Henze Harremoes, 1982

2 1
I (acid producing and methane producing bacteria)

(Acid forming bacteria; Acedogenic bacteria)
(Hydrogen - producing acetogenic
bacteria ; Acetogenic bacteria)

(Acetoclastic  methane
bacteria ; Acetophilic)



(Methane bacteria

Hydrogenophilic)

Gujer Zehnder, 1982 6
3.1
31 ? (Hydrolysis)
(polymer break down)
) l ! 1
Gujer Zehnder, 1982
3.1
3.1.2 (Acetogenesis)

(acidogenic bacteria)
(acetogenic bacteria)  Henze Harremoes,
1982 3.2



100* COD

PARTICULATE ORGANIC MATERIAL

PROTEINS CARBOHYDRATES LIPIDS
21 ' 30%
HYDROLYSIS 1'I'l ‘II!#/””/g/’4—"”*’f’134S(::)
AMINO ACIDS, SUGARS FATTY ACIDS

6% ( , 34%
FERMENTATION A NAEROUBIC
20% - O XIDATION

"PRoMlOMIE sUTRATE a

35* 11

ACETATE 1HYDROGEN

70% 5 8 30%
ACETOTROGPH HYDROGENOTROPH

METHANE

100* COD
. Hydrolysis
. Fermentatl
Anaerobic E)*) Ox:ldallon
Anaerobic Ox Idal lon
Deoarboxy lat lon of Aoetafe
Hydrogen Ox Idatl on

DU~

3.1 g (Gujer Zehnder, 1982)



3L 1] 11

Biopctymer

lipids

proteins

cellulose

hemiceiiuiose

(Gujer

Hydrolysis products

fatty acids
glycerol
alcohols

polypeptides
oligopeptides
amino acid

polysaccharides

igosaccharides
glucose

polysaccharides

(xylans ,pentosans) oligosaccharides

hexoses
pentoses

Organism, 0
exoenzymes, E involve

3 "liASTwsS
Zelinder, 1982)

(' hydrolysis

E I Lipasa
0 : Clostridia

E Protease
' Peptidase
- Proteus vuloaris

different Clostridia
Cellulase

: Fungi

different ClosSidsa

Acetovibrio cellulrticus

- many others

“riemiceiiuiase

Xylanase
Fungi
different Clostridia

and / or

U B

Apparenthyd-elysss  Temperature
;rate .

Kp (per day)
0.4-0.0 00-
(fatty acid esters)
0.6 -1.7 (greases) 35-40
0.12-0.10 (greases) 33-40
0.08 (lipids) 34
0.02 34
0.03 35

0.04 (crude cellulose) 35
34

0.54 35




LIPIDS PROTEINS CARBOHYDRATES

|

Amino ocid

| |

Keto acids

Long chain
fatty acids
' Pyruvic aci

d
Aldehydes
Lactic ocic Q3 ~

l Butyric acid Alcohcls

Propionic ocid

Acetic ocic
Formic acid

3.2 I (Henze Harremoes, 1982)

(ferment)

(hydrogen - producing acetogenic
bacteria) ' (ethanol)

(acetate) Forday Greenfield,1983



3.1.3 (Methanogenesis)
2 [] []
(Acetoclastic methane bacteria ; acetophelic)
I (Methane bacteria ; hydrogenophilic)
|
Gujer Zehnder,1982, Jeeris McCarty,1965, Smith
Hay, 1966 Smith
Hay,1978 (methanol)
. ( * Henze
Harremoes,1982)
3.1.1 3.1.2 '
2
AH2 + Q02 -memeeeemmees > CHE + 2HZO oo (3.1.1)
CH3CO0_ + Hz ----eeeeeee- >CHA + C2 s (3.1.2)
| .
(Loading) (HRT) (SRT)



3.2

Ethanol Acelic acid Formic acid Methanol

Methane

External production (from outside this figure)

3.3 (Henze Harremaes, 1982)

321 '
6.6 - 7.6 ' I

' Zehnder 1982 '
] 6_8 [4 ]
5-6

10
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3.2.2

( €02;3.2.9)

‘ 1,500-2,000 ./ . CaCO3
McCarty, 1964 \

3.4 1,000
I CaCl3

CO, IN DIGESTER GAS, PERCENT

1 1 = 1 | 1
250 500 1000 2500 5000 10000 25000

BICARBONATE CONCENTRATION, mg/l as CaCO,

3.4 02 pH
(McCarty, 1964)
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(VFAIHCO~3) 0.4
| (VFA/HCO0~3) 0.8

3.2.3 (Volatile Fatty Acid)

(Anaerobic Digestion Process)
2
(Acid former bacteria)
(Methane former bacteria)

(Inhibit)
2 "Stuck Digestion™

«

50- 500 J. | )
2000 /.
8,000 - 10000 J . ( )

200 - 400 g



) ) Stuck Digestion
1,000
)
[
3.2.4
3.2.5
(mesophilic range)
(thermophilic range) 47-55%

3.2.6
BOD:N:P 100:1.1:0.2

3.2

3.2.7

13

30-37"



3.2
Harremoes, 1982)
Beneficial.
Compound fonfegtgfdégn Effect
g/ms
Fe++ 0.2 Precipitation
of su ph?ée
I Flogculation/
Bloﬁﬁm
structure
12-120(suluble) -
Ni++ (0.017) Build- up of
'430) ?H~ acto
in “methanogen
0.006 Increse in
activity
Hy++ 0.01-0.02 Flocculation
Cat+ 0.01-0.04 Flocculation
Bat+ 0.01-0.1 Flocculation
ot 0.01 Vitamin B2
0.003 Increase in
activity
504 0.02 Inirease in
activity
K, Nat, Cat+, My
Ni Cr

(antagonism)

Cat+

M+

(McCarty and Mckinney, 1961)

3.3

(Henze

Literature

Speece and McCarty (1964)

opan and van den Berg
1979)

Thauer (1981)

rrag and van den Berg
1981

Lettlnga et al. (1980a)
Lettinga et al. (1980a)
Lettinga et al. (1980a)

Speece and McCarty\(1964)
Murrag and van den Berg
(1981a)

van den Berg (1980b)

14

2- Cu,  Zn,
‘' Nat 3500 /.

50-1,000 /.

" (Synergism)



3.3

Compound

Acetaldehyde
Acdaie
Acitic acid
Acetyjein
Acrolein

Acrylic acid
Acrylonitrile
Ammonia

Free ammonia
Aniline
Caiciumchiorido
Carbon tetrachloride
Catechol

1-Cl-Propane
1-C'.-Propane
2-Cl-Propionic acid
3-Cl-1.2-Propandiol
Culoridd
Chloroform

Copper
Cretans Idehyde
Cyanide

» ituvy

Harremoes,
Concentration
8 liM
2 mM
05 kg/cum
12 M
4 mM

8 kg/cum

6 kg /cum

24 kg /cum

4-6  kg/cum
U4 kg /cu.m.

005-01 mM

26 mv

24 mM
0.2-04 kg/cum
19 mvi

01 mM

8 mvi

6 mvi

<33 kg /cum
0.020 kg /cu.m.

.2 kg /cum
0.040 kg/ cum.
0.040 kg /cum
Q2xQ kg /cum

0.05 kg /cum
65 mv
001 kg /cum.

0.02 kg /cum.
0.75 kg/ cum

1982)

effect ac- jnac- 3U3p.

"ntal jnhib.
%onhib. 4

nhib. begins

50 %inhib. +f
50 %anhib. +
nhib. begins +
(pH net known)
nhib. begins 4
pH not known)
nhib. begins

[H ot knoan)
oartial inhib. -
inhib. +
Acceptable

50 %ainhib.

5G Yainhib. +
no inhib.
50% inhib.
50% inhib.
50 inhib.
50 % inhib.
inhib.

inhib. begins
inhih. begins 4
inhib. begins 4
no inhib. +

g

I

recovery after 4
5days
inhib. begins

+
inhib. begins
no inhib. 4

recovery after 4
5 days

018119

1 (Henze

Literature

hou et al. (1978)
McCariy arid McKinney (195 )
McCarty and McKinney (1961a)
'Somfi et ai. (1981)
Chou etai. 19/ )
Chou et al. (1979)
Chou étal. (1978)
Chou et al. (1978)
Parkin and Speece (1S82)

Parkin and Speece (1982)

Parkin and Speece (1332)

Cecil (1981)

Letringa (157B)

McCarty and McKinney (1961)
Chou et ai. (1978)

McCarty and McKinney (1961)
Lettinga (1979)

Chou et ai. (1978)

Cross (1981)

Chou et al. (1978)

Chou Cl ai. (1370)

Chou et al. (1978)

Chou et al. (1978)

McCarty and McKinney (1361)
Parkin and Speece (1982)
Parkin and Speece (198P)
Parkin and Speece (1562)
Yang et al. (1980)

Yang etal. (1950

Chou et al. (1979)

Chou et al. (1978)

Parkin and Speece (1982)
Lettinoa (1976)

Yang et ai. (1300)

Yang et ai. (1980)



3.3

continued
Compound

B-cymene
Difurfuryldisulfide

2.4-difiibuphenul

FthyJacefatB
Ethylbenzene
Ethylenedichloride
Eugenol

Formaldehyde

Furfural

Guiaiacol

Hydrogen

Laurie acid
Limonene
Magnesiumchloride
MethyZnechloride
Nickle

Nitrobenzene
p emfachinmnn BN 1

p'nenoi

Pots siumchloride

Propanol
Resorcinol
Sodium

Sulfide

Vinylacetate
Vinyichloride

Concentration
0.001 kg /cum
0.010 kg/cum

250 ky /cum.
n mM
32 mvi
0.005 kg/cum
01-05 kg/cum.
10 kg /cum
<03 kg /cum
04 kg /cum
04 kg/cum
24 mM

Effect

inhib.

Total inhib.
lecuvery after
1days

50 %oinhih.

i inhib.
inhib. begins
inhib.

Total inhib.
inhib. begins
inhib. begins
inhib. begins
50 %Ginhib.

0.5-1.0 kg/kg Voo total kill

05 kg /cum
20 kg/Zcu.m-
50 kg /cum
10 kg /cum
20 kg/cum
5. kg, cum
200 kPa. part.pressur
28 mv
05 kg /cum.
0.002 kg/cum
08 kg /cum
0.2 kg/cum
.25 kg /cum
01 mvi
7 kg /cum
26 mvi
02-04 kg/cum.
D0 mvi
29 mvi
10 kg /cum.
10 kg /cum
<15 kg/cum
8 mvi

Inhib.
Total inhib.
Total Inhib.
inhib.
inhib.
Total inhib.
Inhib.
50 9 Inhib.
inhib.

inhib. begina
inhib. begins
inhib. begins
Inhib. begins
50 %inhib.
inhih,

50 %inhib.
no inhib.

50 o Irhib.
50 %oinhib.
Acceptable
inhib.

inhib. begins

50 %einhib.

>0.084 kg /cu.m inhib. begins

ac-

<9

™

unac- susp.
clim.
-
4 +
+
+
+
+
+
+ +
s
-+
+ +
N
+ +
+
+ +
+
=
+
+
+
+
+
+ +
+

ached

%

Literature

Benjamin et al. (1302)
Benjamin et al. (1982)
Benjamin et al. (1982)
Criuu el ai. (1575;

Ohmv of si. (18781

Chou et a). (19/8)

Stuckey et al. (1980)
Benjamin étal. (1982)
Benjamin et al. (1982)

Parkin and Speece (1982)
Parkin and Spaces (1062)
Parkin and Speece (1982)
Chou et al. (1978)

Jans (1331)

Benjamin et al. (1982)
Beniamin et ai. (1982)
Benjamin etai. (1982)
Benjamin et al. (1982)
Benjamin et al. (1902)
Benjamin et ai. (1982)

Van den Berg etal. (1980 b)
Chou et al. (1978)

Benjamin étal. (1982)
McCarty and McKinney (1961)
Stuckey et al. (1300}

Parkin and Speece (1982)
Parkin and Speece (1982)
Parkin and speece (1332)
Chou et al. (1978)
SaJkinnja-Salnnen etai. (198?)
Chou et ai. (1578)

Cross (1981)

McCarty and McKinney (1961)
Chou etal. (1978)

Chou et al. (1978)

McCerty and McKinney (1961)
Lettinga (1978)

Parkin and Speece (1982)
Zehnder et al. (13017

Chou etal. (1978)

Stuckey Stal. (19801
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? ' ! .
3.5)
Parkin 1981

? (fixed bed)

SOLUBLE

HEAVY INSOLUBLE

METALS +  SULPHIDE ------- > HEAW

(COPPER, VETAL

NICKEL, SULPHIDES

ZINC)

NON-TOXIC

TOXIC
QUANTITY OF SULFIDE SALTS
REQUIRED FOR PRECIPITATION CONCENTRATION OF
SULPHIDE SALTS ADDED HEAVWY METALS PRECIPITATED
1 [ . . SUPHIDE ( =) 1.8-20 ./
1 ./ . . SODIUM SULPHIDE (NAZ ) 0.75-0.84

1 ./ . . SODIUM SULPHIDE (Na2 .9H2) 0.24-027 /

3.5 (Heavy metal)  ? (=)
7 (McCarty, 1964)



3.2.8

(Oxidation-Reduction  Reaction)
Reaction)
Tranfer)

Potential)

18

(Oxidation-Reduction Potential)

3 (Redox
(Electron

(Oxidation-Reduction
(Redox Potential)



L > 2
/AR s R — > Cth + HN
CH3OOOH + Ht + & weeeeeeeeees > Gt + HO
3.2.3 R H B
3.2.4
e~ Cle R
e

Facultative Anaerobic Anaerobic

19

3.2.3
3.2.4
3.2.5

3.4
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3.4 ORP ( , 2524)
ORP Eh

Smith Hungate 335 -340- v ORP

(1958)

Reed  Orr (1934) -200 15
Clostridium spp.

Maslava Pantskhava 317 -355 ORP

(1965) thermophilic

Molof (1960) 2000 =290 ORP

Dirasian (1963) 2755 2877 ORP

( Eh = the potential with reference to Hydrogen electrode)

Longsworth Macinnes, 1963
) Blane 1969

Hartz
Kountri, 1966

Molof, 1960

10-40 (36 )
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—300

ol L
;k\&%o\
* 200 R\
o}
i |
£ -400 o wclit
f
450 || '
|
< !
-500 B
0 10 20 39 <3 52 69 (] 100 20 30 <0 &2 &)
Time  (Minutes) ime (ts)
3.6 ORP (Potential variation during

the electrode adjustment period) (Molof, 1960)

(steady state)

-270 my Eh
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3.2.9 (CCM

d c02 d
C0?2 ) c02
3.6 3.2.7
C02 c0?2 CHi
3.2.8

HOO*3 + CHBOOCH (ag) - > CH3C00" (ag) + H2C03 (aq) 3.2.6

H2C03 --semememeeen > C02(gas) + H0 (aq) 3.2.7
C02 + 4H2 -rmemeememeene > CHa + 2H20 3.2.8
3.2.6 " ! 250 /.
415 /

(Total Alkalinity) 310350 /.

c02 3.2.1

3.3

3.3.1 (Anaerobic Lagoons)
3-4
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3.3.2 (Conventional Anaerobic Digestion)
Anaerobic Lagoons '
(Low rate)
‘ CHa
C02 1" 3.7 ) (High
rate) CHA ,
: (37 )
Anaerobic Lagoons sludge
fGAS ;;- GAS
| ' I e T -
b | TR B WA | =k
» o |
e 8 "
Eﬂﬁ 87 e Eﬂﬁ 3.7 8.
3.7

3.3.3 (Anaerobic  Contact) '



(Anaerobic Activated  Sludge)

4000-50,000 /(38 )

: ,—)-- GAS
s e Y
1 .' 7
FEED | | f S
—_,! ! z ‘\I/' EFFLUENT
i | ! {
|
H o> | souics
i | RECYCLE
\/

gﬂﬂ 3.8 N.  TLUUDIRNNLLUADULNAN



i 1 GAS :
ACD  MIXING N
, SEPARATOR1 | —| sawv\gz
REACTOR ——, | AGAS iy S s B g | :
= |- o TOIMETHANE Ty =
FEED | [ i b | L g EFELLENT
—)'e.'»wg } J : | !REACTOH I : i
i L\Y/J | i | gl | .;
H | | i |
A e S R |
| i i ;
l{ SOLID RECYCLE | g SOLIDS RECYCLE i
SAMASTE SOLIDS WASTE SOLIDS
3.8 Tl
3.2 Fluidized and Expanded Bed '
1 1

991
(START UP)
3.0 |

25
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gas
= > e ffluent
fluidized
bed .- recycle
4'."..’1
influ g temmeeeee—— I f
3.9 Fluidized and Expanded Bed
§.3.5 Upflow Anaerobic sludge Blanket (VASB)
Lettinga, 1980
? , Holland
? ? !
Upflow Anaerobic Sludge Blanket UASB
flocculant bacteria ?
C02 CHe
{
( 3.10)
UASB coD
34 7] 6

14-40 YA 3-8



(uniquely grainy)

(well settlement) (thickening)

A GAS
[\
b> \/ EFFLUENT
"T' FEFO
SLUDGE BLANKET PROCESS
3.10 Upflow Anaerobic sludge Blanket
3.2.6 (Anaerabic Filter)
3.1
1.5) ot I I

(bpward flow)

SRT HRT
Filter ‘

Contact Anaerobic Filter Anaerobic contact
Anaerobic Filter
BOD 10,000 g1

Activated Sludge

Anaerobic Filter

Anaerobic

Anaerobic

217



—— gas

= » eff luent

+-packed bed

inf luent

UP-FLOW FILTER

3.11
3.3.6.1 (SRT)
SRT
Mueller M acini, 1977
Young McCarty, 1964 Plumer, 1968

SRT 3.12
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PERCENT COD REMOVAL (« )

100
80 . CK*
g0/
40
20 *Young « McCarty
- o Plummer
0 t i I |
MHUB 888wy AR 800 AR OAA
SRT (days)
3.12 , SRT |
(Mueller Macini, 1977)
I SRT 100 [
Mueller Mancini SRT
100

Fannin Richand, 1987
' SRT 3.3.9

SRT = CdSSMMRV x DANIKTSSI (EV X D i v 3.3.9
SRT = ()
TSSN =
TSSe = '
RV
BV
D

pud
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Fannin 3.13 SRT
1
(first-order decay model) SRT
| , '
3.14
‘ Kelp (Kelp Digester) 35°c SRT 7 -
200 110 - 220 /.
g0 ./ . SRT SRT HRT
- ‘
-l
3.3.6.2 (HRT)
HRT
Mueller Mancini, 1977
HRT I
3.15 Young McCarty, 1964
BODI 3.3.10
TE = 100(1 - 18IT) s (3.3.10)
- HRT () '
E = O



3l

100 T T T T T
PFEFFER (1968) L RSSMETTE

—— — — — — — — — — —

DEGRADED %
s & 8
I

FRACTION OF VOLATILE SOLIDS
N
o

0 5 0 15 20 25
SOLIDS RETENTION TIME o, das
3.13 (SRT)
(Fannin I 1987)
HRT

HRT
SRT
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900
800
700
< 600
o
E
o
tn 500
I
z
2
< 400
|
-
-
w 300
200
100
ol 1t 1 11 1A VA/ARANNNNTS 3 3 1)
0O 8 16 24 32 40 48 56 64 72 BO BB 96 104 112 120 128 136 144 152 160 168 176 184 192 200
SRT, doys
3.14 , (SRT)
Kelp (35°C)
(Fannin, 1987)
PERCENT COD REMOVAL (%)
100
E
80 | e i
3 i
gl
I
| !
i i
40 I I
i
|
20 L. i
! |
(e} i ! ! ! ! | | { l
10 20 30 40 30 80 70 a0
ART (days)
- ; - 5.545 g
J1M 3.15 wua HRT sadszansnlunisnnie dlas 2a9iaIasnsasFeandiqu

(Muller

Macini, 1977)



1 1 1

Young Dahab, 1982 ‘

Suthakar,1981

1 62.1
48.8 Raman Khan, 1978
! 79.58
88.5 6 -8 ] , 1978
9 ] ' ' ' 1984
22 93.28
3.3.6.3
1I 1
BOD:N:P ! 100:1.1:0.2
2 |



3.3.6.4

?
(SRT )
1
(Short Circuit) \% (Hydraulic)
1"-1.25" 1.75" -2.5"
) 43-46%
, 1991
(Quartzite) 25-38
42-47% 140 2/ 3
Acticated Carbon 0.85-2
3,700 2/ 3 85-90%

( . 1981)



Cylindrical

Polypropylene

Dahab, 1982

. (Crushed stone or Gravel)
(Porosity) 0.45
(Baked clay) '
( Raschig rings) 1 0.68

35

] 1 0.91

Van Den berg Lentz, 1981 1

Young Dahab, 1982

. " Corrugatd modular blocks
95 92 2/ 3 ,
pall ring 9 . 90
21 3 90
(Perforated spheres) 95
L5W 3.16

Corrugated modular blocks

Van den berg Lentz, 1979 Young Dahab, 1982

) Young
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3.5

A. Podular cciruyrted tleochs

3.6 ! (Filter madia)

(Crushed stone)

(Gravel) '

' Raman Khan, 1982 '

2.0 - 25 . '
(Sewage) , 1978 :
1984 7! , 1983 Polprasert Hoang, 1983
, 1988
2.5 - 1.5
, 1989
2 0.30
1- 2 ( , 1991)



3.5

Harremoes, 1982)

Reactor
heri
type

HJtfized
Ruidized

Paaninn

Fixai

Foed Qeey potters day

Inert material

Oivurfz stone
Ptestic
Rachigings
Gael

Sand
Plastic lactmil
Red day blocs

Sand

Sand

Oyster shells
Gafnie 3LV
PVCesin
Al oxide

Polerrer foam

Acttved carbon
Lineetcne
Store/sard

Plastic, Eai
saddles
Potyircthane
Radiingrings1
Bal saddles

Red day bloc

Red day bloc

Specific
chracteristica surface

area

Foed film resctors, charactendtics

empty
bed

(empty bed)  porosity

/3
40 mmda.

20 mMmnw

10*16nmm
8-13 nmcxa
25 -Bnmcfa

45-49

01-025mmda

8am

Q3-04 nmdfe.
0.7-0-8 "mcsa
80- 100 nmdia
25-33 liBJdn
lmmda
05 . tfe.
05-07 nméefia

UPnmda.
15 mmda
25 40nmmda
3-Dmm  /
16-30mesh

nmmda.

0.8 mm rfa.

-3

120- 14

28 nmins.da. 141

042
042

>090
076-078
040

043

052
053

(652)
060

U4

03
55- /

=3

(L0)

-0

n (Henz

litera ire

Ataet . (195
Amra and Rourh (1990)
Berjarrin etai. (1981)
Corandoet . (1S8)
Couter . (1907)
El-SiaHe and Bloodgood
s
Frostdl (19812)
Frost (1900
rfail (1983
Fbil (182)
heell (1982)

1)
Hudson etal. (1979)

HIBU ti . (15/)
Jand et . (198D

e a . (198)
J and Sutton (1981)

Lindgren (158
Jndgren (153)
Lindgren (1580)
_ovanend Foréa (1971)
Pretorius (1971)

Mersche and Heider (1)
Mosey (19/8)

Nomren (1989
NfOTTPin (1982)
Plummrer eta). (19 )

“%@ndsn SsrgandLsnrz
199

Wnrien Bem etal.

(1)

Wanden Berg and Kennedy
(1331)

37



3.5 (

Reactor
bed

rypa

Fixed

Auidteed

Fixed

Fixed
Foed
Fed
Fixed
Fluidized
Foed
Fixed
Foed
Fed

Fixed

Bxpanded

)

Fved film reactors, charactendtics

Inert material

Red diail Alle day

Quartritc stone
comugated bioca
ocormugated blocs
Pall ing
Polypropylen spheres

Limestone

Flocer R
Surpec
IVontfj» rrwV
Intaiax saddles
(ipolyproppere)
Storne
Pali rings
Storne
Stone
Sand
Redaay whim
Norton piasne ings
Cormugated Weeks
Qanite chips
Mussel Shells
Corals
Reeds
Limestone
Red day blocs

lon exdhange resin

chracteristics

c2s faninsdia)

23mm insria

*D-0Dmmdia
2Snmmda.
Dnmmda

D *0nm

D mnda.

25-3Bnmm
0.005-0.025 da.

25 7Bnmds.

22mm

25-33 mmda.
15mm
5-3Brmmda

-40nmmnda.
0.7-Q8nmda.
2Smmdia.
9an
7s*  poresize
12-25 mm

28*28nmmpore

05 mMMm/15mm

Specific
surface empty
area bad

(empty bed)  porosity
m2/ milL

el fixa
174 (i)}
&6 a)
042
xR =055
12 0%
1e 036
tse] >035
2500-4000
(07
5300- 1000

210 us
2% 034
040

o83

047

08

043

042

2000

o t,

]l4 35
]m >035
- 40

- Q77

- Q72
036

157 070
560 046

(cortined)

Literature

/an den Stay and Kennedy
(=
san rien Bemand Kennedy
as
Mndan Berg and Kennedy
(1D
Wilkie and Newell (181)
WMBand Newell (19B1)
Yeung and McCarty (1067)
Young and Deheb (1982
Young and Deheb (19829
Young and Dehab (19829
Youngand Daheb (19829
Shiehet . (IRBD
Joharnsen (1975
Martersson and Frosteil
)
Baies ¢ 1)
Chianand  allé (1971)
I* Ir and Stedds <1871)
Wilson and Timpany (1973

Demrfoand Jenrett (1374)
Mueller and Manciri (1979
Seder and Jennett (1979
&own Stal. (1931)

Hall (1981) and (19012)
Hell aral. (181a)

Hill  ai. (1%518)
Daheband Young (1981)
Coileran ~ al. (182)
Colleran etal. (1982
Colleranet . (1989
Ccferan etal. (182)
Colleranet . (1989

<enpdyandVan dene aa
(13229
Jendl et . (198

38



3.3.6.5

A2

, 1984

UASB
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3.3.6.6 ?
(Filter depth)
) . 1978
0.50
1.00
Suthakar, 1981 60
60 wladimir, 1983
120 . ' Raman Khan,
1982 ' 1984 1989
052 . 1.0 ' (Hydraulic Loading Rate)
11988 1.00 . 1.80
1.00
Raman
Khan, 1982 1.20 - 1.80

0.9 - 1.20 . Khan siddiqui, 1976
1.20



1.80

11030

3.3.6.7

3.6

(HRT)

1-1.8
(Short Circuit)
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3.6

o

" (Soluble Waste)

recycle I

(Shock Load)
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3.3.7 I (Septic System)

1
Ground level
b 3 0.6 theel plabe or prveast conorvm pine l 30.5

R — < - ﬁ
»_':b[;—ﬂ REEE SRR O % ]
— — Yy - e — —

L3

/

10.2 cast lron or |
vitrified tie

raw sewege
Intet

121.92
38 .1 ',]

overlap = :‘ _1____"‘ e = . 3l i
: ‘L"':-'. R AR T Sestoen A

section on ¢.

3.17 All dimentions in centimetres
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3.3.7.1

3.3.71.1.1

3.3.7.1.2

3.3.7.1.3
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3.3.7.1.4 m
3.4
Coulter . 1957
67% 25°
Young McCarty, 1969
Raman chakladar, 1972
340 ) 73% Raman

Schwartz ., 1980
thermal conditioning liqguor Waste
24

45

BOD
BOD 2%
BOD ( 130

Khan, 1978

2 (Secondary Treatment)

sludge
10,000
60-80%
20-25%
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Jennett 1980 ‘

(Phamaceutical Waste) ? 2,000 A 36
. 35 °C ‘ 70-80% 04%
? . 61% !
Friedman . 1981 ? ‘
? 3,000
24 " ? 40-50%
76%
Hines Weeter, 1981 ?
? ?
3 3,000, 1,500, 750 5.4 Hydraulic Loading Rate
(HLR) 2 0.0068 - 0.0136 [ 2- 6 2
Lo S 5 B e A :
' ? 94% 10
S 3.03 2 /3 HRT=2 . HR=10.010 | 2-
‘ 207
1.035 2 /3  HRT=41 . HR=0005 [ 2
0.50
? 2.5%

Nitrification

(. . 1981 ?
BOD5 30,900-40,000 g ? 77,430-110,000 g
I ' 70%
943 2 | 2- 1462 .7 | 2-
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, o 27.96 .12
0.054 |/
0.506 3/

Frostel, 1981
(Sludge Bed System)

84 . 125 ‘ )
(SBR)
780 I ' 0.7-10
| 3-
(SBR) (SBR)
87% 68% 2.8 0.1 . /3
93% 9%
2.1 105 . |3
1981
0.833
0 . 3
8
94%
167 . |3 54%
Khanlique , 1982
2 Activated Carbon
Enthracite  coal 3 ' ,

phenol dilute paint, stripping bath wastewater
51 . 61 . ' !
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2 (recirculation) 50 1
3.55 ', 35 °c
Activated Carbon

Antracite coal

Landine , 1981
(Anaerobic Fermentation Filtration)
(Fermenter)
r ¥
| (Fermenter) ‘ '
73.3-86.8% . 45.3-67%
082-1.20 . [ 3 8.2-19.2 ',
I Anaerobic Fermentation Filtration
85-95% RA 7 i
, 1984
5 4 25%
(Steady-State)
Donovan . 1981 ‘ sludge
heat treatment liqguor Waste 6.5 : [ 2-

1 36 . 75-85% 55-65%



49

GOBAYASHI, 1983 ?
§0)) 288 . 20, 25 35°
0320 .1 [ .. 1 ?
[C: R ' 7 T% ?
0.117 |/ ? 1.2 X 10e
MPN/100 ml 4.1 X 10 MPN/100 ml
Wladimir, 1983 ?
60)) 120 .
HRT) 7-9 66 - 3% ? |
? (Rotating Biological Contactor)
% 80)) ( RBC
e0)) 3 )
Ajay K.J., 1983 Upprading Anaerobic Filter Effluent
for viral control, ? ,
2, 3 4
' 2 -2, 3-3 4-4 7
7.6 X103 3.2 X 105 MPN/100 ml.
8% 2, A% 3
%% 4

99.53, 99.94  100%
22, 33 4-4 (



n0 , 1983 '
80 . 140 .1 80
140 25-35 . 100 . 1
| 4-6
1 4 ‘ '
35.78 I 4.1 1 '
(Detention time) 14.5 60 BCD
89.69 Fecal Coliform (MPN/100 ml) ‘
1.5 X 10% - 9.2 X 10e 2 5
BCD 41.1 5.5 .
(Detention time) 11.6 15 /
88.2 Fecal Coliform
(MPN/100 ml) 9.0 X 103 - 3.5 X 106 3
b 6 b 9 /.
6.7 .. (Detention  time) 9.7
90 85.9 Fecal
Coliform 4.0 X 103 - 5.4 X 108 (MPN/I0OOmI)
, 1988
25 - 35 0.50
5
120 ° ' 29.87 ./ BOD
379.73 ..
214.10 o 5
79.96% 76.10 /.
80.33% 4210 .
10 85.36%

50
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5560 . S 8780%  SS
26.10 . *) Fecal coliform (MEN/100ml)
' ? 13 X 10* - 24 X 10
Fecal coliform  (MPN.100ml)
5 0.25 X 10* - 24 X 10* Fecal
coliform  (MPN/100ml) ?
10 0.1 X 10* - 18.4 X 10*

) , 1989
? ?
5-6 ' 3 %)
(pilot scale) (

Hydraulic Loading 0.076 - 0.094 .3/ .3 ( ' 4.5
65 [ | ) ? 86.10
90.25% BOD 31.05 - 3282 /.

) ' 1991 : ?

(Pilot-scale) ? o 13
2 1 7 1 )
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0.90 . 3.1

37 ' .
(, 1990)

(MPN/200 ml)

3.6 X 10 2.4 X10s
11X 10s 2.4 X10
11 X 10s 1.5 X 106
' 43 X 10s 2.4 X10e
3.6 X 10* 2.4 X10e
1.1 X 10s 1.5 X10e
11 X 10s 2.4 X106

Le H.H., 1981 Viral Indicator Removal in Anaerobic
Upflow Filter ' Bacteriophages
Anaerobic Upflow Filter (AUF) 96, 72, 48
24 0.04 031 . [ [
phages Coliforms
Viral AUF

Coliforms bacteriophages

(suspended Solids)
(AUF) phages coliforms,



coliforms

0.30

)

bacteriophages

, 1985

30

13 5
2000, 6000
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phages
Anaerobic Upflow Filter

[
10,000 /.

90 9%

, 1985 Le HH. 1981

100-200
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