21
(Moving Bed Reactor)
(Rusten
, 1998)
(biofilm)
10-15 0.95

9%
(Odegaard , 19%)

i 19%)
m

3 ( Tertiary Nitrification )

(Activated Sludge Systems) (Mohamed , 1999)

(Sludge Age)
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(Horn, 1992)
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Subsirate

depth

L

8 7o film

4.00

Oxygen

(Aerobic layer)

Zero

High subitr%[e concen ration low

dissolve
(a) oxygen

2.4
(Tomlinson

oxygen [eve

limitation

Snaddon,

(

concentration

6.C0

g/H

S

>
depth

1966

13.Flow <L cmis |
A 24cmis
v Tons

a 8-10cmis

10.00

(Anagrobic layer)

135l

Aercbic Substrate

zero

L
Iﬁm%s#bstrate concentr, tiop
igh dissolved oxygen leve
(b) substrate limitation

2533)



2 .2.1.2
(Aerobic  Decomposition)
(Electron donor)
(Electron  acceptor)

/
( / )

(Stoichiometric coefficient)

i Substrate limit —— Oxygen limit

Biosiime thickness > Effective depth
2.5 /
(Tomlinson Snaddon, 1966 , 2533)
2.5 /
3

(Substrate  limit)

(Substrate and oxygen limi)



(Oxygen limit)

2.2.2 : (Anaerobic
Process)
2.6
2.2\ ¢
CEHID6+2 20 -+ 2CHXOOH +2C02+4H2 (2.2)
CHX OOH > CO02¢CH4 (2.3)

Anaerobic process

NO03+ 1.08 CH30H + H+  20.065 CSHM 2N + 0.47 N2+ 2.44 H20 ... (2.4)

Denitrification Process

a e H
= ANTauN I luNde
AR IaARTEY
e e i e y ¢ e {
AN7ILBIRARTAY 2ANTIAY CO,,CH,COOH luinsm
ualfjizen afuanlaaanias iy Tulasiau
aan wo € AEROBIC ANAEROBIC
uaUjniaTaand DENITRIFICATION
OXIDATION OXIDATION

26
( | 2525: 263)



2.3

2.3.1

2.3.2

2.3.3

2.3.6
2.3.7

2.3.8

2.3.1

(direct sieving)
(sedimentation)
(inertial impaction)
(brounian movement)
(chance of contact)
(diffusion)
(van der waals forces)

(electro kinetic effects)

(direct sieving)

Ps =



1-10

62
(Colloidal Matter)

0.001-0.1

(suspended particle)

(interstitual straining)

2.3.2 (sedimentation)

2.3.3 (inertial impaction)

20-50

10

0.4



(hydraulic loadings)

2.3.4 (brounian movement)
2.35 (chance of contact)

2.3.6 (diffusion)

2.3.7 (van der waals forces)

van der waals

(cohesive forces)



2.4

2.38

(absorption)

24.1

(electro kinetic effects)

(ionization)

12



242

243

244

(hydraulic loading)

surface loading rate

QA

13



2.4.5

2.4.6

qo

= QSov

EBCT =

o~ T

14

(volumetric organic loading)

(empty bed contact time)



2.5

251

2.5.2

-

(Activated Sludge Process)

15

(shock load)



2) (back wash)
26 1 1
1.8 . 2.0
1)
2 5 / :
170 g 15.70 0w
6.57 ..
2)
5 2 / , 70 /
5 . 92 5.33
3)
(observed yield) (WY — /
4)
0C = 0.2730 +0.0819
& ()
© ()
Rusten, Mccoy, Proctor ilijudalen(1984)

0.2 2 2

16

91



PLASdek S19 PLAvSdek S12

1)
57
120 /
2)
3)
10-15 .. I

Amar, Partos, Granet, Faup

0.5
1)
10 20 I
3-6 I
2)
3)
4)
5)

Stensel, Brenner, Lee, Meller

3.7x6.4x3.7

17

140 .0 .. 230 .

10-20

Audic (1986)

(hem atite) (magnetite)

2.1

2-3

80

Rakness (1988)

1) 7-10 %

2) 2.4



3) 1500 /

1.5 /

Dillon Thomas (1990)

4.3 3-6 2

2) 0.63 - 1.06

3) 12-35

Rogalla Bourbigot (1990)

3-4 0.2-0.3

(lamellar settlers)

2) 15 . I

Okubo, Itoh Miki (1990)

4-7 600 - 700
15 1,000

3,900

20 / 85-92 %



Pujol, Canler

Boiler, Gujer

- 10
ema (1992)
8
Y z
Y =
X s
2

Tschui (1994)

3-3.8

10

9.82 X+ 15.83

(

90

A

)
(

19

300

8-10

10



Canler Peret (1994)

)
1
2
)
4
7
Y
Y
X
9)
80
0.36 NH

10

-8.6 X + 89.56

0.45

10



] M&Ufla-M
__floinn
6) I 0.41
67 6.2 . |
Mohamed Hamed (1998)
(Aerated submerged fixed-film)
1) 97.9
2) (organic substrate utilization rate)m
120 [ ..
3) 5 2
[ . 97.9
88.5 13.6 67.8
4) (shock loadH
86.9
Andreottola, Foladori, Ragazzi latano (2000)
(Activated Sludge system, AS)n (Moving
Bed Biofilm Reactor)? 160 ./ .
1)
84
76 (soluble cop)
il
2)
98 0.12 /

3) 160 ./

98

111 ?

92



4)
(biomass activity) 1

2.1

(Metcalf  £1iy, 1991)

2.1.1

2.7.1.1 Air Stripping

2.1.1.2

2.7.1.3 Reverse Osmosis
(Membrain) Osmosis

2.1.2

2.7.2.1 Breakpoint Chlorination

Dechlorination



2.7.2.2 Chemical Coagulation

2.7.2.3 Carbon adsorbtion
Activated carbon (Adsorb)*

2.1.2.4 (lon Exchange)
lon Exchange Resin

2.1.3

2.13.1
80 - 90 %
2.1.3.2 (Oxidation Pond)
20 - 90 %
2.7.3.3 Harvesting Algae
3

( Reverse Osmosis)



2.8

2.1

(Organic Nitrogen)

(Ammonia Nitrogen)

Assimilation
(Nitrite Nitrogen, N02)

(Nitrate Nitrogen, N03)

(Nitrogen Gas)

Ammonification

24



25

__Assimitation = Cell ]
L ___ Ammoniticaticn e Nitritication e
| |
f i —_ | e e b e
| orear — NI, - i NO, -N o] NO, -N f o
2 ) \
wis e M s

organic maller

NO, + 0,

B
Iy

:

Pemtrificotion

2.7
(Sedlak, 1991 . 2540)

28.1 Ammonification

Ammonification
(Enzyme?

Ammonification

2.8.2 Assimilation
Assimilation

2.9 (Nitrification Process)

1

Ammonification



26

(Nitrosomonus) (Nitrobactor)

)

NH/+ 1.8302+1.98HCO03 -> 0.98NO; +0.021 C HMNO02+ 1,88H2C03+1,04H0 (2.7)

2.1 .
433 |. .14 1. 015 /.

29.1 (Nitrification Kinetics)

Attached Growth

quasihomogeneous
dS/dt = 5 (d25/dZ2) + 15 (2.8)
- ( 3
- ()
- ( )
r= ( 1 )



NH/  :d[NH/dt =Dridd2NH4 dZ3-m
NO2  :d[NO2)idt = Q{dZNOZYdZa+r Hh N2
no; d[NO3Ydt = (YAINOdZE D

02 - d[02)/dt = @dF02YdZ2-S,Nk 2 @

stoichiometry
Monod

213

J = AD(A /AL)

AS
AL

29)
(210)
(2.10)

(212)

Fick

Attached Growth Suspended Growth

2.8

27



K DiHusio
Aqu: Layer

f)w
R
R )
.
¢

28

ubstrate
oncentration (

| =

Cinusion Lays=-

Tr.cknass.
Ne'e. $0, 5.

8ens

2.8

292

1) (Temperature,T)

5-30 °c

Q 47 q 0.098(T-15)

L pm

Crrécgnprlgyom 08 }fktC O

2 5.V 160, €ser.. resoectlvely, e suDstraie

r.a outer surface

; % Secdtio taurtace
at chment ! tqe Ibigfcm, ~Xf represents toe microbial

( EPA, 1994)
4-45°c 3H°C
42°c
Arrhenius
(2.14)
()



29

2) ? (Dissolved Oxygen,DO)

05 -2. / 1
Monod
fi = [|inN/Kn+N)][DO/K0+DQ)] (2.15)
i =
N =
Kn =
Ko=
DO= 3
3 (pH)
pH 6.5-8.0
2.9
4) (Alkalinity)
714 . 1.

Hao Chem (1994)
30 /.



Percent of Maximum Nitrification Rate

100

80

60

40

20

29

30

5 /.

O Acclimated Results
O Unacclimated Results

. Acclimation Uncertain

6.0 7.0 8.0 9.0 10.0

' ( EPA 190
5 BOD  TKN

BOD TKN

(Nitrifying Bacteria)
(Solid Retention Time)

BOD TKN '
BOD:TKN 21



2.1 BOD / TKN
( EPA.1975)
bod5tkn Nitrifier Fraction BOD/TKN
0.5 0.35 5
1 0.21 6
2 0.12 7
3 0.083 8
4 0.064 9
6)

(Free Ammonia, FA)
FNA) FA
01-120 /. FNA
pHH
2.2
pH ; I .(Anthonisen, 1967
PH NHI/-N
6.0 210-2100
6.5 70-700
7.0 20-210
7.5 7-70

8.0 2-20

(FINO2

10-150
0.2 -

al

Nitrifier Fraction
0.054
0.043
0.037
0.033

0.029

(NH3)
(Free HNO2,

.1
28 . 2.2

- 2540)
no2-n
30-330
88-1050

260-3320



2.10

Rogalla Bourigot  (1990)
BIOCABONE

(COD : ) 10

3) 007 .. 3
05 ./ . 0 .

Figueroa iverstein (1992)

(RBC)\
1)
(NO-N) = 24.8-0.223 BOD5 (2.16)

NO = ()

98 | 2-

Pujol, Hamon, Kandel ~ Lemmel (1994)
BIOPUR

1) 15 . -1 ..
10 / . 10 . [ . - 6 .

2) 4 NOjN |
14



Clay)

211

33

Fruhen, Bocker, Eidens, Haaf, Leibeskind chmidt (1994)

6-8

Hao

2111

2.11.2

(Expanded
485 . 4
Plug flow
20 . -1/3
8
Chem (1994) SR 11
5 . (= Raschig PVC
04-07 [ 2- PVC

(Denitrification Processes)

Assimilation

Dissimilation Denitrification

Pseudomonas 1Micrococcus 1Achromobacter Bacillus

535



1) (Substrate Nitrate Denitrification)

(Methanol)

6 N03+5CHXOH —» 5C02+3N2+ 7HD-60H

25-30
(Metcalf ~ Eddy, 1991)

3 0 +14CHOH+COX%3-T—) 3CHN2 + X

217 218

no; + 1L.08 CHOH + +—» 0.065 CHO N +0.47N2
+0.76 C02t2.44 HD

2.19 1.

=
1

2.47N0+1.53N, + 0.87 DO

2.47

34

(2.17)

2.18

(2.18)

(2.19)



35

I C:HD N

C,0HID N+ 10 NO;' —» 5 N2+ NH3+HZD +10 Hco; (2.21)
1 . 44 |,
2) (Endogenous Nitrate Denitrification)
CHMO2N+ 4 no; » CO2 2 N2+ NH3+4 HCO3 (2.22)
I I 202 /.
2113
|1=(a nb/kbt (2.23)
2
= [aD /(K0+D) (Ks+ ) 224
0 = (]
0= (]
D ()
(/)

| 240/+2)0 4|
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Ko = (1)
Ks = (1)

Metcalf Eddy (1991)

2.3
2.3
(Metcalf ~ Eddy 11991 )
Coefficient Unit Value
Range Typical
d-1 0.3-0.9 0.3
Kd mgNOj-N/I 0.06-0.20 0.1
Y mgVSS/ mgNO3N 0.4-0.9 0.8
kd 0.04-0.08 0.04
Jim
Kd
y
kd
2114
1) ? (Dissolved Oxygen, DO)
(Anoxic)

02 [.
02 . 50
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20 .

10
2)
2.19 ' 1 .
247 1 /. 86 /.
41
3) - (bH , Alkalinity)
pH
pH
Parker (1975) EPA (1994) pH
2.10 pH7-75
4) (Temperature, T)
EPA(1994)
2.11
(DO
IN = IN1,099%) (1-DO) (2.25)
'IN = Overall Denitrification Rate (")

N = Specific Denitrification Rate (3u')
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Attached Growth

212

Cooper heeldon (1981)

(Settled Sewage)

02 . 38 . 0.61
CINOj -N
1 11 14-16 /.
31
8 .
2) 574
02 329 | .
10 . 32 . 10 .
(Anaerobic)

MacDonald (1990)
25 . 0.6

39



40

04 |/ 30 NOgN /g - )-

I 7500 ./
1) 1 1521 /. 0-20 /.
2) 35 .NOg-N/ .3
3) 8-10
4)
Coelhoso, Boaventura Rodrigues (1992)

3.6
k.9 . ' 1.69

1) 53-86 . 03-N/.3
2) (Start-up)* ! 6.7-15.4
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