79-101 79

88 7
XAD-8
molecular cutoff
DOC 0 K5 K
(THMEF P >10KO0.-5k
NOM NOM
THMs

1998 12 16
Disinfectant/Disinfection By-products Rule(D/DBPR) TTHM  MCL  100mg/L 80
mg/L 5HAAS 60mg/L 2020 5 40 mg/L 30 mg/L
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McGregot,1983)
(Jacangelo et al., 1995)
by-products (DBPs)

amino acids

(taste) (odor) (color)

(Jobin and Ghosh, 1972) Fe Mn (Prakash and

trihalomethanes (THMs) haloacetic acids (HAAs)  disinfection

1

(Trehy et al., 1986) 2.

(White et al., 1997) 3.
4,

(regrowth) (Allen et al., 1980; Bourbigot et al., 1984)
(Leeet al., 1980; Gregory et al., 1996)

Leenheer (1984)

bases)

(hydrophobic
(hydrophobic acids) (hydrophabic neutrals)

(hydrophilic bases) (hydrophilic acids)

(hydrophilic neutrals)

(humic acids)

(fulvic acids)
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DBPs THMs

Cl, ClIO, Og CT (Singer et al., 1994)
Joseph et al., (1989) Preozonation & Chlorination  Pre & Post Chlorination
TTHM ( )
Lykins Jr. et al., (1994) pre- post- disinfectants
preozonation
THM formation (Rice, 1981  Singer, 1990  Symonset al., 1994)
Reckhow et al. (1986)
Legube et al. (1994) (methyl ketone) pH
THM  TOX
O3

( e )
(regrowth) (Gilbert, 1987

Siddiqui et al., 1997) ,

MF
10°m

(AWWA Committee Report, 1992) RO

RO MF

(Sourirajan, 1970) RO
(dissolve)

RO

"’ solution-diffusion model’’ (Merten, 1966) UF NF NF
NOM CaCO3 (Gren et al., 1998) UF

MF 10°m
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UF MF  Shar UF
(Harz, 1998)
(Keza Iranpour, 1998) NF PAC (Taylor et al.,
1987) RO (Buros, 1989) (Conlon and McClenllan,
1989) (Kunikane, 1998)

(B.R.Kim et al., 1999) UF

(apparent
molecular weight AMW) UF NF
MWCO
Amy et al., (1992) MWCO
(e.g., 5,000~10,000 daltons)
1,000~5,000 daltons
(<1000 daltons) THMFP
AMW>5K daltons THMFP
1K~10K THMFP
Owenetal., (1995) Harwoods ‘s Mill Reservoir
AMW >1,000 daltons AMW<1,000 daltons
THMFP Carlson and Silverstein, (1997)
Laine et al., (1993) UF NF
MWCO 10K UF THMFP TOXFP 10%
MWCO 05K NF THMFP 40~90% TOXFP

60~95%



Croue et al., (1993)

AMW=>1,000 daltons 78~98 %

AMW>1,000 daltons 60~75 %

1. XAD-8

2.

3. UF/NF

4, UF/NF

THMFP AOXFP
31
DBPFP DOC UV,
31

UF/NF

UV2ss

DBPFP

83



0.45mMm pH 7 molecular
weight cut-off (MWCO) UF (MWCO =10,000 5,000 1,000 daltons) NF
(MWCO =500 300 daltons) 10,000 daltons 5,000

daltons 1,000 daltons 500 daltons 300 daltons

a UF (Milliproe Intertech Inc., Bedford, USA)
b. 10,000 daltons (Cat. # PLGC OMP 04, Millipore )
C. 5,000 daltons (Cat. # PLAC OMP 04, Millipore)
d. 1,000 daltons (Cat. # PLAC OMP 04, Millipore)
e. NF (North Carolina SRT OPTISEP-CL & OPTISEP)
f. 500 daltons (20-5FC-8741 OPTISEP-CL & OPTISEP)
0. 300 daltons (20-5FC-8729 OPTISEP-CL & OPTISEP)
UV 254 (UV 1201, Shimadzu, Japan.)
(DOC)
1
a (TC) C,H.KO, (Charge #7275, RD.H)
b. (1C) Na,CO, (Lot # 409D1335, KANTO Chemical Co., INC,

Japan) NaHCO, (Lot #407D1313, KANTO Chemical Co., INC, Japan)

Tota Organic Carbon Analyzer (Model TOC-5000, Shimadzu Co., Kyoto, Japan)
(DBPFP)

(THMs)
(AOX)
0.45mMm
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(DBP Formation Potential)

40 ml (Cl,/DOC=3:1)
(NaOCl) pH =7 25 7 7
Na,SO,
(THMs)
THMs US EPA Method 524.2 GC

GC/MS THMs

1
THMs Standards ~ Standard # C-188-01, NSI Environmental Solutions, USA
2.
a (GC/IMS) GC-14A, GCMS-QP2000A, shimadzu Co., Kyoto,
Japan
b. Purge& Trap Tekmar LSC 2000, Cincinnati, USA
C. Klothn (5.0 ml)
d. (40 ml, Teflon )
(Adsorbable Organic Halogen, AOX)
AOX Standard Method 18"ed. (1992)  Adsorption - Pyrolysis -

Titrimetric Method
1. (GR. )

a. sodium acetate (6267.1000, Merck)

b. glacia acetic acid (200-580-7, RDH)
potassium nitrate (5079.0100, Merck)
2,4,6-trichlorophenol (R 22-36/38, R.D.H.)
sodium sulfite (6657.1000, Merck)
methanol (6009.1000,Merck)

- o a ©

TOX-103 , Mitsubish, Japan
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( NF UF)
Molecular weight cutoff (MWCO) 6
0.45p m-10KDa 10K-5KDa 5K-1KDa 1K-0.5KDa 0.5K-0.3KDa <0.3KDa 6
cutoff DBPFP
4-1 DOC
10K 5K 1K 0.5K 0.3K
DOC 1K-5K DOC 25
0.5K-1K 21 0.3K-0.5K 5K-10K
13 (0.45p m-10K) (<0.3K) 29
DOC >10K
0.3K-0.5K DOC
( 4-1 4-2)
30
25 m|
, 20
> 15
2 10 -
5
0
0.45um-10k  10k-5k 5k-1k 1k-05k  0.5k-0.3k  <0.3K
4-1 DOC
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D [
25
=
. 20 (—
)
Q -
g 15
a
10 [—
5 E—
o
0.45um-10k  10k-5k 5k-1k 1k-0.5k  05k-0.3k  <0.3K
4-2 DOC

Nilson and DiGiano, (1996)
Hydrophobic NOM
(1997) (
68.3%
65 %)

%)

(75%

0.3K-1K
5K-1K 15%
DOC
4-3 4-4
0.5K
0.3K

0.3K 74%

DOC

UF
Hydrophilic NOM

Tarboro Water Treatment Plant
<3K ( 705
+ + ) 5K
( ) 5K
(1998)
4-1 4-2 DOC
<0.3K DOC 69
>5K 15.7 DOC
1K-5K  5K-10K
500 (71% 56%)
DOC (83% 82%)
Ashish et al., (1996) 3mg/L Os
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90
75 | —® /
S 60 | —@— /‘//'7
. / /‘/
8 30
0
15
o]
0.45um <10K <5K <1K <0.5K <0.3K
4-3 Molecular Weight Cut-off
90
75— —® 7
ol | = g
5 o
Q
8 /
15 |
0
0.45um <10K <5K <1K <0.5K <0.3K
4-4 Molecular Weight Cut-off
4-2 UV,/DOC
4-5 4-6 UV25/DOC
UV,54/DOC 0.5K-1K
10K (0.030)
UV,5/DOC
>5K ) (< 0.010)
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0.035
0.030
ey
E 0.025 |—
g 0.020 |
% 0.015 ||
S o010 |- ] — N
D
0.005 || i:
0.000 ‘ ‘ ‘ [ - [
0.45um-10k  10k-5k 5k-1k 1k-0.5k  0.5k-0.3k  <0.3K
4-5 UVs: DOC
0.025
D ——
., 0.020
£ =
g 0.015
o)
[a)
I o0.010 _I _I
S
o]
0.005 I
0.000 . ‘ ‘ ‘
0.45um-10k  10k-5k 5k-1k 1k-0.5k  0.5k-0.3k <0.3K
4-6 UV+4: DOC
4-3 THMFP
DOC
5K-1K THMFP (25.0%) 0.45um-10K
(29.6%)(  Figs7 Fig.4-8) 0.5K-1K (23.2%)

THMFP 0.45y m-10K 1K-5K  0.5K-1K



THMFP 05K~0.3K  (
28%)
( 11-19%
) DOC THMFP THMFP
0.3K-0.5K
45
O
36
- =
%27*
T -
: |
T 18 [
97
0 | | iNT=E

0.45um-10k 10k-5k 5k-1k 1k-0.5k 0.5k-0.3k <0.3K
4-7 THMEP
45
O
36
< =
S 27 .
i
< 18
|_
9 l 1 | ]
0 Il

045um-10k  10k-5k 5k-1k 1k-0.5k 0.5k-0.3k <0.3K

4-8 THMFP

THMFP
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<0.3K 2.5-35
UV ,5/DOC DOC (  Fig.49
Fig.4-10) UV ,5/DOC
UV ,5/DOC 0.454 m-10K (0.030)
DOC (57.8u g/mg)
UVos4
Sudhaet al., (1995) UV ,5/DOC AMW
THMFP/DOC 10K~5K UV ,5/DOC
UV 5/DOC(0.013) THMFP/IDOC (88.7u g/mg)
THMFP
THMFP/DOC  UV/DOC
THMFP

THMFP

70

60 _| O
o))
éso - | .
8 4 [
[a)
E 30 —
% 20 — _l
'_

0 ‘ 0 I

0.45um-10k 10k-5k 5k-1k 1k-0.5k 0.5k-0.3k <0.3K

4-9

THMFP/ DOC
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100
90 —— O
o 80 ——
% 70 =
3 60
é 50 ]
£ 40 — ]
230 |— —
"2 ([mm - E
10 [ —|— —l—
O L L _|
0.45um-10Kk 10k-5Kk 5k-1k 1k-0.5k 0.5k-0.3k <0.3K
410 THMFP/ DOC
THMFP/IDOC  UV,/DOC
THMFP/IDOC  UV24/DOC
( 4-11) 1K
7% THMFP 62%
THMFP THMFP
cutoff MWCO 300 THMFP
91 % 1,000
100
90 /./H
80 ‘
70 °
g o0 »~ /./4
50
o ./ /./
30 —/‘
20 o
10
0
0.45um <10K <5K <1K <0.5K <0.3K
411 THMFP Mol eculodf Weight

Cut
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100

90 & —
80

—_ ——
S 70
60 —@— //é/‘
o 50 /
£ 30
20 ‘/
10
0
0.45um <10K <5K <1K <0.5K <0.3K
41 2 THMFP Mol eculodf Weight Cut
4-11 4-12
THMFP 0.3K (61% 65%)
0.5K
THMFP (87 % 62%) 0.3K

90 % Amy et al., (1987) UF peat-extrated fulvic acids Molecular weight

cut-off 1K THMFP 79 % 0.5K
88 % THMFP

4-4 AOXFP

AOXFP ( 4-13  4-14) 0.45u m-10K  10K-5K

( 26% 32 %) 58
<0.3K THMFP
THMFP
AOXFP
AOXFP THMFP AOXFP
5,000 56%
5,00 25% AOXFP

AOXFP AOXFP
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THMFP

AOXFP %

THMFP

35.0
30.0

250 — ]
20.0 —
150
10.0

50 —

0.0

35.0
30.0

25.0

Al
)

0,

20.0

150

AOXFP (%

10.0

5.0
0.0

0.45um-10k

41 3

10k-5k

5k-1k

1k-0.5k

0.5k-0.3k

AOXFP

<0.3K

0.45um-10k

41 4

AOXFP

10k-5k

<0.3K

5k-1k

12-15%

1k-0.5k

(30%

0.5k-0.3k

AOXFP

40%)

THMFP

<0.3K

AOXFP
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AOXFP THMFP
250
O
200 =
3
8 150
g
o
™ 100 |
)
<
50 [
) N
0.45um-10k 10k-5k 5k-1k 1k-0.5k 0.5k-0.3k <0.3K
415 AOXFP/ DOC
700
600 [}
§ 500 -
g 400
T
g 300 —
X
i = mi
. | Im [ W |
0.45um-10k 10k-5k 5k-1k 1k-0.5k 0.5k-0.3k <0.3K
416 AOXFP/ DOC
AOXFP/DOC ( 4-15 4-16) >10K 10K-5K
<0.3K AOXFP
AOXFP 5K
0.3K UV 5/DOC
AOXFP/DOC AOXFP/DOC AOXFP
AOXFP/DOC 5K-10K
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UV,54/DOC (1K-5K)
AOXFP/DOC (<40 y g/mg) 5K (>170 p g/mg)
AOXFP/DOC (>5K)
(<0.5K) THMFP/DOC
THMFP(Owen et al., 1995)
AOXFP AOXFP/DOC (>5K)
(<0.5K) UV,54/DOC
AOXFP
90
80 — /‘//‘
70
Q o | / /‘
/‘/ ,Q/
>0 e
& 40
X 30
9: 20 :///‘
10
0
0.45um <10K <5K <1K <0.5K <0.3K
417 AOXFP Mol eculodf Weight
100
0 — _o e
80 / -
s .ol //
9( 40
20
10 0/
O L
0.45um <10K <5K <1K <0.5K <0.3K
4-1 8 AOXFP Mol eculodf Weight

Cut

Cut
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( 4-17 4-18) AOXFP
1K 65 %
4-1 THMFP UF, NF)
Water Source | 0.45um-10K | 10K -5K 5K -1K 1K-0.5K | <0.5K Author
Eastern Reservoir 16 14 35 13 22
, : Douglaset al.,
THMFP (%) | Hardwood’ s Mill 12 14 37 15 22
Reservoir (1995)
Cl,:DOC=3:1, pH=7, incubated 96 hr, 20
CobbleM ou_ntam 5 51 17 15 15
THMEP (o0 Reservoir Amy et al.,
)| peat-fulvic acids 60 15 4 9 12 (1987)
Cl,:DOC=3:1, pH=7, incubated 168 hr, 20
THMFP (%)| Humic acids 25 10 27 16 22
(1997)*
THMFP (%) Fulvic acids 19 18 18 20 15
THMFP (%) Humic acids 30 9 25 23 13 This study*
THMFP (%) | Fulvic acids 20 18 12 13 37 (1999)
The fractions were isolated from Te-Chi reservoir
0.3K 90 %
AOXFP
AOXFP
AOXFP 60%
AOXFP 0.3K AOXFP
THMFP HAAFP  AOXFP
UF/INF DBPFP(%)
Table4-1 Douglas et al., (1995) THMFP
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5K~1K 0.5K THMFP  78%
Amy et al., (1987) HA,FA  <0.5K
87% 62%
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The Study of Applying Ozone and Membrance
Techniquesto Reduce the Disinfection
By-Production in Drink Water

Cheng-Nan Chang  Shu-Ting Liang’
Fan-Fung Zing’ Guor-Cheng Fang™

Abstract

This study took sample from Te-Chi Reservoir and Applied XAD-8 resin to extract humic and fulvic
acid from it. The ozone and membrance were used to used to reduce the Disinfection By-Production (DBPs)
during the disinfection of both humic and fulvic acids. The membrance also be adaped as molecular cut-off
tools of extracted samples. Various molecular weight pre-classified sample were used to deal the reduction
of DBPsin chlorination process.

For humic acid: its major dissolved organic carbon (DOC) located at molecular weight range between
0.5k to 5k dalton. While the trihalomethane formation potential (THMFP) occurred mostly a the
molecular weight range greater than 10k and between 0.5k-5k dalton. This revealed the DBPs formation in
humic acids had close relation between both molecular weight distribution and chemical structure.

Keyword: membrance, disinfection by-production, molecular weight cut-off, trihalomethanes,
formation potential
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