21
211
15-35
(Troposphere)
Ozone
3
185 )
21
21

(2541)

(Stratosphere)
10 %
15
“Ozein”
03
(
itawnifN
I wi
59URD
+ o ° ‘_ﬁ



150
140
130
120
110
100

g 90
i- 80

10
60
50
40
30

20
10
2.2
M
O+
/ vV
6 = O
2.3
: Kim

Ozone formationand degradation

O,+hv—™ O+0

20,+20+M— 20,+M

30, + hv " Oy
O,+hv™ " O0+0,

0,+0— 20,

20, + hv ™ 30,

Stratosphere

--------------------------------------------------------------

i Troposphere

48

(2003)
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Oxidation - reduction potential

21

21 Oxidation - reduction oxidants

Agent Molecular formula
Fluorine 2
Ozone 03
Flydrogen peroxide H20 2
Potassium permanganate KMnO04
Flydrobromous acid HOBr
Flypochlorous acid HOCI
Chlorine Cl2
Chlorine dioxide Cl02
Oxygen 02
Chromic acid 2ro4
Bromine Br2
Nitric acid hno3
lodine )

: Kim (2003)
0.1

A A R R §

2.07

Oxidation - reduction potential

2.87
2.07
1.78
1.70
1.59
1.49
1.36
1.27
1.23
121
1.09
0.94

0.54

2.2



2.2
(mg/L)
8 1
0.10-0.12 0.15-0.20
(ACGIH) TLV-LTEL = 0.1 TLV-STEL = 0.3(15 )
0.11 0.18
0.10-0.12 0.15-0.20

ACGIH = The American Conference of Governmental Industrial Hygienists
TLV-LTEL = Threshold Limit Value Long Term Exposure Limit

TLV-STEL = Threshold Limit Value Short Term Exposure Limit

(2543)
21.2
Hydroxyl radical
(°OH), OH3 HO04 Super oxide (02). 1- 4 (Rice; Bollyky
Lacy, 1991) 24
03 * hD e » HCvV t OH 1)
HO/ + OH > 2HO02 )
03 + ho2 > OH + 202 ©)
HO + 9 e e > hd + 02 @)



M
SR oxlde
In — ‘
- ln+
HO =2 H O
//"*"‘ Y
/ HO o e
.0 \_/
N0
H+\ 2
0, R
HO.® L’ ‘OH ______\P

3
Hydroxyl [ 1

radical Ih Hoz- / -02-

are not formed

24
- Kim (2003)
Hydroxyl radical (OH) Atomic Oxygen
Oxidation potential 2.80 volts 2.42 volts
1993)
25°0 2

20

, 2543)

> Initiation

J
P oxide
A

Y Promotion

> [nhibition

(Lin Yeh,

1-50 (



(Tomiyasu, 1985)

- pH
- uv
Free radical
213
()
(Henry’s law) “
Y= KX
Y
( g

X ( olb)
K N Henry 2.3

2.3 K (Henry coefficient)

Temperature (°C) Henry Coefficient (KHX10 4
0 3.95
5 3.55
10 3.00
20 2.29
30 1.61
45 1.17
50 0.85

: Weber (1972)



@ pH
pH
pH
pH 10 30 (
, 2541) pH 5-7

pH 8.0 2.5

14.0 41 e e e S

12.0 |

10.0 l
8.0 -
6.0

4.0 4

Ozone concentration (ppm)

25  pH ' AT

: Kim (2003)

3 (Mass flow rate of Ozone)

(2541)
( ) 4.64, 3.9
296 |/ CcoD



10

(2546)

40, 45, 50 55

6.2, 10.5, 12.7 164 g/L

214
Oxidation
5 -9 (Gunten, 2003)
+03  —— »  +0-0-0' P40+ 202 ®)
® » ++03 )
@ o  +0'+0 @
H-5+0, - » H- S-00-0 ——» S-0-0-O-H )
0]
c=c + O £ 0 0 ©)
214.1
(Ozonolysis)
(C=C, C=C-X, C=C-0-R)
(N, P, O, nudeophiiiic caibon) . OH, CH3, OCHg
(high reactivity)
NO2 CO2H  CHO 2

1) Direct attack

Electrophilic reaction Cycloaddition
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2) Indirect attack

Free radical 1 OFI°
OHZ 10 - 11 ( ,
2541)
03+ M A Products
or OH° + Products (initiation step) (10)
M + OH® » Products (Termination step)
or OHZ + Products (propagation step) (11)
M
Cycloaddition
c=c Electrophilic
Nucleophilic 2.6

79,8 $ o'
+ H202

:cLCc cC— C
Ozonide
2.6 oxidize Cycloaddition

H

+O/\O -
O>@ — @b —0O

2.6 oxidize Electrophilic reactions
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©+
5/\

O &o—<:><°—°°

2.6 oxidize Nucleophilic reactions
- Kim (2003)
2142
Hydroxyl ions halogen Br I"
Bromate lodate 2.7
2.8
H2 nh3
NHBr =" HOBr
30,
NO,,-2H"
30, 0, 0

2.7 Oxidize Bromine Bromate



Br

: Gunten (1994)

Fe(ll) Mn(ll)
(Kim , 2003)
12-13
2Fe2+ A 2Fe3r A Fe(OH)3
7]V V. — LY 11V T — > Mn02

03 02
Br' \_/ 2 BrO-
OH’ \ \
OH', CO;
BR //‘%' Bro3
» HOBr/OBr
°3 02
2.7 Oxidize Bromine Bromate
OH radicals
: Gunten (1994)
or
03 02 03 02 03 02
r AA' ;—4, IOZ- ;4, |O,
NOMA" A-Adisproportionation
NH,X
[-NOM l+1 1
2.8 Oxidize lodine lodate

Fedl)  Mn(ll)

(12)
13)

13



215
( , 2543; , 2545;
2547)
1) Photochemical
185
) Corona discharge
2 4,000 - 15,000
3) Electrochemical
j HEAT é
4 e ELECTRODE
< DIELECTRIC
@ 0, _Cue: oi nWSCHARGE GAR; 1 ence=y . 0;
i
, : <« ELECTRODE
v =
g HEAT
2.9 Corona discharge

: Cheremisinoff Cheremisinoff (1993)

14
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2.1.6
(Kim
, 2003)
(@) uv, Visible
light Infrared
2 Chemiluminessence
potassium iodide
(©)
potassium iodide
Wet Chemistry Potassium lodide Method
Indigo Method (APHA, 1998)
c=cC
Sulfonate Indigo Spectrophotometer 600
16.00 i
e ‘
£ 12.00 -
S —#— Ozone (Indigo)
g
£ 8.0 =8~ Ozone (UV)
g - |
S i | Ozone (Monitor)
2 4.00 - i L :
o {
N i
o
0.007 . : . |
1.00 2.00 3.00 4.00 5.00 6.00
Time (min)
2.10 14 Indigo UV-Spectrophotometric
(Monitor)

" Kim (2003)



2.1.7

()] (Disinfection)

(Disinfection)

( , 2544)

52 3,000

, 2543) pH

(2546)

3.5 x 107 CFU/100 L
5

5 log units

@

1-2 mg/L (Lin Yeah, 1993)

©)

(Chromophores) polycyclic organic compounds

16



4)

(Antioxidant)

, 2539)

()

(Glutathione peroxidase)

( , 2543)

17



2.1.8

2.4
24

1 1
2 2
3. 3. Reactivity Selectivity
4 4
5.
6 5

6.
7. COD BOD 7.
8.
9.
10.

: Evan.(1972) (2543)



2.2

221

(Domestic wastewater)

sanitary wastewater ( , 2540)

@)

' . .2530

25

@

(Eutrophication) 1
( )

19



25

520

1061

48

123

76

94

151*

190

723**

238

1759

1172

8l

180

63*

84

660*

87

913

660

61

158

, 2551

(mg/L)

473*

563

377

631

1570

897

577

450

20

23

329**

15

63

76

66



7.

8.

2.6

(BOD)

(COD)

(TDS)

(Nitrogen)

(TKN)

9.

(TSS)

(Sulfide)

1

(Fat, Oil and Grease)

222

. . 2548

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

(Industrial wastewater)

1 »IMfw in1
™

5-9

40

20

150

500*

30

1.0

35

20



@ 1

2.7
2.7
(mg/L)

100- 1,000 530 100- 1,300
200 - 3,000 1,180 100-3,000
200 - 2,000 890

5,000 - 60,000 29,000 1,000-10,000
150-2,400 740 50 - 400
200 - 3,600 1,125 100-1,100
200 - 3,900 1,320 100-600

60 - 900 230 0-500

250 - 4,000 1,560 100-700
500- 12,700 3,560 100-30,000
600-4,500 1,840 -
1,000- 14,000 3,620 1,000-30,000
1,000- 11,000 5,235 500 - 5,000

, 2551

22

(mg/L)

830
560

7,800
190
450
320
160
410

760

8,400

1,700



2.8
1 (pH)
2
3. (BOD)
4, (COD)
5
(TDS)
6

(TSS)

7

(Sulfide as H2S)

8.

(Cyanide as HCN)

9. (Nitrogen)
(TKN)

10. 1

(Fat, Qil and Grease)

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

.. 2548
5.5-9.0
40
20 (
60)
120 (
400)
3,000* (
5,000)
50 (
150)
1.0
0.2
100 (
200)
5.0 (

15)

23



2.8 ©
11.
mg/L
(Formaldehyde)
12. (Phenols)
g/L
13.
mg/L
(Free chlorine)
14.
(Pesticide)
15. (Fleavy metal)
1 (2Zn)
2. (Plexavalent
Chromium)
3. (Trivalent Chromium)
4, (Cu)
5. (Cd)
mg/L
6. (Ba)
7. (Pb)
8. (Ni)
9. (Mn)
10. (As)
11. (Se)

12, (Fig)

2548 ()

1.0

1.0

1.0

5.0

0.25

0.75
2.0
0.03
1.0
0.2
1.0
5.0
0.25
0.02

0.005

24



2.2.3

@

@

2.9

2.9

(Microorganisms)
(Bacteria)
Escherichia coli (Enterotoxigenic)
Leptospira spp.
Salmonella typhi
Salmonella
Shigella

Vibrio cholerae

(Protozoa)
Balantidium coli
Cryptosporidium parvum
Entamoeba histolytica
Giardia lamblia

(Helminths)
Ascaris lumbricoides
T. solium

Trichuris trichiura

25

Gastroenteritis
(Leptospirosis)
(Typhoid fever)
(Salmonellosis)
(Shigellosis bacillary dysentery)

(Cholera)

(Balanttidiasis)
(Cryptosporidiosis)
(Amoebiasis; amoebic dysentery)

(Giardiasis)

(Ascariasis)
(Taeniasis)

(Trichuriasis)
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2.9 ()

(Microorganisms)
(Viruses)
Enteroviruses ( , echo Gastroenteritis heart anomalias meningitis

coxsackie viruses)

(Hepatitis A virus) (Infectious hepatitis)
(Norwalk agent) Gastroenteritis
(Rotavirus) Gastroenteritis
, 2548
224 '
3
@ (Physical process)
@ (Biological process)
3 (Chemical process)

(Neutralization)

(Precipitation) (Chemical coagulation)
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2.25
4 (Metcalf and
Eddy, 1991 , 2544) 211
raw sewage
bar rack
grit chamber
pretreatment

v

equalization hasin

([ pp

*

Primary treatment

primary setting

biological treatment

secondary treatment
secondary setting

Advance waste treatment tertiary treatment

i
Receiving body

211



2.10

( , 2548)

1

- (Bar screen)
(Comminutor Grinder)

- (Grit chamber)

2.

3.

- (Activated sludge)
- (Tricking filter)

(Stabilization ponds)

(Rotating biological contactor)

60% 35%

28

(Cowan et al., 1996; Shin et al.,

2001 ; , 2539

, 2548)

85%



2.10

( , 2548) ()
4.
- (Ponds)
5. (Advance treatment)
(Biological Chemical treatment)
- ' (Reverse osmosis)
- (Constructed wetland)
6.

2.2.6

slugde system)

2549)

29

(Activated

(AS)

14 ( , 2548)

Energy + C02+ 20 + 14
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2261

15 - 16

bacteria
CHONS + 02+ nutrients ----------- » C02+ NH3+ C5H7/N 02+ other end products (15)

(Organic matter)

bacteria

CBHMNO02+ 502 ----------- » 5C02+ 2HAD + NH3+ Energy (16)
212
Conoentration or rate

«—————— Organic matter (8738unYY)
<«———— O, uptake rate (fammsiveandiay)

+———— Biological solids (mznouglunis)

Time (yzpzia7)

2.12

(Batch)



(Lysis)

2.2.6.2

1)

2)

(Log growth phase)

(Floe)

3)

(Declining growth phase)

4)

(Endogenous growth phase)

31

(Lag growth phase)



2.2.6.3 ; o

2.13

(Aeration tank)
(Influent)

(Returned sludge)

2.13

(Stabilizing)
(Incineration) (Landfill)

, 2549)

(Setting tank)

(Waste s

(Dewatering)

(Composting)

(Effluent)

ludge)

(Thickening)

32
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2.2.6.4
( , 2551)
1 1 ' (F/M ratio)
(Dispersed
growth)
2) (Nutrient)
(Domestic wastewater)
(Floe) (Filament)
100:5:1:0.5
3) (Dissolved oxygen)
2 mg/L

Heterotrophic bacteria
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4) (Temperature)
40°c (
, 2549)
, 2544)
5) - (pH)
pH
pH .5-8.5 pH 8.5
pH 6.5
(fungi)
6) (Retention time)
7) (Toxic substance)
2 (Acute Toxicity)

(Chronic Toxicity)
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8) (Mixing)
9) (Flow rate)
(Equalizing tank)
217
211
211
1 1
20 mg/L
2.
2.
3.
4. 3
5.
4. '
5.



2.3

(2543)
dipolar cyclo-addition
(OH")
(Superoxide radical)
(Hydroxy! radical)
- (pH)
(2544)
Batch
355.88 / 21.35
COD, BOD BOD.COD
(COD 3000 [ ) pH 7 25
COD  75% BOD 62%
( BOD:COD 0.35 0.53)
Gunten (2003) Oxidation
Heavy anion B, f Fe(ll), Mn(l1)

Oxidation Single oxygen
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Oxidation
Aliphatic Electrophillic substitution reaction
Kepa, Stanczyk-Mazanek Stepniak (2006)
Ozonation

(Hydrogen peroxide; H2X2

0.5-15 mg/L
0.25 0.07 mg/L
7.0 mg/L 0.50 mg/L
2-15 mg/L
0.50 mg/L pH 7.0 20 °0 7.0 mg/L
10.0 mg/L
Song et al. (2006) Cl Direct Red 23
Ultrasound Ultrasound
Ultrasound
GC/MS
IC
(2539)
l 1
1763.4
Energy Yield Coefficiency 130
gkW H 1
E. coli

Dehydrogenase E. QO7



Chanel et al. (2007)

180

38

Liquid whistle reactor ( R)

E. coli
E. coli 108109CFU "1 E. coli
500 1,000 1,500 psi 180
500 1,000 E. CO/l 1-7
1,500 psi £. coli 22
5 20 £+ 5 °c 1,500 psi 180
2
5 , 2 15 4 15 2 5
2 15 E. coli 20- 25
2 5
E. coli 50
30 psi
54 35+5°% 15 £. coli
30 180
90
E. coli 73
LWR
15 500 psi 15 = 5 °c,
1,000 psi 25+5°c 1,500 psi 35+5°C
90 15 E. coli
3 90 15 E. coli
E. coli 58 - 73
180
3-3.5 mg/L 1,500 300 psi
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90 0.2- 1.00 g/L

18- 3.5 mg/L 90
Emerson, Sproul Buck (1982)
Khadre Yousef (2001)

Bacillus spp.

1
100,000
Bacillus spp. 1.3x 107 1
22
Bacillus spp.
1.3 logDcfu/ml 6.1 logD cfu/ml
Bacillus spp. 0.32 logcfu/mi 1.6 log.,0cfu/ml
(Outer spore
coat)
; (2551)
0.25
35°c pH =109 1,080 ADMI
119 ADMI 3 COD

CoD 750 mg/L 300 mg/L 3
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3
4 5 COD
[
60 30-35 °c 0.125 mg/L
60-70
20-
30 15-23
(2545)
2.0
1 10
0.5-6.0 ( ) 50
3165
140 42-63
6 2 COD
124 mg/L
Mycobacterium sp.
COD 60 2
Lilia  (1995)
Activated  sludge 2
KREMIKOVTZI Botunets Sofia Bulgaria
1 7.6x105 cells/ml .
6.8x105 cells/ml 2.7x105 cells/ml
1.2x105cells/ml , genus Pseudommonas,
genus Alcaligenes family Enterobacteriaceae 4.8x105 1 2.2x104 2.6x10s

cells/ml 7.3 X104 ,1.4x103
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1.2x104 cells/ml Actinomyceétes
Frank et al. (2002) Activated sludge
8 Sacramento (CA), Los Angeles: San Jose Creek (CA), San Jose (CA), Los

Angeles: Pomona (CA), Port Huron (MI), Frankenmuth (MI), Los Angeles: La Canada
(CA) La Contenta (CA)
Multiple tube fermentation
6,000,000, 1,299,300, 1,110,200, 3,291,000, 170,000, 96,000, 231,200 13,300
MON/100ml

exponential

(Oxidizing agent)
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