphiles)
(Zoutberg and
Frankin, 1996)
K| 8595 (Rinzema
etal, 1993 (Seghezzo et
1998)

(Kato et al.,19%4)
Kato et al (1994)

(Substrate)

(Substrate) Ks
Kato Ks 2
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LInstrinsic Ks Ks (Substrate)
! (Dispersed hacteria

cells)

2.Apparent Ks Ks biofilm

" (granules)
KS Ks
biofilm
(Dispersed hbacteria cells)
biofilm
Ks

Dolfing (1985)

biolayer
biolayer
(mass transfer resistance)
biolayer Fick (Fick’s first law)

F = -0DdCldX

F

0 biolayer

D

dC/dX biolayer



A

biolayer
biolayer
Ks
mass transfer  resistance
Ks ' 1
biolayer mass transfer resistance
L.
2. Ks
3. biolayer mass transfer resistance biofilm
1/
4, biolayer
2.8
28.1
Lettinga (1983)
120 granular sludge
12
17 18-20 8- 581 |
12 62
120
32-40 12-18 ,
420920 /. digested sewage sludge
48-70 30-45
3
30 il 520- 590 /. 9

1 57 - 59 50 - 60
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Barbosa  SantAnna (1989)

9 120
627 /. ' 1. 19-28
4
1
(granules)
8 . (start up) 5
14 18
Lalit Kumar Agrawal (1991) 140
4 500 /. 824 .
85 1% . /3
8 /. ' 6
Krispa Shankar Singh (1992) Lalit Kumar Agrawal
500 /. 36 .
92 3/ 4 . [ 3-
ur 6
(2536)
244 3 .
45 -
24 022-159 [ 3 0.13-
069 [/ . 61 /3
3
76.4-88.1
76.9-929  59.7-84.8 12-24
20 30 /. 9
25.6-10L.3 ./ . 52-68.2
19 /3

0.55-0.70 .



Ruiz (1998)
2 2
2 sludge digested
24
85
53
2
Schellinkhout Cellazos (1992)
4 35
facultative pond 107
66-72
1
360 /. 2
facultative pond 3 )
0-77
Haskoning (1996)
pond 1
plan 1994
18

polishing pond 0.13

50

/)
1183 /.

3,360

3

20
693 /.
5
63
5
pilot scale
2
5-19
(start up ) 1990
31000 .. 1
45-60

post treatment

Ganga Action
13
32

0.95

Ganga Action plan (30 /

12,000
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8186 89
bl - 63 53- 59
282
Van der Last Lettinga (1992)
120 13
9 . 4.
Bennekom 3B .
250 /. 5-7
I . 45 84
21 29
69
Kato (1994)
25 30
2 600 200 /. 2
2 38 /.
600 /.
190 81 . /-
2 100-200 /.
80 2. |- 05
2 1
200 /. 2
Rebac (1995)
43 5 10
(volatile fatty acid) 1000 /.
2 . .. 1. 240
120 80- %
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(2545)
5
1 2 06
05 [ . 2
120 / . 2
4
25-28
D 65 /. 45
5 0 80
51 | .
Kato (2003)
331 3
125 250 375/ . 4\
120 -180 /. 94-123 .
(Flocculent sludge)
28.3
Hulshoff Pol (1983)
/3

150 /.

et - 108

35

35 6.5 10.0

160 /.

157.5

. 5 |,

2-

ethanogenic activity
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Wiegant Lettinga (1985)

spherical floes

1) |
2
)
Dolfing (1985)

(specific activity)
Weigant  de Man (1985) '

(55 °C)
200 /. 700 /.

(seed material)

Endo (1988)
anaerobic sludge
bulking
Schulze (1988)
gelatine

NH&



3

Guiot (1992)

SEM(Scanning Electron Microscopy) 3
Hydrogenic acidogens Sulfate
reducers Methanosarcina ~ H2-utilizing methanogens
Hydrogenic acetogens H2-utilizing methanogens
Methanosarcina Methanococcales — Methanospirillum
Aceticlastic Methanosaeta
Fang (1994)
(acidogenesis)
(rate limiting step)

284
. Muray L van der berg (1981)
100
50 50

Shen (1993)
200
yeast extract 60
(EPS,Extracellular polymeric
substrance)
(2539)
2 18 . /..
6 . 3 1. 2.

100: 0.008: 0.008
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