2.1 NOM

NOM

j | Aliphatic
(Phenolic)

NOM
NOM

Aquifer NOM
,1995)

NOM

NOM
NOM
NOM Cyanohacterial
(Aromatic)
NOM
NOM ,
NOM
’ NOM
( Goel
2 2
NOM

045 fjm NOM



m W BTiifltt

'-anuhiMUMjpnﬂ\NH
NOM
(Charge Neutralization) (Crozes , 1995)
NOM 2
NOM Hydrophobie
NOM Hydrophobie
Hydraphilic Acids (Owen
, 19%) NOM 4565 %
3555 %(Hanra )
211 NOM
.. 1970 NOM
NOM
NOM
Disinfection By-products (DBPs)
NOM
NOM
, Owen
(1995)  NOM DBPs
2 2 NOM

(APHA, AWWA, WPCF (1995)



212
2121
!1
(Aromatic
Monomers) Chirstman ~ Ghassemi (1966) A
(Functional Groups) (
Caroxylic Acids) (Hydroxyl) (Ketong)
60-90 %
I (Hanra )
Stevenson (1982)
Hydrophobic
Hydrophobic Hydrophilic ( )
, 2 22
2122
! Gjessing (1966)
Gel Filtration 700
20,000
1,300 - 13,000
Osmometric Cryoscopy Diffusion Viscosity 700 - 26,000
Ultracentrifugation  Light Scattering 30,000- 80,000

200- 1,000 (Gassemi Cristman, 1968)



Bulk NOM

1.0/Im Filtration

b

DOM + COM

R e e A A

v

: =
5 41
MW Organic [ Inorganic E
fractions analyses [ analyses =
]
v t r o Al
DOC W  Ruocescence DBPFP “Qﬂ@gﬁg’srcbe%“ccee p|-|_y
Absorbance WA Total Kdeldahl nitrogen Bromide,
Tikélty =7r ? =meseesy BDOC&AOC Conductivity
nfactons B SD0EP A s "
Resin fractions = Chlorine demand Turbidity
DOC DOC
UV absorbance UV absorbance
FIuBrBescFePnce FIuoDrBes}c:%nce
Acidity (carboxylic; phenolic)
Relative polarity (RPLC).
Oxjdation reduction potential
Aluminum binding capacity
21 NOM (Owen

19%)



2.2 ?

Schnitzer  Khan (1972)

21

21

Value of molecular weight
5,000-7,000
4,500-26,000
14,000-20,000
5,000-100,000 (Average 25,000)
10,000-200,000
~ 25,000
~ 36,000
47,000-53,800
~ 53,000

215- 2110

d-u

NH (P<Pide)

(Schnitzer

(Stevenson, 1982)

Khan 1972)

Method of estimation
Dialysis
Diffusion
Gel filtration
Gel filtration

Sedimentation, Viscosity

Viscosity
Osmometry
Sedimentation
1990s
Hasett  Banwart (1992)

20,000 - 1,360,000



213 £ NOM

TOC V254 B NOM
TOC
(Dissolved Organic Carbon ~ DOC) TOC
2 045 fjm
(Particulate Organic Carbon ~ POC)
2 045 fjm (Volatile
Organic Carbon \VOC) Gas
Stripping (Nonpurgeable Organic Carton
NPOC) TOC Gas Stripping
Edzwald (1985) UV254
Nonpurgeable TOC (NPTOC) ' (Trihalomethane Precursors
THVP) UV254 TOC #
NOM NOM (Goel , 1995)
UV254
254 nm
NOM
Eaton (19%) 2 #

£
THWP DBPs 2
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2.14 NOM
2141 NOM
NOM
The National
Organic Reconnaissance Survey (NORS) NPTOC
Conventional Treatment %
THWP 2 3(Symons , 1975 ; Oliver ~ Lawrence,
1979)
Kavanaugh (1978)
THVP THWP
J 5-6
Fe3
35 15% ,
80%
Crozes (1995)
NOM FeCij
NOM
FeClj 6.0£0.2
NOM  65% 60%

, NOM
DBPs (Jacangelo , 1995)



2.14] NOM

McCreary  Sneeyink (1979)

NOM
NOM

NOM '

2143 NOM

Pilot-scale
THMs

2
1979)

Owens River

Lake Casitas
Columbia River
Ohio River

Bay Bull’s Big Pond
Mokehunne

Middle River

2.2

]

0.5-4.0
1.0-8.0
1030
2.0-6.0
2.6-11.0

THMs

TOC.

13
35
24
3.0

24

NOM

NOM
NOM
NOM  (Jacangelo , 1995)

NOM
24

(Trussell ~ Umphres

%

THMs
8.3 18
6.1 6
8.0 16
11 46
5.1 21
9.2 62

13 32
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5 THMs
Q1 @
8) @)
)
(Tnisseil ~ Umphres 51978)
DBPs Najm Krasner
(1995) Br  NOM Ozonation By-products
B (Bromate)
TOC
23 A NOM (Marsono
1996)
«
THMP

<60%  DOC<50%

GAC

DOC < 509% THMP 29-56%
i (10- -
5 )



23

(
(
Jacangelo (1995)
NOM 3
NF
NF
2.4
1995)
NOM
(
Regeneration)

NF

NOM

24

Br

i ?
NOM Ozonation
By-products.
NOM  Br
Brominated By-
products,

NOM ( Jacangelo,

13



2.2

Permeable Membrang)
2539)
(End-of-pipe Treatment)
(Zero Discharge)

(Purification)

Conventional Processes
(Biological Oxidation)

14

(Semi-

(Waste Minimization)

(Driving Forces)



Permeating component
Solvent
Solvent

Solvent
Solvent

Solvent

Solute (ions)

Solute (ions)

Preferably permeating
component

Preferably permeating
component

Solute (ions)

Solute (metals)

Solute (ions)

I (Cartwright, 1994)

PERVAPO- MEMBRANE* CONTACTOR
RATION  CONTACTOR

N/A N/A
Good Good
Excellent Good
N/A Good
(liquid-liquid extraction)
None None
N/A Upto 80%
(organics)
Excellait Excellent
less than 25% less than
of distillation 60 psi
7-15 0.50-4
35 0.40-4

25 Iy (Rauterbech  Albrecht, 1989)
Membrane Process Separation potential for Driving Force
Microfiltration Suspensions, emulsions Pressure (0.1-500 kPa)
Ultrafiltration Macromolecular solutions,  Pressure (100-1000 kPa)
emulsions
Nanofiltration Di and multivalent ions,  Pressure (300-1400 kPa)
macromolecules, organics
Reverse Osmosis Aqueous low moleculat mass  Pressure (1000-10000 kPa)
solution, organic solutions
Osmosis Aqueous solutions Concentration
Dialysis Aqueous solutions Concentration
Electrodialysis Aqueous solutions Electric potential
(Gas separation Gas mixtures, water vapour-  Pressure (100-10000 kPa)
gas mixture
Pervaporation Organic mixtures, aqueous-  Activity
organic mixture
Membrane distillation ions Temperature
Pertraction Metal from water Concentration
Liquid membranes Aqueous low molecular mass ~ Concentration
solution
20 » Iy |
Feature MF UF NF RO ELECTRO-
DIALYSIS
Suspended solids removal ~ Excellent  Impractical Impractical Impractical N/A
Dissolved organicremoval ~ N/A  Excellent Excellent Excellent N/A
VOC removal N/A Poor Fair Fair-good N/A
Dissolved inorganic remova ~ N/A N/A Good Very good
(function of salt species) (90-99% removal)
Osmotic pressure effects None  Minor Significant High None
Concentration capabilities  Upto5% Upto50% Upto 15% Upto 15%2  Upto20%
total solids  organics (ionic cone.)
Permeate quality Excellent  Excellent Good Excellent Good
Energy requirements 20-40 psi 50-100 psi 70-150 psi 225-1000 psi~ Function of
ionic cone.
Capital costs (S/GPD) 0505 0.50-7 0.50-5 0.50-5 0.50-4
Operating cost 050-4 0503 0.75-3 13 030-1
(S/1000 gal feed rate)

1 Function of molecular weight
2. Function of osmotic pressure

3.Function of vapor pressure
4. Function ofvapor pressure and concentration

NJA - not applicable
GPD- gallons per day
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23 NF
NF
Reverse Osmosis (RO) Ultrafiltration
(UF) (Eriksson, 1998) RO
(Operating Pressure) (Demineralization)
UF
UF
NF RO UF
(Muaient lons)
(138-827 kPa) (Amy , 1990) Trihalomethane
Formation Potential (THMFP)
(Cluff, 1992) NF
23.1 NF
.. 1970 Israel Desalination Engineering “Hybrid Filtration”
RO UF
50-70 %
90% Hybrid  Filtration
Media Filtration ~ Cartridge
Filtration

1980 Film Tech
34 Limhrta
10% [ 90%
RO
UF [
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RO
(Diffusion) UF 2
RO RO
Film Tech NF
NF Microfiltration (MF) %%
1 fjm MF
11
NF (Eriksson, 1988) NF
1986 (Chifi; 1992)

\Sfpfded particles

VL X% * Macromolecules
- v X A I

Microfiltration

Ultrafiltration i *V X« t
- % « Sugars
* o % | Divalent salts
Nanofiltration -V Oissociated acids
\‘ \ H ~I%Aa(ﬁtrg{ovalelnt
Reversa osmosis \ ' gé‘.%'ss sociated
1Water
23 NF (Raman , 1994)
NF 138-827 kPa(Tan ~ Amy, 1991)
NF 4000 kfa
30 kPa (Ratanatamskul, 1996) 1
23.2 NF
NF NF
Asymmetric

Multiple Layer Thin Film Composite
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Cadotte, 1990)
Active Membrane Layer

(Petersen
Membrane Layer

Active

 1994)

2 nm (Raman

Polyamide t3

[y
"
e

Ultrathin Barrier

Layer
0.2pm , \

, Microporous

Polysulfone

]

Reinforcing Fabric

Ty
TS

g
&

(Petersen

Composite NF

24

Cadotte, 1990)

RO

Molecular Weight cut-off (MWCO)

NF

100-200

NF

MWCO

25

-r

80

‘NTR7450

WY
y

o
| « 1

S .

7L

350 400

100 150 200 250 300

50

Molecular weight

NF (Raman , 1994)

MWCO

2.5
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MWCO UF 1000 RO 500
(Eriksson, 1988) MWCO ,
MWCO RONF  UF MWCO NF
RO UF
233 NF
NF Active Layer  Hydrophilic
Hydrophobic UF NF
(Rudie,
g Mo sm anics.com fproductsIPageT T n) Active Layer
Hydrophabic Colloid
(Raman , 1994)
234 NF
NF Hat Sheets (Plate and Frame Type), Hollow Fibre
Spiral Wound Hollow Fibre  Spiral Wound
Pilot Scale  Indlustrial Scale Flat Sheet
Spiral Wound Hollow Fibre
Hollow Fibre
, (Laine , 1987)

23.4.1 Plate and Frame Module

Filter Press (Porous Plate)



SEA WATER —— MEMBRANES

/ O-RING SEAL

. S TIE ROD

r - FRESH’WATER ouT

== FRESH WATER

— POROUS PLATES
WATER

\— 0.RING SEAL
CONCENTRATED BRINE

SUBSTRATE

FEED WATER
SPIRAL BAFFLE /=

MEMBRANE
SPIRAL BAFFLE
FEED WATER

PRODUCT WATER

PLATE NO.2

SUBSTRATE
EXPLODED CROSS SECTION

SUPPORT PLATE CENTER WITH COLLECTOR
SHAFT SHOWN

2.6 Plate and Frame Module ( , 2539)

2.3.4.2 Spiral Wound Module

Polypropyrene

510
20 30cm, 1m, (

23.4.3 Hollow Fiber Module

Hollow Fiber Module



*8 atmm

Module teal dealt aiaiott INe intide wall of a peetture
vettel 10 force Ihe feed toluiioo Ihrouih Iite module}

Concentrate

Permcate out

Feed channel spacer
Membrane

Permeate collection
material

Membrane
3 »>——— Feed channel spacer

Permeate Now (after passage
h h b into pe

collection material)

Adhesion line

Covering

2.7 Spiral Wound Module ( ‘ ,2539)

Epoxy nub Shell

/

é; "o CPul = Porous
- \r.]\ "'\ N 2 o supporting
= — == 1 plate
@ ] t [ I E
LY
Salt water
inlet — T Product
‘ ‘ [ % water out
d N (T & [ [ I
Brine (concentrate) outlet / Epoxy tube
-.// =5 1 [ | b7 sheet
' X o
Hollow fibre iy vt
membrane

85um

Thin skin
0.1 - 1 xm thick

42pm « 0.001 6in  85pm - 0.003 Jin

2.8 Hollow Fiber Module ( ' ,2539)



2.35

NF

RO

NF

NF
RO

(Semi Permeable Membrane)

(
[
(Osmotic Pressure)

Vapor Pressure

Reverse Osmosis (RO)
NF 2

()
M= nCRT

(atm.)
= NaCl
= (mole/L)

= 0,082 atm.-L/mole-°K

(K) = 273+C

RO
(Osmosis)
2 29
2 29
)
(29 )
21)
=2,Nao, =3

2



OSMOsIs

2iQ

® ¢

-FRESH WATER

O
O
O e SEMIPERMEABLE

O J|=— MEMBRANE

-

nQ

REVERSE OSMOSIS

y
b

PRESSURE ! \vj
l H v
= = -
O FRESH WATER
CONCENTRATED
SOLUTION
o @0
O
O SEMIPERMEABLE
- MEMBRANE
, A J

29 " () ()

125%9)

23
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Law

NF
(lon Exchange) (Adsorption) NF
2
1 : NF ' ( 2
nm.) 200 (Sieve)
2 (Electrostatic Interaction)
NF
23.6 NF
2.36.1 Pore model
U NF
RO
Coupling Coupling
(Viscous Flow)
(Koottatep, 1979)
(Volumetric Water Flux) Pore Model Poiseuille’s
||
v cix 22
r = (Equivalent Cylindrical Pore Radius)
V' = Kinematic Viscosity

e Gradient
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_ _oer2dp
Fw = eu = 8 dx (23)
Fw = Volumetric Water Flux
e = )
23.6.2  Solution-Diffusion Moclel
Solution-Diffusion Model # , (Diffusion)
2429
Recovery 2.10-2.12
Mass Transfer Coefficient (MTCs)  Concentration Gradients
= cp 213 , Concentration Polarization
Coupling
Concentration Polarization
lon Coupling  System Recovery
%6Recovely ##
# MTCs o
Permeate # #% ## Permeate
# # (Blau , 1992)
Q ¢ Q C,
> K. K B
Q. €




Qf=QP+Qc
of = Influent
Qp = Permeate
Qc = Concentrate

QfCf=QPCp+QeCe

Cf = " Influent
Cp = Permeate
Cc = Concentrate
R Q,
Qf

R = Recovery

F, - AT [iP - A*1 -A.

Fw = Permeate
AP =
Ar =
F = KJC.-C))

Ft = Solute Flux
Kr =
Cm =
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A =
Kw = Qg (2.10)
Ko %XPP (2.00)
AC = 1C.-C,7] (2.12)
= K ¢,
¢\ ! APAK,£,| ™ (2.13)
W > X)((z_/o 1+K,

23.63 Donnan Exclusion Model

NF (Charged
Membrang) Dynamic Equilibrium
(Counterion)
(Co-ion)
Membrane Phase (Bulk Solution) “Donnan Potential”

, , (Difiusion) ~ Counterion  Membrane Phase Bulk Solution
Co-ion  Bulk Solution Membrane Phase  Donnan
Potential Donnan
Potential Co-ion
(Electroneutrality) Counter lon

Mz Yan M2* Y4 Salt
Distribution Cogfficient (K*)

Vero= o Ty oy \Zy(y \ZytZm »,
lc,1 [Z (c.v <> 1
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Z, i &y O Co-iony  Bulk
Solution Membrane Phase Y Ym ® Activity Coefficient ~ Crft
Charge Capacity
Rejection R = LK
Rejection Membrane Charge Capacity 5

Diffusive ~ Convective Flux
NF (Bhattacharyya  Williams, 1992)

23.6.4 Extended Nernst- Planck Model

It +% ) || - -CADIWA( ~ 4 (214)
Jj,CjmPDj(m).Z>YjH) 0 » 5 Diffusivity |,
Activity Coefficient ] m Membrane Phase  E Donnan
Potential F Faraday’s Constant Solute Fhix
Convection Donnan Potential
Salt Flux Diffusion
Donnan Equilibrium Model
, Nemst-Planck Convective Diffusional Fluxs
NF (Bhattacharyya ~ Williams, 1992h)
23.7 NF
NF
RO

NF $ NF
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NF
2.1 NF
23.8 , NF
NF
NF
NOM Concentration Poralization
Crossflow Velocity
%0Recovery
23.8.1 Concentration Poralization
(Hydrodynamic) NF

Boundary Layer
Boundary Layer

Boundary Layer ( 2 2.10)
Concentration Poralization
Concentration Poralization
( ) Boundary Layer

2.10



2.1 NF
Manufacturer Membrane
Celfa DRC-1000
DDS HC50
Desalination Desal-5
Film Tech NF40
NF50
NF70
XP20
XP45
NF40HF
NF40-8040
Kallg NF-PES-10/PP60
NF-CA50/PET100

Membrane Products MPT-10
Kiiyat Weizmann ~ MPT-20
MPT-30
Nitto NTR-7250
NTR-7410
NTR-7450
Osmonics B-type TLC
pa AFC-30
Toray SC-L100
200HF
SU600
700
UTC-20HF
UTC-20HR
UTC-60
UoP ROGA-4231
TFCS-4921

CA=cellulose acetate, PA=polyamide, PVA=polyvinyl alcohol, SPS=sulfonated polysulfone, SPES=sulfonated polyethersulfone

Active
membrane

layer

*%
*k
f+
PA

*%

PA

*%

*%

PVA
SPS
SPES

PA
CA

PA
i

.*

**=(lata not available, M*“magnesium sulphate

charge

H

Negative
"

Negative

]

*%

*%

Negative
Negative
Negative
Negative
Negative
Neutral

A

*%

Negative

Amphoteric

*%

*%

(Raman
Operating conditions
pmax  pH  Temp.
(kPe) (Q
4000 38 40
6000  2-10 60
4200 211 50
400 211 45
4
m 3 8

\ *
*% *% *%k
*% i‘ *%
*% *% *%k
6000  1-14 90
4000 28 40
*%k
1500 310 40
g0 38 35
*% \ *
*% *% *%k
*% *% *%
*% *k *k
*% \ * i‘
*k *k b+

. 1994)
Test conditions Performance
Pressure  FeedCone.  Flux  %Rejection

(kPa)  (mg/L)NaQ (Limzh)
1000 3500 50 10
4000 2500 80 50
1000 1000 46 47
2000 2000 43 45
400 2000 50
600 2000 43 80
1000 2000 36 2
700 2000 36 50
900 2000 43 40
1600 2000(M) 36 9
4000 5000 400 5
4000 5000 120 55
t+ 2000 b 63
2500 50000 0
2500 50000 10
2000 2000 127 50
999 5000 496 15
999 5000 93 51
2000 50
2000 35
. 2000 IR
1500 1500 150 50
350 500 28 55
1000 glucose ** 99
1500 1500 146 50
1500 1500 101 10
** 1000 ¥ 85
b 500 * 85
b 2000 b 7



solute
concentration

reverse diffusion

2.10 Concentration Poralization NF

Concentration Poralization
,  Boundary Layer

NF
1 (Water Flux)
2. (Salt Flux)
3
4, CaCOj [ CaS04
23.8.2
%
MWCO
( )
$ NF ( 2.7)
NF (Monovalent
Inorganic lons) ,
(Multivalent Inorganic lons) %

0-20% 680 - 100 %



2

30 - 90%(Dyke  Bartels,

1990)
| MWCO
$
MWCO (Fu - 1994)
2.3.8)
00 NF
Solution-Diffusion Model  Pore Model - Duranceau (1992)
NF NF70
(Synthetic Organic Compound, SOC)
( 21) (K]
211 021 gpdisq.ft-psi
Schirgh ~ Widmer (1992)
DDS
2.12
30 — ;,/o‘%{‘“v(
I o y &
¢4
U wﬁ‘g# Ke= 1 «psi
i T TR A P PR o AR
2.11 NF (NF70) (Duranceau , 1992)
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—O—150C —#—250C —&—350C —X—450C

Flux, L/m2.h

T 1 T

T 1

1000 2000 3000 4000 5000 6000 7000
Pressure, kPa

2.12 DS5 (Schirg ~ Widmer, 1992)
% NF (213
213 *  Permeate
%
Permeate ,
Permeate Dilution Effect (Waypa
, 1997)
1.0 -~ P > T = ©
D WIANN T MFINg At
Al NaCl mpeoer o o
; = Press\z.::o, k Pa o L
a2g/l o 10 g/1 v20gq/1 4 404q/1
2.13 %

NF (Eriksson, 1988a)



23.8.4
00
Duranceau (1992) NF70
Dibromochloropropane (DBCP)
Concentration Gradient Eriksson (1988a)
( 213) 2000 kPa
0% 20% 29L  40glL
23.8.5
, % (Laconit , 1972
Schirg  Widmer (1992) DDS
214
100
—A— 1000 kPa —X— 2000 kPa
. /
S 60 -
5
o
20
0 +—
15 45

temp, oC

214 (Schirg  Widmer, 1992)



2J.8.6

NF (219

NTR-7410 - Asp: L-Aspartic

0 hPu :
5%%/\%"‘ l g e
lle:L-Isoleucine
o J
/c:m:L-Omimm;
4 8 12 16
pH

2.15 % NF
(Rautenbach  Groschl, 1990)

% : %
Isoelectric Point (

)

% Isoelectric Point

2.16 Isoelectric Point
(Rautenbach ~ Graoschl 51990)

2<2060 28
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NF ' ' (Flux Drop)
( 2.17)
1
w System: NF40 Membrane
[~ 50 mg /LCP,DCP,TCP
sol- 100 mg/LTCE,TTCE
DWF=11.2x 10* em/s
s I o Payg® 1380 kPa
a 20} Temp. =24%¢
: f Fee; pH 3 4
217 NF40
(Bhattacharyya ~ Williams
, 1992a)
23.8.7 '
% NF (218
%
Permeate “Doiman Effect”

2303
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o,
s/S ||

q
\ cNoCI:“ mol/m’:con"
" a Ap = 1000 kP
| !

RN
L LN
AN

0 20 40 60 mol/m3
Ft*d Concentration Cnq2sq”

Rejection of CI

2.18 % 1 NF
(Rautenbach  Groschl, 1990)

2.388

Koottatep (1979)
Permeate T2A 2.19

nsu ® .
0 4 ;
L
£ a0l : _
E
3 304 : }
5 201}
w
10 4
0 t + :
0 100 200 300 400
Suspended Solid, mg/L

20 MWCO 6000 (Koottatep, 1979)



»

=

s -

Permeate Flux; L/

' 2

L
N

m&.h
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2J.8.9
NF
Taylor (1987)
NF40 (2 22)
l.%s.o =
3241
28.8}1
25.2}
21.6f .
0 100 200 ) 360 ao.o
Elapsed Time of Operation,h
2.20 NF
(Taylor , 1987)
18
(K]
( 22) 2
0- 4750 4750 - 5750
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0.0151
Qm_;qmqumwﬂ' {Ml‘f’ NWNM
°‘°°“:®®®©®@® ® | ® ®
-;m.o"l.t!oo‘ zlooﬁa}nold.tlmls}m‘sml1m "n.goo[m:oa
] 221
(Blau ,1992)
23.8.10 Crossflow Velocity
NF Crossflow
Filtration
2.22

“Water & Contaminznts

At R

2.2 ()  Crossflow Filtration( )

Crossflow Filtration

, Concentration
Poralization '
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Crossflow Filtration
(Williamson, 1993)

Crossflow Filtration Crossflow
Velocity ,
Crossflow Velocity
, Crossflow Velocity
Boundary Layer {
Concentration Poralization (Williamson ~ Paulson, 1990)

Ratanatamskul , 19% Crossflow Velocity
Crossflow
Velocity 0.05-0.7 mfs SO~ POI~ NTR-
T29HF NF 2 1
cr  NO~ Crossflow Velocity
Concentration Poralization 1 Crossflow Velocity
, NTR-759HR Crossflow Velocity

23.8.11 %Recovery

Permeate
Permeate %Recovery
Hanra Rapid Bench-scale Membrane Test (RBSMT)
NF NOM (Br)
2 6
%oRecovery NF70  NTR 7450  Bulk
Rejections, R* Rb=((q-Cp/Cj) Feed Rejections , Rf

K. = (Cf-Cpj/CH) %6Recovery C,Ct  Cp
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Influent , Feed Permeate Rf
%oRecovery R* Rf  Y%Recovery MWCO
MWCO
NOM MWCO
24
NOM
Taylor (1987) 3 RONF  UF
THMP MWCO
400 THMP
THMs
THMSs
Tan  Amy (1991)
DBPs
2
DBPs DBPs
DBPs
Ozonation By-products
Blau (1992) NF DBPs
NPDOC 97% DBPFP %% TOXFP

%Recovery DBPs
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Laine (1993) Br MF  NF
DBPs UF MWCO 100,000 dalton
NF MWCO 200-800 dalton
UF DBPs  NF  Hollow Fiber ~ MWCO
400-800 dalton DBPs Br ,
Br Bromoform
Permeate NF  Spirl Wound ~ MWCO 200-300 dalton
Brominated THMSs
Allgeier  Summers (1995) NF Bench-scale
Pilot ~ Full -scale
Flat-sheet Concentrate NF
Spiral Wound NF DBPs
%
Pilot ~ Full-scale
Nilson ~ Di Giano (1996) NOM
NF NOM
NF Hollow Fiber NOM
NOM
NOM
NOM ,
Chellam (1997)
NF 3 MF , UF
Conventional Process NF Spiral Wound
MF  UF NF

Conventional Process

Conventional Process %6Recovery



Visvanathan (1998)
|

0-20 my/L,

6-10bar, TOC
, Mg+ 2-14mglL,
0-60 NF
, THVP
THVP 79
0%

Mulford (1999)
Pilot-plant

Pilot-plant

43

NF THVP
{
411, , Cat 8-32 mg/L,
2-10 my/L
DK NF45
%
THVP
NF
NF Full-scale

Plant ~ TOC 04 mylL THMFP 35 [Jg/Lmz HAAFP 28 /Z

Full-scale Plant

Second-order

Zero-order
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