21 ,

211
' .. 25%
3
1 016
2 017
3 018
21
21
( 1. 2505
() ) ()
016 52 1113071 8046
017 348303 3
018 16 66132 464

71 1228406 8831



2.1
UiuOMiihRewiiiihini™n
hmintd{ «
160,00000
14000000 -
12000000 -
100,000.00
$0,000.00
§0,000.00
40,000 00
20,000.00
an na m an an t T% we nn t T8 nR an an
" Bl Whse @0sa  WOsa  Ofss
wanming owgnibnlsun
T g, gr—.y oyl qrsalal L
2.1 ( ;3 2545)
2.12
3

L (Grain Distilleries)
(Scotch Whiskey)

2. (Fruit Distilleries) A

(Wine) (Brandy) (Champaqne)

3. , (Molasses distilleries)

(Rum)



2121

50

2.1.2.2

2123

28° (degree)

50

22

(Fermantation)
(Molasses)
3
48
(Beer)
(Distillation)
9597

(Raw Alcohol Production)

50

16
(Yeast)
§-10
(Mash)

28
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2.1.2.4 (Blended Liquor Production)
95 - 97
35 35° (degree)
7
2.1.3 '
2
L
2.
(Blow Down)
(Condenser)
2.2
2.2
N

(Browning Reaction)
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214

2.14.1

(FeCI3
35

1984

1 2530)

300

65 %

12

4500 1 (1 =20

(Chemical Coagulation)
(FeCI3)

197 1
- 2525)

Hayase ,



65%
6.72% 2 7.0

10.0 37 28 64-97
% 3,500
- 5,300
197 1 .

( , 2525)

Veronica , 1993
(Commercial  Inorganic ~ Flocculant)
[Fe20H){S043mtAm 3287 9w
T0C 21%
73 %
30 .

93 %

2.1.4.2



i

Watanahe 1982 Corioles ap. No. 20
80 % (NHABOY
15 . 1,000
oHE4 % 2

(intercellular - enzyme)
' (Sorbose Oxidase)
(Active Oxygen)

Ueda, 1983
Coriolusversicolor Fumitopsis cytosine
, 2521 D 90 Deuteromycetes
90 % 10 2.5 %
0.2% 6.0 0.15% D90
90 91.0 % 10 8L.0
% 12
65 60%
855 934w
Aoshima , 1985
(Molasses pigment (melanoidin) decolorizing activity) MDA
(White - rot fungi) Coriolus versicolor Ps4a
80 % 5% 0.5 %

0.1 % 0.05 %



100 . 30 5
(Molasses pigment)
(Sugar dependent enzyme)
(Sugar independent enzyme)

Ohmomo , 1988
30 %
Basidiomycetes Ascomyceétes
1.6
Sirianuntapiboon , 1988 D- 90
D- 90
2.5%
0.1 % 0.05%
475 . 3.5 6.0
10
290 17.5%
70 % 11 90 % 15
(Fedbatch) 80 %

70%

VDA
2

0.2%

30

10



Ohmomo , 1988

(Facultative anarobe) (melanoidiin - decolorizing activity)
MDA
Lactobacillus hilgardii
w - NS 28 %
10 02% 0.3 % L ! 0.1%
0.05%
1.3
1 30 5
40 %
Ohmomo , 1988
Lactobacillus hilgardi W-NS
1% 5.0 45
90 % 1
0.05 %

(Column-types reactor)

5 les
2.15

35,000 /.
200 (oH 4.2) 1500 .

D500 /. KD 1000 .
(258) 8
23



2.3

(

, 2528)

17

150
400



2.3( )

( ,2528)
[ .
1 -50( 1 I
|
) |
1 -20(
) 1
1 -120 I 80 1
[ . 1
|
1 -200 1 |
|
1 =300 | |
| |
2.15.1 (Storage Lagoon and Land Application)
6



6 4-5 150

400
23 ..
2.15.2 (Direct Agricultural Use)
(NPK)
Buffering  Capacity
10-50 ./

4-5



2153

2154

20 .

2155

10 .

10

20

(Road Spray)
05 . g§. "' ' U
34
0 |/
20 )
(Fish Farming)
12
600 ppm 1.0
1 1.0,

2.5

(Composting)



| mtnjRrum KGi Miaaadijw

! * 7 H'Winoa
1
60-70 1
1' 280 .
2.15.6 (Anaerobic Digestion)
90 % 1 S 20
20 . 80
I
2.15.7 (Activated Sludge)
20-50 1 .. 100 -
20 /.. 200 [ ..

2158 (Evaporation and Incineration)



22

B o N

200- 300/

(Activated  Sludged)

Residence time : MCRT)

Arden

& Lockett

(Mean

2.3

22

1914

Cell
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)

e

T dandlimwnay
2.3 (2539
22.1
Organic + 2  moaoogan,an >newcell + C02 + HzO + Energy (3.1)

(Pollutants)



2

(Break Down)

(Complex organics)
(End products)

(Batch-process) 24
. Organic Matter ( )
! !P 0, UpleRate (0« 7 )
| Biological Solids ( )
| £

Time( 8201 )

24
(- 2539)



222

2221

(aerobe)
(facultative anaerobe)

(Transfer Step)
(Conversion Step)

CHONS + 2+nutrient =m SCBHMNO2+C02+HZA +energe +NH3+ 0
(Organic) (NewCells) (32)

2222

(Floe)

2223



2224
(Sludge age : Oc)
(FM Ratio)
FIM
FIM
(Pin
Point  Floe)

223

2231 (Floe forming microorganisms)



2232 (Saprophytes)

2
(Primary)
(Substrate)
(Secondary)
2233 (Predator)
2234 (Nuisance microorganisms)
2.2.4

2241



2.2.4.2

2243

(Domestic wastewater)

(Filamentous)

( )

(Dispersed growth)

(Nutrients)

100
0.5

(Saturation valve)



2244

2.2A.5

(PH)
.
65-8.5

(Precipitate)

22456

]
7
6.5  (Fungi)
(Acute toxicity)
,  (Chronic toxicity)

50 /.



2.2.4.7

10
37

(Density current)

2.2.4.8

(Completely mixed)

2.2.4.9

(Equalizing tank)



225 ,

2 2.4
225.1 (3
2
2.25.2 (ko/day)
2.25.3 (kg/day)
(C-BOD)
(N-BOD) (Single Stage Nitrification)
2254
(m3day)

(ky O2HP)



2255 ( 3day)
R
(QQ)
2.4 (WEF  ASCE, 1992)
Process 0C(day) ko g VIQ (h) QrQ
MIVSS - day (myl)
Conventional 5-15 02-04  1500-3000 4-8 0.25-0.5
Complete Mix 5-15 0.2-0.6  3000- 6000 3-5 0.25-1.0
Step Aeration 5-15 0.2-0.4  2000- 3500 3-5 0.25-0.75
High rate Aeration 5-10 0.4-1.5  4000-10000 2-4 1-5
Modified Aeration 0.2-0.5 1.5-5.0  200-1000 1.5-3 0.05-0.25
Contact & 5-15 0.2-0.6  1000-3000  0.5-1.0  0.25-1.0
Stabilization 4000-10000 3-6
Extended Aeration 20-30  0.05-0.15 3000- 6000  18-36 0.5-15
Pure-Oxygen 3-10 0.25-1.0  2000- 5000 1-3 0.25-0.5
System 10-30 0.05-0.3 ~ 3000 - 6000 8-36 0.75-1.5
Oxidation Ditch 8-20 0.1-0.25  2000- 3500 6-15 0.5-1.5
1 Stage Nitrification
2.2.6
2.26.1 !



22.6.2

2.3
Exchange Membranes)
(Reverse Osmosis Membrane

(Osamu, 2000)

Concentration  technology)

1950

RO)

(dynamic)

(lon

1960 40

(Separation-



(Physical  treatment) (Membrane
Filtration) ( )
(Trans-membrane pressure)
(Mcro-Filtration M) (Utra-Filtration  UF) (Nano-
Filtration : NF) (Reverse Osmosis : RO)

107- 10% 0.0001 -0.001 pm

(Dialysis, D)
(Electrodialysis, ED) 3
(Gel - Chromatography)
(Cyclone) (Centrifuge)
231
Hollow  fiber

2.5



Q& By hoodplate
%ﬂt fbra etk
| Quogite LU % Rmﬁﬁxm
p /< \ | rordp
Feed =) Rl = NV R

25
(Rautanbach  Albrecht, 1989)

Fane (1987) (Membrane  process)

30

2.8

(Synthetic mrmbrances)

32220 &2-2%
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Membrane - filtration

Dead-end filtration Crossflow filtration
| °4 ° 1® Jo
il ! . 1 Membrang| " A A

Flux

-~ —*
Time Time
2.8
(Rearick , 1995)
2.3.2
2
2.3.2.1 Isotropic Membranes
3
1

1) Microporous Membranes

0.01 - 10



2) Noporous Dense Membranes

pervaporation membrane

3) Electrically Charge Membranes
Anion Exchange Membranes
Cation Exchange
Membrane

2.3.2.2 Anisotropic Membranes

20

Anisotropic
(Thin Film
Composite, TFC)
2.9



Isotropic membranes
Isotropic microporau* Honporous dense Electrically charged
mbrango memorane nm%/ra'le

;‘%ai.-, Q3
DRI

v A anisotropic membranes Polymer

ThelVUmcomposite

2.9 (Baker, 2000)

2.32.3 Ceramic Metal and liquid Membranes

(Liquid Membranes)



25 ! o (%585

Celulose  Polysulfone ~ Aromatic  Polyacrylonitile

Acetate Polyamide
MWCO 1,000- 5,000 - 1,000- 30,000 -
50,000 50,000 50,000 100,000
pH 3.5-7 0-14 2-12 2-12
(°C) 3 100 80 50

233

2331

(pore size) 0.03- 10
MWCO (Molecular Weight Cut Off) 100,000
100-400 KPa (15-60 psi)

2.33.2



(Sieving effect)

2.3.3.3

2.3.3.4

(Yamamoto, 2000

2.3.4

(Molecular Weight Cut-off)
(Sieve Effect)

300

Osamu, 2001)

2.6

(pore size)

(Diffusion Effect)



Phase 1

Feed Membrane ===~ “1 Retentate
Phase 2
1
Permeate
2.10 (2543
0.5- 10 oum.

1 bar

(Backwashing)

1,000-80,000



20

20 - 80

2.3.5

(MWCO)

100 - 200

3- 1000 A



Diffusive  membrane
(lon- Exchange membranes)

Kesting (1971)

UHUII S UID LMY
Dense/non porous membrane .
Uttrathin
= Phase
UM T MUY IR Y inversion
Porous membrane
usMnsURAR a1 o
o formaton mereield T (Liquid membrane)
= (Dynamic membrane)

usunusunanaoulessu e
lon exchange membrane

211 (Kesting, 1971)



211

2.3.6

(Modules) (Cartridges)

4 (Plate type)
(Turbular) (Spiral wound) (Hollow fibres)



2.6 (Osamu, 2001)

Criteria Plate type  Spiral  Tubular - Hollow
wound Fibres
Compactness + + i H+
Ease of Cleaning :
in situ + ] + )
by backflush \ - (2) +
Cost of module + +++ i HH+
AP (feed - reject) : Ho )
Dead volume + + ] e+
Quality of pretreatment + : ++

required

- cleardisadvantage +++ clearadvantage

(1)

(2)



4
2.3.6.1 (Plate and Frame Module)
2.12 (Porous
Plate)
212 (Osamu, 2001)
2.3.6.2 (Turbular Module)
2.13

(Applegate, 1984)



49

51 2.13 Tugawnnie (Osamu, 2001)

2.36.3 (Hollow Fiber Modlule)

01 )

2.14 () () (Osamu, 2001)



2364 (Spiral Wound Module)
?
215
| 51020 %0

2.15 (Osamu, 2001)

23.1

2.1



2.1 (Osamu, 2001)
Water Groundwater ~ Sea water Industrial Domestic
Membrance  Surface water  Brackish water ~ wastewater wastewater
Microfiltration - Indlustrial - Pretreatment - Membrane - Membrane
(MF) water for RO separation separation
treatment activated sludge  activated sludge
- Tap water - Wastewater
treatment treatment and
- Pretreatment reclamation for re-
forRO use
Ultrafiltration - Industrial -Wastewater
(UF) water treatment and
freatment reclamation for re-
- Tap water use

treatment
Reverse  -Purewater  -Purewater - Treated
Osmosis  clarification clarification ~ wastewater
(RO) -Tap water  -Tap water  reclamation
freatment  treatment

238

2381 (Concentration Polarization)



(Cross Flow)

2.38.2

3-7

2- 11 45
2.38.3

(Critical Pressure)

2.3.8.4

3-5%

0



239

2.3.9.1

(Fane, 1987)



2.3.9.2

(Batch) (Continuous)

— Concentration Polarization (CP)

Fo

— Fouling

uling

pH 4-8

CP /

(Bulk Solution)

(flux)
S
fouling /
1 ?l
Fouling

(Cellulosics)

' (Polysulfone)



pH 1-13
60 - 80

24
(Prochem Tech International,

2002)

24.1
01 . 20 flm.
2

(absolute) (nominal)



Capillary-type pore

pores Depth membrane

Depth membrane

Cellulosic esters

Cellulose esters

150

Tortuous pore

Screen
Screen  membrane
Depth membrane 10%
Depth ~ membrane

Tortuousity

Screen Membrane

Tortuous-type

Cellulosic ester

75- 89 %

Depth

Depth  membrane



242 Vv

(Effective size)

25 {

(Biomass)
100

(Osamu, 2001)

(Composite wastewater treatment

process)



25.1
(Membrane Bioreactor . MBR)
(
)
2
2.16
influent
Excess sudge

(@)

The two main MBR configurations: (@) recirculated MBR: (b) ix

2.16 MBR (Osamu, 2001)



(Backwashing)

252

HRT)

(Airlift effect)

(Cross flow)

(Hydraulic Retention Time
(Suspended solid Retention Time : SRT)



L 5
2.
(Dynamic membrane)
3.
4,
5.
253
L
2.
3.
(
) (Cross-flow Velocity) (

(Resistance-in-

series model) (permeate flux)



35 (Momoi
Komatsu Osamu, 2001)

E (35)
Rm+Rp+Rg+Rc)

Where J = permeatefiux, ../ ..
M =  permeate viscosiy,
Ap = transmembrane pressure,
Rm = hydraulic resistance (membrane resistance), ./ .
Ro = ireversible fouling resistance (plugging resistance), ./ .
Ry =  resistance dueto gel layer, ./ .
Rc resistance due to cake layer, /.

(hydraulic resistance : Rm)
(Irreversible fouling resistance : Rp)
Rg

Rc

26
26.1 ,

, 2530



62

033 . 0.60 .
231 741 . | .-
6.67 11.11 552
A B 11.11 0.31 X 103
o 058X 102 .. .
65.5 % 54 %
2536
U7 . 112 15
(113280 . 1)
52 11 .
| 01 . 1 .-
025 ./ . 0099 ./ .
1003 .. - .. 44%
2537
4.7 .
28-35
25000 . /.
4
507 7153 . | .- 1.53
| . - 03309 ./ .
0.225% ./ - 16981 ../ -

39 % 61 %



68.18 %
753 .
10820 . /.
HRT 0.66 89.90%
, 2538
3 ,
510 20
2544
2
' 2
0. 2800 . 1
, 187 .
135 .
1.25
75
3,500 4,500 233 3 . |
58 %
65 % 2 55%  65%
233 3 . .- 1
045 2
45 51 233 3 .|
2546 ,



900 - 1200
1300-1500
94.64 %
65.89 %

26.2

Buckley, 1992

5.5-6
KPa
Delgado Diaz . 1998
43,28,89 .
60%
1-3 1
2.6.3
, 1984
(Membrane anaerobic reactor system)
whey) (oilot  scale)

50 J . -

560,000
8-16

10

400

93%

1001 2

35,000
[ ..

(Sweet
/.



, 25- 50 95% 16
[ - 10 /.
13,000 /. 0.06-
012 . [ .
22,000 - 26,000 /. 028-034 ./
Talat, 1988 10 10
3
2 . I - 95-97% 100%
7.7-8.2
FIM

Sopajaree, 1989

0.15-0.35 . i
90-98% 90% 78%
Yamamoto , 1989
100 KPa
03 .. 1.8 4 0.121
R A 13 KPa 1.5
I 95% 0.1

3-4 . o 30-40 /.



Chaize Huyard, 1991
8 100
65-150 ./ . 25
14 :
day
Chiemchaisri , 1992
- 500 30-5 /.
85- 97%
35
4-5 .
90, 80%
Ueda, 1997
8-12 ..
07 .
(Intensity) 0.41 0.612
, 2543
98% 41-93%
99 % 90 %

8,000 - 10,000

20.8

0.06-0.4 kg,

, 159 /.
1 /.

120

40 - 90%

250 - 500 /.

1. :
30, 10, 40-130
lkg.

1-

2

1

1

150

94-



264

hilgardi

7.9

97%

, 2545

80%

, 2546

92-95%
62-92%

W-NS

9 ./ 325 .
358 . [
95 %
171 /
86-91 %
182 |/
Buckley, 1992
Lactobacillus
Ohmomo 1988



(Talat, 1988)

(Ueda, 1997)
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