Organic + Nutrient + 0.

(Activated Sludge Process)

(Sludge Age)

bacteria
C0.+HzO+Energy+New Cells

2.1



0IRNAZNOY

2.1 , ( 1 1988)

(Activated Sludge)

3
1) (Transfer Step)
15-30
2) t (Conversion Step)
(Oxidation)

(Synthesis)



3) ( culation Step)
(Floe)
(Contact-Stabilization Activated
Sludge Process) 2
(Contact Tank) (Stabilization Tank)!

I3 2
.J,“;gu‘nq : /\
2 > ) n:nnn noyu dn

A :
5
aznavlnaniv

v -~
Foptenay g /N-nauawu’w-fnluﬁ: "
N o

o
u(
De
|
»

( 1988)



Ulrich Smith  (1951)

Biosorption
(Adsorption)
Speece (1973)
Orhon Jenkins (1972) - (Growth -
Decay)
2.3

(Nutrient)

400 /. 30-40 /. 6-10 /.



2.3

~H, mq/liler

2.3

Time, days

( . 1991)



3
70-90%
(Organic Phosphorus)
2.3.1
2311
1) Air Stripping a
2) Filtration
3) Reverse  Osmosis Semipermeable
Membrane Osmotic Pressure
3
2.3.1.2

1) Breakpoint  Chlorination



Dechlorination Residual  Chlorine

2) lon Exchange

3) Chemical Coagulation

4) Carbon Adsorption Activated Carbon

2.3.1.3

» 4
2.4

1) Ammonification

2) Assimilation

5%

3) (Nitrification)

2 Nitrosomonas Nitrobacter
4) " (Denitrification)
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(Anoxic)
Assimilation Cell
Ammonification Y \ Nitrification
7
organic-N NH-N > NO, -N o~ NO; -N >
T . organic maller
N, l
0, - NG, + 0,
Denitrification
2.4
1) Oxidation Pond Pond
W
vJ

2) Harvesting Algae
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Reverse Osmosis

2.3.2

(Precipitation), Coagulation (Adsorption)
(Alum) FeClg (Lime)

A1P04, FePO. Cad0H (PO., .

Sweep Coagulation

(Activated
Sludge) ,

-3 .



(Nutrient) 10-30% '

(Release)

(Luxury Uptake)

2.1

2.3.3

Eutrophication Photosynthetic Autotroph

(Biomass) 600 /.
828 .. ( 400 . )
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1.
Blue Baby
)
/
/
Precipitation
Wilson
(1990)
(Conventional
Activated Sludge Process) Alum
3)

(Sludge Bulking)
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(Selector) (Filamentous
Bacteria)
Wanner (1987)
Type 201N Sphaerotilus Natans
(Substrate Utilization Rate) ,
(Poly-P Bacteria)
4)
Hong (1991)
(Organic Loading)
Lehigh '
1.
2.4 (Nitrification)
2 Nitrosomonas Nitrobactor

Nitrifying Bacteria Nitrifier 2
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v
V) Nitrosomonas Bacteria
NH4++ 1,502  wemeeememee > 2H* + HD +NO02~ e (2.2)
2) Nitrobactor Bacteria
NO2"+0.502  eeememeeeeeeee » Nog” (2.3)
2.2 2.3
i
NH. +20.+2HC0. = -eemeeoeeeees > NO03+2H.C0.+HO ... (2.4)
2313
Assimilation (Nutrient)
Assimilation
55 NH4++ 76 0. + 109 HCO¥ >
C.HON +54 NO2 +57 HD + 104 H.CO. o (2.5)

400 NO2~+ NH4++ 4H.C0, + HC03"+ 195 0. >

C.H 0N +3H2 +400 NO3~
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NH4++ 1.83 <, +1.98 HC03" e >
0.021 CCHOXN +0.98 N03~+ 1.041 H20 + 1.88 H.C0. ... (2.7)
2.7 1 /.
433 | . 714 | .

2.4

1 . 457 | . 7.07 .| .
Assimilation

2.4.1 i

Aerobic  Suspended
Growth Process (Monod Equation) 2.8

I = JIMSIKSHS e (2.8)

= (Specfic Growth Rate) (1)
= (Substrate Concentration) ( ./ .)
Jim = (Max. Specific
Growth Rate) ()
Ks = (Saturated Constant) ( 1)
= S |1 = [im/2
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Jin = |Imn (NH.-N)/Knt(NH.-N) .. (2.9)
2.9 Substrate
Nitrobactor Nitrosomonas

(Kinetic Coefficient)

2.1

(Metcalf & Eddy, 1991)

Coefficient Basis Value
Range Typical

Nitrosomonas

JTm d. 8 wa 0.7

Ks mg NH. +N/1
Nitrobactor

(Im d. S o

Ks mg NO. -N/I 0.2-5.0 1.4
Overall

Julm d. 0.3-3.0

Ks mg NH. +N/1 0.2-5.0 1.4

Y mg VSS/mg NH4*-N cemed

d. 0.03-0.06 0.05

kd
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2.4.2
1) BOD.  TKN (BOD./TKN)
Nitrifying Bacteria
Nitrifying  Bacteria BODS/TKN
Nitrifying Bacteria BODS/TKN 2.2
Stenstrom Song (1991)
vit (Organic Loading)
Nitrifier
2.2 BODSTKN  Nitrifier Fraction

(USEPA, 1975)

bod5 tkn Nitrifier Fraction BODS/TKN Nitrifier Fraction

0.5 0.35 5 0.054
0.043

! 0.037

3 0.083 : 0.033

4 0.064 9 0.029
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2) (Temperature)

(Maximum Specific Growth Rate, (in)  Nitrifier

2.3
2.3 Nitrifier
(Barnard, 1992)
Source (in. max vs. Temp (in max (d )

, 10c 156 200
Downing (1964 a)  (0.47) ¢"**" " ¥ 0.29 0.47 0.77
Downing (1964 b)  (0.18) ¢’ " "7 o 0.18 0.32
Hultman (1971 (0.50) 10°° 77 0.23 0.34 0.50
Barnard 0.33 (1.127)T2 0.18 0.37
Painter 0.18 ¢ ¥ 0.18 0.26
Beccari 0.27
Bidstrup 0.65
Hall 0.46
Lawrence 0.50

Coefficient (Kn)

Knowles (1965)
Nitrifier 1

Kn - 100.051T-l.l48,-|- =

Half Saturation

(2.10)
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Nitrifier

7.5-8.5

IS
—
<
[&)
w
o
—
= 13
o 4
luo - 7
UL / %
& E —// i
\n]q 20\ g - 'n
L& Z : 5
/ % 7
.OK (LT A L fo=h | - poiiE) ¥
5.0 7.0 8.0 . 9.0 10.00
. 55
KEY
SYM30L ENVIRONMENT REFERENCE
A Niirosomonas - pure ‘culture Engle .and Alexander (40)
B Nit.rosomonas - pure culture Myerhof ' (4 1)
C Act ivated sludge at 20 C Sawyer, et al. (42)
D Activated sludge ‘Downing let al. (43)
E Attached growth reactor al! 22C Huang and Hopson (34)
2.5 pH (HSEPA, 1975)
(HCOg ) pH (Buffer)
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USEPA (1975) iversity of Capetown (1984)
pH vJ 2.11 2.12
= fin [1-0.833 (T.2-pH) ] s (2.11)
= (in (2.35)H . (2.12)
Antoniou (1990) pH
v v
pH 6.9 84% pH 7.9 L °C
oH. . 4% oH 7.8 15 °C
4) (Dissolved Oxygen : DO)

2 .| . Schoberl Engel (1964)

Nitrosomonas Nitrobactor ,

1.
(bO)
(in" = (in DO/KgtDO (s (2.13)
Kq (Half Saturation Coefficient )

International Association on Water Pollution Research and Control (IAWPRC, 1986)
K. 1.



5)
Nitrifier
Nitrifier
Nitrifier
Anthonisen (1976)
(FNA)
10-150 g Nitrosomonas
FA 0.1-1
0.2-2 . g Nitrobactor
2.4
pH
pH NH/-N ()
6.5 70-700
o
15 7-70
Hockenburg Grady (1977)

1

22

FA

Nitrobactor
FNA
2.4
! pH

(Anthonisen, 1976)

1)

no2-n (

30-330
88-1,050
260-3,320

2.5



2.5

(Hockenburg & Grady

Compound

Acetone

Allyl alcohol

Allyl chloride

Allyl isothiocyanate
3enzothiazole disulfide
Carbon disulfide
Chloroform

o-Cresol

Di-allyl ether
Oicyandiamide

Diguanide
2,4-Dinitrophenol
Dithio-oxamide

Ethanol

Guanidine carbonate
Hydrazine
8-Hydroxyquinoline
klercaptobenzothiazole
Methylamine hydrochloride
Methyl isothiocyanate
Methyl thiuronium sulfate
Phenol

1Potassium thiocyanate
Skatol

Sodium dimethyl dithiocarbam ate
Sodium methyl dithiocarbam ate
Tetramethyl thiuram disulfide
Thioacetamide
Thiosemicarbazide
Thiourea

Trimethylamine

Compound

Dodecylamine
Aniline -

-Methylaniline
Ethylenediamine
Napthylethylenediamme diHCI
2,2'-Bipyridine
p-Nitroamline
p-Aminopropiophenone
Benzidine diHCI
p-Phenylazoamline
Hexamethylene diamine

p-Nitrobenzaldehyde

23

vl
1977)

Concentration (mg/L) at Approximately

75% Inhibition

2000
19.5
180
1.9
38
35
18
12.8 -
100
250
50
460
1.1
2400
16.5
58
72.5
3.0
1550

300
7
13.6
0.9
30
0.53
0.18
0.076
118

Concentration (mg/L) at Approximately
50% Inhibition

<1

<1

<1
15
23
23
31
43
45
72
85
87



2.5

1)

2)

Assimilation

Dissimilation

(Methanol)

24

(Denitrification)

(Cell Synthesis)

Denitrification -

(.Anoxic)

Achromobactor, Aerobactor, Alcaligenas



25

6 NOg +5CHOH  ----eneme- > 5 CO24+3N2+THAN+6 OH~ ... (2.14)
14 CH.OH+3NO0. +C0. +3H+ -rmeememeeee 3C.HON + H2 (2.15)
2.14
2.15
NOg +1.08 CHOH+H+ -----m-onon- > 0.065 COHTON+0.47N2
+0.76 C02+2.44HD ... (2.16)
2.16 : 1.
2471 .
( Incompleted Nitrification)
(DO)
Cm = 2.47No+153Ni+0.87 DO .. (2.17)
Cm = ( 1)
No = (1)
Ni = ( 1)
DO = ( 1)



)
CI0H19°3N+10N03
2.18
[
3)
» vl
C.HO.N+4NQ3~  -mmmemmmeee- >
2.19
2.16 2.18

Substrate Nitrate Denitrification
Nitrate Denitrification

2.5.1

\J

26

(CL0H..( .N)

>5N. +NH. +3H. 0+10HCO3 ....(2.18)

1
)
CO.+NH.+2N.+4HCO0. ... (2.19)
1
1
vy
2.19 Endogenous
v

vJ



= [TmSKkstS s (2.8)
W

= jUDDS. [(KdtD) (Kst ) (2.20)

jiD = ('

MnD =

(']
D ()
(1)
Ka = (1)
Ks = (1)

Metcalf Eddy (1991)

(Metcalf & Eddy, 1991)

Coefficient Unit Value
Range Typical
J-Im d. 0.3-0.9 0.3
Kd mg NO.-N/I 0.06-0.20
Y mg VSS/mg NO.-N 0.4-0.9

kd d. 0.04-0.08 0.04



2.5.2

J) (Dissolved Oxygen

(Anoxic)

Dawson Murphy (1972)
/.
Wheatland (1959)

1

Pseudomonas

Rittman Langeland (1985)

J]
03-0. ..
0.5 . Activated Sludge
Semi-batch Activated Sludge

:DO)

(Bulk Liquid)

Yi

4-Channel Oxidation Ditch *

0.3-1.5

28



Ekama

Parker

oH 7-7.5

\1D

= (ImD x [(Ks+S)

Marais (1984)
14 Barth

(1975)

(1968)

pH

29

1.5
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R e i ‘
‘;_‘ \ \\
é \\ AN \'
: N :
z R _
8 |
- |
z e Kay Raference =
S ' P 5
.20 =95
z — S %0
S L F AR 81
; : -
0o 1 ! | | ! 1 1 1
8.0 7.0 8.0 8.0
pH
2.6 pH (USEPA, 1975)
4) (Temperature)
' Parker
(1975) 2.7
(DO)
DN = DN X 1.09(1-"20) (1'DO) ........... (z 22 )
N = Overall Denitrification Rate ( -1
apy = Specific Denitrification Rate ()
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- 80 T T U J——
Xey et Stectron concr Sustsm |
163 | ——— =  3odium Citraty S.G.
LR Y ? = Endcneccus 5.6.
(8] —_— 3 - Mathanol 3.5,
o) ——— = Mathanol 3.0.
o~ |- - Msthanol 3.6 { M
I P-To] SRR -  Nethanol S.5
o — e S = Mathanol 3.3 ¢
w PR - S | ~ Mathonot A5, 2
= cocooo % = Mathorol . AG. ke
= e - t
5.C. = Suipended Srowih
5 I20_'— A.G. = Attache” Growth '.'
x - .
Lol
o ;
()
-
o o 0 feveesanain, —
.o
bl .
S A
= ih "
s 'c / )
S 8o~ Y& o
b2 o g A
o ; 24
° - =
- 3 S
- . s ’ .
- e ¥
z 60~ ] ! S
o ’
(=]} ) ’
= P
(=] A
T 40 3 x 1
> - -
v
; o
a
20~ m
o) 1 1 i L i =
(0] S 10 15 20 25 30

Temperoture , °C

2.7 vh  (USEPA, 1975)

(Suspended Growth) (Attached Growth)

(Activated Sludge
Process) 2

L. (Separate System)
2, (Combined System)



32

26.1 (Separate System)

Carbon Source

Wastewater Effluent
Carbon Denitrification =% Post en
Nitrification
Removal (Anoxic) Acrution

l l

Wasle Sludge Wasie Sludge Wasle Sludge

]

()
Carbon Source

Wastewater Effluent
= Carbon Removal 4 Denitrification Post

Nitrification \( ‘_‘ (Anoxic) Aeration Y

Waste Sludge Waste Sludge

Y

2.8 (Metcalf & Eddy, 1991)



26.2

Anoxic Zone

(Combined System)

(Intermediate Clarifier)

2.9

29()  29()

Oxidation Ditch

Plug Flow

Aerobic Zone

33



Anoxic Zone Aerobic Zone DO Meter
29 ()

3) 4-Stage Bardenpho

Substrate Nitrate Denitrification

Endogenous Nitrate Denitrification
2.9 ()

34



2 > Carbon Removal 2
_____th:slcwalcr Denitrification > > Effluent
> Nitrification
(Anoxic)
(Aerobic)
(2-3)Q
Waste Sludge
(n)
2-3
N Dentrification Carbon Removal » Effluent
= < ? s 58
»  (Anoxic) Nitrification
(Aerobic)
(0.5-1) Q
Waste Sludge
Wastewater
C Aerobic Zone Effluent
Q\ Anoxic Zone )
\ Aerator
Waste Sludge
(A)
Mixed Liquor Return
(2-3)Q
Clarifier
Wastewater Anoxic Aerobic Combined 'V‘""”‘ic . Aerobie Effluent
Q Denitrification = Oxidation Denitrification = 4
Lone
Zone Nitrification Zone Zone

RclIJrn Sludge (0.5-1) Q

2.9

()
()
()
()

Anoxic-Aerobic
Anoxic-Aerobic
Oxidation Ditch
4-Stage Bardenpho

mu?) Ix

Waste Sludge

(Metcalf & Eddy, 1991)
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2.1

2.1.1

(Poly-P Bacteria)
1.5-2%
4-12%

2,10

Bacteria)

(Short Chain Volatile Fatty Acid : SCVFA)
(Propionic Acid) (Butyric Acid)

(Acidogenesis)

SCVFA
(Poly-P Bacteria)
(Poly- (3-hydroxybuterate)

Triphosphate) ADP (Adenosine Diphosphate)

ATP

36

Luxury Uptake
Luxury Uptake

2.5-4
(Acid  Forming
(Hydrolysis)
(Fermentation)

(Acetic Acid)

PHB
ATP (Adenosine

ADP +P (2.23)
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Poly-P Bacteria PHB *
: ATP
ADP( Luxury Uptake)
ADP +P *OATP s (2.24)
Fuhs Chen (1975) ', Acinetobacter
Luxury
Uptake Karin (1983) "' Aeromonas
Pseudomonas Luxury Uptake 50%
Acinetobacter 15% Aeromonas
SCVFA
x
.
.
Luxury Uptake — 2-2.5 /. 100 . 34 . 100
1
Anaerobic Aerobic
Cell Wall
., ¢ I~ W
FaciRative Products New
coD Bactena

2.10

(WEF, 1992)



Nominal Ortho Phosphorus Concenlration, mg/L as P

38

|
Ortho Phosphorus - 50
| =
Bacternia Absorb BOD By (=)
Releasing Phosphorus S
ATP +ADP+PO, -Energy A0 o
B o
@
@
i)
Soluz2 800 =2
- 30 3
__Inficent Ortho Phosphorus ]
/ Concentration
_____ B o b L iUy TS o ol
Baziena Store Phosphorus ~120 g'r';"ed
SE A During Growth to Compele gsphorus
Fo: 300 When They Get 'g acteria is
3 Bacx 1o Anaerobic Zone Wear;:"sef;g‘ge
— 10
ADP 0.5 €% arp
1L
0 - 1 ! ! Lo
Angilnc 9 10 Aerobic ) 12 Gt
— ]
\ Z L Reaeration
Anaerobic Second
Anoxic

Nominal Hydraulic Retention Time, hours

2.1.2

Ekama

Randall

(Based on Influent Flow Only)

(WEF, 1992)

Marais (1984)
Lo
(1992)

50



SCVFA

SCVFA

PH.Jones
A2/0

(Phosphorus Uptake Rate)

Abugararah

50-59 /.

Poly-P Bacteria

A.D. Tadwalker (1987)

135-250%
13-96%

Randall (1991)

16.8:1

SCVFA

SCVFA

39
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3)
Poly-P  Bacteria
Denitrifierm
Lotter (1989) Acinetobactei- (Subspecies)
Cech Hartman (1990)
25 . 01 /.
Malnou (1984) (Batch)
1.
)
4) (Sludge Retention Time : SRT)
Reddy (1987) Bardenpho
Wentzel (1988)
4-5

Lin Li (1988)
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15-25
40
5) (Hydraulic Retention Time HRT)
Poly-P Bacteria SCVFA
Luxury Uptake
Fukase (1985)
) 1.5 3
1.
Comeau (1989)
10-30 ./ - . 1-2
Luxury Uptake
Barnard (1984)
SCVFA

PHB

Luxury Uptake Barnard “Secondary Release”



(Batch)
bt
Pilot Plant
10°

Acinetobactor

SCVFA
Batch

(Temperature)

Sell (1981)
515"
A% Kritchen

5
5C

Shapiro (1967)

(pH)

Tracy Flammino (1985)
pH

pH 5.2

42

5°%
(1985)
5 C
3
J°C 0°C 5
oH
L 5-7.4 2.12
pH 6.5



Uptake Rate Constant, mgP/gVSS-min

43

0.8
0.7
0.6
0.54
0.4+
0.34
0.2
After Tracy and Flammino (1985)
0.11 o Air Products and Chemicals, Inc.
0 L 3 T T T T T\ T T T T T
5 54 58 6.2 6.6 7 74
5.2 5.6 6 6.4 6.8 7.2 16
pH
2.12 pH
(Tracy Flammino, 1985)
) (Dissolved Oxygen DO)
Ekama (1982)
1.5-3



2.13

2.1.1

Phosphorus Stripping Tank

44

A0

A0 Mainstream

213 ()

Phostrip

Sidestream

Anaerobic

213 ()
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T K E
| - } fa
INFLUENT A}*\E!‘OB‘\"« ONIC §TACES EFFLUENT
| sTHGES] {Aerbe1d)
1 | | | | | |
I L d 1 X L
L.
Lo
| |
[
RETURN SLUDGE - R Sl
e e L WASTE SLUDGE
(n)
NFLUENT AERATION S s EFFLUENT
| s 44 _ CLARIFIER
| ;
|
] ~
i
| u
' DIRECT RETURN SLUDGE
l—-————-——-——-——---———————-—-—---————----.--'--——— WASTE SLUDGE
| : |
; S IDESTREAIA ‘FEED SLUDGE
i PHOSPHORUS STRIPPED RETURN SLUDGE [/ reROBIC - ‘
l ————————————————————————————— PHOSPHORUS K ELU'IR!ANT

C SUPERNATANT _RETURH

PHOSPHORUS "RICH SUPERNATANT ————:

STRIPPER

STRIPPED SLUOCE RECYCLE,
PRILARY EFFLUENT, OR
SUPERNATANT RETURN

UME

REACTOR~-CLARIFIER FOR
CHEIMICAL -PRECIPITATION

! WASTE CHEMICAL sludge

Gn)

AlO
Phostrip

(WEF, 1992)



4-Stage Bardenpho

2.8
A2/0, 5-Stage Bardenpho, UCT VIP
2.14

1) A2/0
A2/0

2) 5-Stage Bardenpho

3) UCT
UCT

A2/0

University of Cape Town

46



Virginia)

VIP

VIP |
A210

UCT

47

The Virginia Initative Plant in Norfolk,

v
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Effluent

Recycle
1 1 i 1 1 1 1 1 1 1 1 N
. . 1 1 1i 1 1 1
Influent Anaerobic 1 Anoxic 1 1 1 Aerobic 1 1 SRR U Effluent
stages j stages 1 j i stages j j
i 1 i (I 1 1 1 i i 1 1
I & Return sludge i Waste sludge
(a) containing P
Recycle
1 1 1
1
Influent ’ )
i n Anaerobic  Anoxic 1 Aerobic 1 Anoxic i Aerobic
1 1 =
} 1 1 1

\% Recycle 1
n
Influent
Anaerobic Anoxic

i

1

1
Recycle 2

Recycle 1

Influent Anaerobic Anoxie
stages stages

Return sludge

(b)

Recycle 2

V.-

Anoxic Aerobic

Return sludge

Aerobic
stages

Return sludge

()

Waste sludge

containing P

Effluent

j Waste sludge

containing P

Effluent

Clarifier

Waste sludge

containing P

(Metcalf & Eddy, 1991)

A210 ()
ucT ()

5-Stage Bardenpho
VIP
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FwraNnsaluniingas
CHuLALONGKORN UNIVERSITY

2.15
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MLSS RETURN

= 105 Ans /U
¥ v L » @ > ANFAENAU ~ &
UNFBT = 30 850U 3l 3y v /mxﬁuaan
wauualsn wauuangn | AEULNA /
¥ = - - ~ ~
WAL = 5 aARs/du ay A SLUDGE RETURN
7| wauuandn 2 dwnlavdu = 35 ans/u

2.15
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