21

(adenosinetriphosphate, ATP)

ADP)
RNA  DNA
21

(Mukherhee, 1996)

f x
Fertilizers
Decomposition

Erosion and weathering

(adenosinediphosphate,

(Mukherjee, 1996)

g

20

BIOSPHERE
Absorbed by plants »1 Plants
Exchanged pool Animals
Dissolved phosphates
Dead organics

matter and wastes  }——

Micro“rganlsms

LITHOSPHERE

Phosphate rocks
Bone deposites

Guano deposites

l¢—— Fish and marine birds

HYDROSPHERE

Shallow marine

deposites

S Geological uplifting

Notes: short term cycling

Long term cycling

(Mukherjee, 1996)

v

Loss to deep ocean

sediments a




21

Total phosphorus, as P
- Organic phosphorus
- Inorganic phosphorus

(ortho-P & poly-P)

{
70
I
4-15
0.3 x (Total-P)
0.7 x (Total-P)
(2536)

(algal bloom)

21

/
0.6-4.5
0.3 x (Total-P)
0.7 x (Total-P)



2.2

221

(Metcalf & Eddy, 1991)

Al + HnNPOB-n«. -> AIP04 + nH

Fe3 + HnP0B <> FeP04+ nPf

1 (pre-precipitation)
2 (co-precipitation)

22

23)

2 (post-



precipitation)
2.2

2.2.2

(luxury phosphorus uptake)

2.3

1.5-2

(phosphorus accumulating organisms, PAQs)

4-12
2.5-4
(WEFand ASCE, 1992)



Polymer
PRE-PRECIPITATION
Influent
Rapid Primary Aeration Secondary
mibx clarifier basin clarifier
Metal salt Sludge Sludge

COrPRECIPNATION

Polymer
Influent Effluent
Primary Aeration Secondary
clarifier basin —-T———> clarifier

Metal sal
sludge e sluage

EOST-PRECIPITATION

Influent

Effluent

Aeration Tertiary

Secondary
clarifier

Sludge Sludge

basin filter

2.2 (Metcalf & Eddy, 1991)

(short chain volatile fatty
acids, SCVFAs) (acetic acid, HAc)

3-hydroxybuterate (3HB), 3-hydroxyvalerate (3HV), 3-hydroxy-2-
methybyterate (3H2ZMV) 3-hydroxy-2-methyvalerate (3H2MV) !
(polyhydroxyalkanoate, PHAS)
2.4



fermentation PAOs
substrate --------- > acetate & - »  3HB e > PHAs (2.4)
propionate 3HV
3H2MB
3H2MV
(volatile fatty acids, VFAS)
2.5
ATP e > ADP + p + energy (2.5)
2.6
PHAS + (2—> biomass + HXD + CO02 + energy .o (2.6)
! 2.1
ADP + p + energy - > ATP (2.7)
24 ?
!
Comeau (1986)
(nicotinamide
adenine dinucleotide reduced form, NADH) (

) (tricarboxylic acid cycle, TCA



cycle) Mino

24.1

Comeau

Wentzel

(acetyl Co-A)

Wentzel

2.5

(1987 Matsuo
Comeau
(1986)
(1986, Randall
/
/
2.3
(1986)
0.25

2.25

1992)

- 1992)

24

¢

10



pH dependent carrier

ANAEROBIC PHASE

\\ PHB
%2 L)
(PC.) ) ( ATP N W' Lo

ADP AcetylCoA

(PO4) n+1

ke
' " @
+
H=PC, = NAD L
] HoP04 (
NAD

H +e-

OH

AEROBIC PHASE

2.3
Comeau (1986, 7 Wentzel ,1936)



12

CHj-C~ SCoA

ocetyl CoA

0=4HicA—¢"-5CoA

ocetoocetyl CoA

. HSCoA
NADH
1

HO-CH-CHJ-C~ SCoA 0=C-CHj—€"OH

syntesis
. p-hydroxybutyry! CoA ocetooeetate *
NAD"
HSCoA g-s —8
|'f|tC_);de CJ mteOH degradation
oy
CH CH H
HO-CH-CH2C-0-CH-CHzcf-0-CH-CH2C-0
poly ft—hydroxybutyrote
24
CARBON CARBON FOR
FOR SYNTHESIS ELECTRON generation '
2.25 Acetate Absorbed
2 Acetate 0.25 Acetate
2 ATPA
2 HSCoA
2 AOP
+ 2P 2 Acetyl CoA @
HSCoA - 1/2 ca
Acetoacetyl CoA
2HT + 2e~
C w0
/ ’\m
Butyryl CoA
HSCoA-
PHB
2.5

(Wentzel , 1986)



13

2.4.2 Mino

Mino (1987; Matsuo , 1992)

(Embden-Meyerhof pathway,EMP)

Wentzel (1991) Mino
(Entner-Doudoroff pathway, EDP)

Smolders (1994)
L 021 - 0.75
P mol/c mol
Smolders (1995)
Mino
2.6 Mino ( Smolders
, 1994) '

(redox halance)

2.7 Comeau



MLSS
VSS WRRRSH
et
PHA  GLYCOGEN BIOMASS | X
i A,

ANAEROBIC PHASE
@‘-‘--‘{""K"“, A2 M|

Phosphate

AEROBIC PHASE

14

2.1 Mino ( Smolders, 1995)



2.5

(react)

(Sequencing Batch Reactor, SBR)

(sedimentation) (draw)

2.8

(idle)

(il

15



26

FILL ANA. MIX

2.8

26.1

AER MIX

SEDIMENT

(Stensel,1991)

DRAW

16



201
(Randall , 1992)
Hong (1982, Stensel, 1991)

Stensel (1991)
20:1-30:1

0.04, 0.28 0.43

Randall (1992)

40:1

15:1

1

20:1
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2.6.2
Siebritz (1983)
2% . .
Gerbers (1986)
2.6.3 (Mean Cell Residence Time, MCRT)
Stensel (1991)
1
2.9
4.5% 6% 10 30
2 . 3H . 9 /. 26
Marnais  Jenkins (1992)
135 - 20° . 2.9

2.9



Randall (1992)
6

Wenztel (1988) 3

40
o)
w
>
o] b
=
w
o
g 4.5% P
& IN WASTE SOLIDS
o) =
2 30
o
wn
e}
e
o

o i

£
-~ 6% P
o IN WASTE SOLIDS
o
=
[e] 20—
w
o

[Ye]
a
o
m

o 4

£

10 T T T

|
5.0 10.0 15.0 20.0 25.0 30.0

SOLIDS RETENTION TIME (DAYS)

2.9
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2.6.4 (Hydraulic Retention Time, HRT)

Best (1983)

05- 10 35-6.0
Fucase (1985)
15 3.0 100 /.
6

Metcalf & Eddy Inc. (1991)

3.2
2.2 (Metcalf & Eddy Inc. 1
1991)
Design parameters Units Process
AIO Phostrip SBR
FIM gBOD /g 0.2-0.7 o 5 01505
MLVSS-d
MCRT, oc d 2-2.5 10-30
MLSS mg/l 200-4000  600- 5000 2000 - 3000
Hydraulic retention
time.HRT
- anaerobic zone h 0.5-1.5 §-12 1.8-3
- aerobic zone h 1-3 4-10 1.0-4
Return sludge %of 25-40 20-50
influent
Internal recycle %of 10-20

influent



Stensel (1991)

1-2
2.6.5
Siebritz (1983)
.
8.6 ./ . (Van Hanndel ,1981 Siebritz
, 1983)
?
Cech  Hartman (1990)
25 / /= /
(
)
Randall (1992)
?
Barker Dold (1996) Pokethitiyook (1992)
/ /
? ?

(denitrification-phosphate accumulating organisms, DN-PAQS))



Kem - Jespersen

266 !

Comeau

Pattarkine
1

2.3
Cation/P

k7p

Mg+2P

Ca#dP

Sum of charges Ip
Direction of
transport

3-5

Comeau

Henze (1993)

(1985)

m
(1986)
2.3
(1991; Randall
1 2 3
0.27 0.23 0.34
0.26 0.32 0.24
0.00 0.05 0.06
0.79 0.97 0.94
p release Prelease ~ Avg. of p
rel. & uptake
Miyamoto-Millis (1983)
Arvin - Knstensen (1985)

- 1992)

0.23

4
0.20
0.28
0.09
0.94

p release

22

0.25

5
0.23
0.27
0.12
101

p Uptake



Randall (1992)

2.6.7

Kavanaugh (1991)
removal, BNR)

2.1

Shapiro (1967)
phosphorus release rate,SPRR)L

Fuh Chen (1975)
20-24° .

lwoffi

23

Randall (1992)
(biological nutrient

(

(specific
100, 30°.

20-30° .
Acinetobater

10 37¢€ .

Hashimoto Furukawa (1984)
12-28° .

20° .

30° .

2.4
2.4-2.6



24

Hao Chang (1987) Acinetobacter

I Acinetobacter 210 Acinetobacter
calcoaceticus 25 35° .
Jones (1987)
24° 29° . 29
73 24° . 33
Marnais Jenkins (1992) 13-20 .
2.9

(phosphorus release rate, PRR)

(phosphorus uptake rate, PUR) 10-37° .

(initial  PRR) 10-28° .
28-33° .

37 Preez (1978)
Juni (1978) Acinetobacter spp.
29-35° . ( PRR  PUR

PRR PUR
Randall (1992)
York River Treatment Plant 20° .
13.6° .
McClintock (1993) High Rate VIP

5 15



25

5
5.
Brdjanovic (1997)
(short term)
20 510,20  30°.
20° .
5-30°
0) 1.078 1.057
( 20-
30 ° 20° .
Arrhenius
3 )
Brdjanovic (1998)
(long term)
20 . 30,20, 10  5°,
agt el
1.075 1.095
5-30° . 1.031, 1.090 1.129
(
20 30 8 10
5° . 6 32 )
(2541)
5 15, 25, 35 40°

Pseudomonas fluorescens

Acinetobacter calcoaceticus



104 55

100

100, 100, 100, 72 61

100 12

15° .

31 25 35° .

525,
10.4
(2 )

35

59
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