2.1

(Orthophosphate)
(Na3P04)
(Na2H P 04)
((NH4)2H P 04)
(Polyphosphate)
(Na3(P 04)6)
(Na5P30 10)

(Na4P20 7)

(Eutrophication)

, 2522)

, 2536)



2.1

Form of phosphorus
Solid forms
Sediment rock mineral phases
Hydroxyapatite
Carbonate fluorapatite
Variscite strengite
Crandallite
Wavellite
Mixed Dhases . solid solutions
Clay-phosphate (e.g., kaolinite)
Metal hydroxophosphate

Clay-organophosphate

Susoended or insoluble oraanic DhosDhorus

Bacterial cell material

Plant debris

Dissolved Forms
OrthophosDhate
Inoraanic condensed ohosohates
Pyrophosphate
Tripolyphosphate
Trimeta phosphate
Oraanic orthoDhosDhates
Sugar phosphate
Inositol phosphates
Phospholipids

Phosphoproteins

( , 2536)

Representative examples

Cal(PO4)6(OH)2

(Ca,HD )IPO4,C03)6(F,0H)2
AIP04.2H20 1FeP04.2H20
CaAI3(P04)2(H)2.H20

AI3(0H)3(P04)2

[ Si20 5ai2(0H )4.(P04)]
[ Me(OH)2(P04)323]

[ Si20 5AI2(OH)4.ROP ]

phospholipid
phosphoprotein, nucleic acid

polysaccaharide phosphate

H2PO/1L, HPO/2,PO/3, CaHPO#

HP20 /2, P20", CaP20 /2, MNP20 /2

HP30 104, p30 105, CaP30 102

HP30 /2, p30 /3, CaPjO/1

Glucosel-phosphate,adenosine monophosphate

inositol mono and hexaphosphate
glycerophosphate, phosphatidie acids

phosphocreatine



(Organic phosphate)
(Nucleic acid)
(Phosphalipids)

(Sugar phosphate)

2 ( , 2536)

2.1

Gary Morse John Lester (1993)

50, 24, 10, 7 9

(2536)



2.2

2536)

0.38, 0.35

2.2

0.71

1064.1

1400.1

2856.2

5320.4

20.0

26.3

53.7

100

6836.4

6296.7

12773.3

25906.4

2.4

7900.5

7696.8

15629.5

31226.8

0.38, 0.50

2.3

25.3

24.6

50.1

100

.02



Industrial Detergents Cleaning Food Feed Fertilizer
Uses Compounds Additives Supplement 138,966*
4,864-5,714 6,852-7,342 2,299-2,722 1,573-1,835 17,043-
18,179
Soil
£
Manure
i
Animals Crops
~ Y 1}
Food Grazing
Humans
Excreta
Consumer

Product ~*\N t y

Sewage, Wastes

11 Direct | Effluent Manure Soil

Discharge I Slurry Run - off

2.1 (
2535
) I = p inputs “ = cyclic and recycling ; “I = p outputs to
surface waters

*o- . . 2533



10

11

12

13

2.3

, 2536)

detergent production-laundry
detergent

food&beverage, baking, milk, etc.
boiler purpose

seafood preservative

metal treatment

ceramic tiles

textiles

paint

dye

chemical stabilizer

(polyurethane polystyrene etc.)
toothpaste

animal feed

Cleaning industrial (hotels, hospitals,

dish washing )

P20 5

15,680-16,800

3,600-4,200
670 - 1,005
3,420-3,900
2,440-2,610
2,520 -

2,800

1,005 - 1,340

335 - 536
670 - 804
63-79

2,460 - 2,870

39,000-41,600

2,800 - 3,360

.2535

6,852-7,342

1,573- 1,835

293 - 439

1,495 - 1,704

1,066- 1,141

1,101-1,224

439 - 586

146-234

293 -351

28-35

1,075 - 1,254

17,043-18,179

1,224-1,468



2.4
, 2536)
P20 5 P
2531 201,000 87,837
2532 189,000 82,593
2533 318,000 138,966

(Limnologist)

0.01

0.01

. 2531-2533 (

130.2 0.675

144.5 0.962

(Oligotropic lake)

(Mesotropic lake)

(Eutrophic lake)

4.22

6.01

10



2.2

2.2

' pea soup "’

1

(Zooplankton)

(Mark, J.H., 1977)



(Overfertilization)

(hypolimnion)

2.3
2535)

2.3

(Scum)

(epilimnion)

12



24 ()

24

24 ()

1 2535)

13



( - 2536)
25
(Red tide)
2534
2535
- 2536)

| 2535)

14



25
- 2536)

(algae toxins)
phytoplankton
zooplankton

Oligotrophic lake
>0

>2.5

15

Eutrophic lake
3-15

8-2.5
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CHIONPY 118 52
(PO

100 :5:1 (Metcalf ~ Eddy,
1991)

10-30



“Mainstream"
“Sidestream”

11

(Oxygenator)
(Sand Separator)

(return sludge)

PHOSTRIP sidestream
Anoix / Oxic (AQ) Mainstream
Seguencing Batch Reactor (SBR)

(Fluidized  bed  reactor)

(Recycle tank)
2.5

17
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SAND-BIOMASS
SEPARATOR WASTE
SLUDGE
SAND
s EFFLUENTY
WASTE BED LEVEL
OXYGEN swooce |1 T T T
PRIMARY OR FLUIDISED BED
SECONDARY REACTOR
EFFLUENT
INFLUENT DRISMIMEN |——®- EFFLUENT
-
RECYCLE
FE !DK TANK
TAN \/
DISTRIBUTOR
RECYCLE

2.5
Shielh IWK. , Sutton IP.M. and Kos , p. (1981)

(Uniform and Homogeneous)

15
259)
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26, 2.8

2.9
(anoxic) 2.7

EFFLUENT <_=L.H._ AN 3 %H
023 sXl T ~&Z7
FLUIDISED 12 ft
MEDIA
¥ g
PEA GRAVEL
DISTRIBUTION ™ ianits 2
PLATE 15 ft
lNFLUENT'/

Cooper, PF. and Atkinson 1B. 1(1981)



SETTLED SEWAGE

NITRIFIED EFFLUENT

O-20m 10—
PERSFEX

TUBE

COATED SAND
DRAIN

*{X)—l
ANNANNNARAN

X

TAP WATER

2.1

SLUDGE
22 e |

{not to scale) |

PERFORATED ™
PLATE

<

-+
£

SAND TRAP

* OPTIONAL RECYCLE FOR START-UP

EFFLUENT
(Feed to
o
Cooper, PF. and Atkinson, B. (1981)
o, -
YA .
SAND . - EFFLUENT
LD L BT

P
INFLUENT

AERATION
CON

28

RE
OXYGEN

FLUIDISED BED REACTOR |

)
T

DISTRIBUTION

RECYCLE LINE

SAND RETURN

LINE

FLOW

SCALE : FEET

2.5 5 2.5

Cooper, PF. and Atkinson, B. (1981)

20



* 7 rmmnyiiiu3 7L

1 [ 2

O 48m |D\
uPVC TuBE

—
&
<

372e |4'18m

NN\l
I

j;i
i
r
o1

SAND TRAP

-F7en

/1 RECYCLED
EFFLUENT

D\ ANOXIC REACTOR

W EFFLUENT

29
Cooper, P.F. and Atkinson, B. (1981)

(Hydraulic Retention time)



(Chemical precipitation)

22
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( 1 2536)

2
(Solubility equilibrium)®

3.
(chemical precipitation)
(coagulation)
2 2.10 ( , 2536)1
L (destabilization of colloid particles)
(rapid mixing)
4
11 (diffuse layer)

(zeta potential)

12
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13 1

14

(polymer
bridging)

(destabilized particle)

(restabilized particle)

(Flocculation) (slow mixing)

2.1 Perikinetic flocculation



2.2 Orthokinetic flocculation

1
m3
¢— Rapid mix >l Flocculation _____plgSedimentation
ALO, ALQ, # / &
colloids i)
zeta potential floc size
1 -
ionic concentratio
A
+
>
oagulation dosage Time
time 0.1-30S 20 — 30 min
mixing intensity]  rapid , intense 0.8-0.2ft/s
mechanism | colloid destabilization | floc generation and growth

# = alkalinity alum or iron silica cationic polyelectrolyte

& = anionic or nonionic polyelectrolyte

2.10 ( 2530)

25



18 125

product Ksp

Ksp

Al(OH)3 (
sweep coagulation) 20-50 /
[aid*] [oh]3 Ksp 6-7.5

26
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(coagulation aid)

1 (viscosity)
1°C 20 C
2-3
8 G
(velocity gradient) t) G 300 - 1500
'1 G 40 - 100 '1 30 - 120
15-30 Gt 30,000 - 60,000

10,000 - 100,000

211 (
| 2536)

1 Pre-precipitation 211 (a)
primary sludge



28

primary sludge

5-T
3. Co- precipitation (Simultaneous precipitation) 2.11 (b)
4. Post- precipitation 2.11 (c)
(filter)
( , 2530)
1 (Lime) (Ca(OH)2)
2.13,2.14, 2.15

Ca2t+ HCO03 + OH -~ )- CaC03 + HY VA K)

5Ca2+ 40H + 3HPQL' -------- ) Ca30H)(P043+ 3HD ... (2.14)

Mg+20H e ) Mg(OH)2 . (2.15)

), (A2(S043)
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A2 3
(FeSOJ  copperas
4-11

Fet

(Bentonite)
55 45



Chemical
addition

e p Clarifier __

influent 1\ |

insoluble
phosphorus

clarifier

influent

sludge

clarifier
influent

sludge
primary

freatment

211
a) Pre-precipitation

¢) Post- precipitation

30

biological clarifier - effluent
process
return sludge
sludge

chemical addition
-and /or —
. Clarifier effluent

biological

process

return sludge

insoluble
phosphorus
chemical
addition
biological clarifier Clarifier effluent
process
return sludge
sludge insoluble
phosphorus
secondary tertiary
treatment treatment

b) Co- precipitation (Simultaneous precipitation)



Seckler, MM., Bruinsma, O.S.L,, Van Rosmalen, G.M. (1996)

5-10 mgP 1'
3 50-65

80-95
48 x 103 (Mg/P < 2 mol. Mol') 1.8 x 103 kmol m'3

{CalP < 08
mol. Mol')
Seckler, MM, Van Leeuwen, MLI.  Bruinsma, O.S.L. (1996)
2 orthokinetic aggregation breakage
60
orthokinetic aggregation 1
breakage
(0.1-0.3 mm)  superficial velocity ~ (7.103m/s)
2
80

Marani*, D,, Di Pinto, A.C., Ramadori, R Tomei, M.c. (1996)
(pre-treatment)
equilibrium model
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(sludge) model
calibration equilibrium model
Ca4H(PO,,)3 amorphous CaC03 pH

9

Attilo Converti, Mauro Rovatti ~ Marco Del Broughi (1994)
aerobic  anaerobic

(5-35 °C)
aerobic ~ anaerobic
90
Roske, 1. Schonborn, Chr. (1994) bench-scale plant
pretreat anaerobic, aerobic
Clarifier 3 6 Fe)
nuclear-magnetic resonance spectrometry aerobic
activated sludge Dretreat X-ray
spectrometry , o
X-ray spectrometry
anaerobic aerobic

aerobic
Passino, R. Ramadori, R. (1999)

coagulation/flocculation
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4,

b,

6. recovery
anaerobic

Juwarkar, AS., Oke, B, Juwarkar, A Patnaik, S.M. (1995)

Wetland
wetland Typha latifolia ~ Phragmites carca
0.126 0.8
30 70 hydraulic loading 5
Wetland 78-91
30.8 9.5
9.6 14.9
Wetland Sainik ~ Bhubaneshwar  Orissa 90
30 Typha latifolia — Phragmites carca 180-200
Wetland 67-90
58-63
Wetland

Surampalli, Rao Y., Banerji, Shankha K., Pycha, Charles J. Lopez, Ermesto
R. (1995) lagoon

32
lagoon !
(alum)
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05 15 alum

sludge
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