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SUKULYA TAB-URAI : APPLICATION OF ULTRAFILTRATION FOR
NATURAL ORGANIC MATTER REMOVAL IN WATER SUPPLY
SYSTEM. THESIS ADVISOR : ASST. PROF. BOONCHAI

WICHITSATHIAN, Ph.D., 130 PP.

ULTRAFILTRATUIN/NATURAL ORGANIC MATTER/

DISSOLVED ORGANIC CARBON/DISINFECTION BY PRODUCTS

One of the major problems of using surface water as source for water supply is
the high content of natural organic matter (NOM). NOM can cause odor can influence
the taste and can increase corrosion and biofilm growth in distribution network. NOM
could be a source for the formation of disinfections by products (DBPs) when water
disinfected by chlorine. The presence of free chlorine content that is used as a
disinfectant in conventional water supply treatment system is found to react with
residual NOM. Thus removal of NOM is important since they act as the precursors to
disinfection by products (DBPs) such as trihalomethanes (THMs) and haloacetic acids
(HAAs) have been recently recognized to be human carcinogens which in turn have
recently received attention in drinking water and water supply regulations.

The Objectives in study are efficiency removal natural organic matter and
operating condition of ultrafiltration membrane in water surface and wastewater
treatment in Suraﬂaree University of Technology. The water surface and wastewater
treatment come to pretreatment with coagulation process and cartridge 100 micron
before fed to ultrafiltration membrane. The influencing of permeate flux on the
ultrafiltration efficiencies were investigated by varying effluent permeate flux of 60,

80, and 100 L/m?.h respectively. After that the optimized permeate to retentate ratios



were evaluated by varying the values of 25:75, 50:50, and 75:25 respectively. It was
found that the optimum conditions resulting the highest removal efficiency of color,
turbidity, NOM, and DOC were at the permeate flux 80 L/m*h and permeate to
retentate ratio 25:75. The color, turbidity, NOM, and DOC removal efficiency for
water surface were about in 67, 64, 27, and 23% respectively. While, the removal
efficiency for effluent SUT’s wastewater treatment plant in terms of color, turbidity,
NOM, and DOC were 32, 57, 17, and 16% respectively. In addition, the value of DOC
effluent was higher than 4 mg/L. These data significance that high DOC level than
more 4 mg/L could be a source for the formation of disinfections by products when

water disinfected (THMs will likely exceed 50 pg/L).
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Academic Year 2011 Advisor’s Signature B Wichkssliumeer
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Total organic Carbon
Dissolve Organic Carbon
Organic Carbon
Inorganic Carbon
Conventional Process

Disinfection by products

Maximum Contaminate Levels

Microfiltration
Ultrafiltration
Nanofiltration

Reverse Osmosis
Molecular weight cut-off
Dead-end velocity

Cross Flow velocity
Permeate

Retentate

Permeate flux
Concentration Polarization
Fouling

Flux

Transmembrane Pressure
Backwash
Polyvinylidene fluoride
Polysulfone
Polyaluminum chloride
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o, ANuAIAYVI v 3 AN
WIS1UNDT 4, o T dmums )
WnArRumMsthtaua? D ABINIg
1hiauan
v o Y
ET ST AL IR ERTRL]
AIOUNTES
a A dA 1
® BOD, yaunsonlslumsdosaats
s 10-30 mg/L <1-10 mg/L
A150UNIY
o s 2
® TOC N13953930US NUATVIUNIHLA
L 1-20 mg/L <1-10 mg/L
luasdunsd
M3 IABYNMAVDITAS
® TSS YOIV IUD 0BT A NN AW UT
% dy a A d
numsduilouvesgauniouay
I ¥ - - <1 to 30 mg/L <1-10NTU
AnuPuIIHaaslszansnwly
il d’l
M3yl
: o _ et
AU M3n39eyn R Iuhiaeazd
A\ 1-30 NTU 0.1-10 NTU
ANNFUNUSNUYT W8 TSS
o A e A g X N
i awa MInsIagaunssniiudunse o lnanesy:
yaunsdnneliinalsn | | ) < 1-2,000/mL
ABGUN THNY Y <1-104/100 mL
415011113
I 1 Ao [
e ulasu Wuurasd1somIsnNNanen1s
o L. 10-30 mg/L <1-30 mg/L
wIyaY TnueIgaunsg
@ I U d'd [
o loavlosa Wuurasd1somIsnNHanens
n a 0.1-30 mg/L <1-20 mg/L

a a 4
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M13199 2.4 AanwinnaeInsinauu lan)se Tewi 1y (Asano, 1998)

'] AN A798619
sznn ATEUIUMIVNTA L, . . ey
RTGEEA TRV RESTRITS msihhlsegnald

A

FUFUIO

o uvawuhi N3ZUIUMIIUA BOD,: <10 mg/L; Turbidity: IHiemsvarsenu

lhig'nmuﬂu %uﬁﬁm R ERN < 2 NTU; Fecal coliform: No Y AIUAIFITUL
(Unrestricted) Lmzmﬂhléaiiﬂ detect/100 mL; Cl, residual: 1 ms1lue1a1s 195U
mg/L; pH 6to 9 “Li’ﬁ?ﬂiﬂiﬂ
Yuitedlearusadisty
o unanhii nszUIUMs1ia | BOD,: < 30 mg/L; TSS: <30 ISiensvarszmu
NAIVAN %uﬁﬁamaz mg/L; Fecal coliform: < auunea
(Restricted Access | N7 %J'H%BI‘E fl 200/100 mL; Cl, residual: 1 ﬁ@dm T
Irrigation) mg/L; pH6t09
msralsznu
Lﬁ'ﬁllﬂﬂ@liﬂiill
® %9113 NsZUIUMITIUA BOD,: < 10 mg/L; Turbidity: Ivesnthiiama
Vufiaed M13n504 <2 NTU; Fecal coliform: No NUMSINHAT
WazM5IFRTsA | detect/100 mL; Cl, residual: 1
mg/L; pH61t09
o diyililddy | nszuaumminia | BOD,: <30 mg/L; TSS: <30 $iitesorhiswans
DIMITUAS Y ﬂ%uﬁaamazmim mg/L; Fecal coliform: < NTNYAT !,"ﬁuﬁ"]jﬁ
oIS o lsn 200/100 mL; C, residual: 1 uemsdad nah
NILUIUNST mg/L;pH6t0 9 msmnziaesda i

Wan




M13199 2.4 AUNIN

Y

° d‘ o [ o [] 1
ndeamsrinauulalss Teani 111 (Asano, 1998) (910)

12

Y 1
L. AN AI0819
szinn NIEVIUMSIINTIA 1, . . s
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WOMIWNHDY
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2 Ay o @ 24 - o
° gmaquq‘v]'lugﬂ NITUIVAVUNT BN BODS:SIOmg/L;Turbldlty: M3 1o dunuInig

AM5NT04 LATNITNI

1 . 3
IPU HIENYUT LAz

AIUAN <2 NTU; Fecal coliform: No
2
(Unrestricted) 1wolsn detect/100 mL; CI, residual: 1 lunziaey
mg/L; pH 6 to 9
v 2 A o o & A ¥ v Y Adquu
® Lyanngn mithadunaes | BOD, < 30 mg/L; TSS: <30 W1vnuvasiinlyan
AL wazmMsn Y 15A - | mg/L; Fecal coliform: < 200/ a1 meise azdu o
(Restricted Access 100 mL; Cl, residual: 1 mg/L; lilenanssu
Irrigation) pH 6109 Funuims
" oA o w < L. ) ¢ H
MITUET n3219UN151117A | BOD: < 10 mg/L; Turbidity: 3 1¥d5e Tegsrinniin
A 4 o A ¥ 4
Funadou JUNFDL  N5nN509 | <2 NTU: Fecal coliform: No oo ad iU
v A '
(Environmental HaznIsEyelsn detect/100 mL; Cl, residual: 1 ﬂqmun‘ﬁﬂu
4 X A a
Enhancement) mg/L; pH 6109 INUNUNTT TS
FAVINAN
¥
M3 Inaveai
a % qua . 1 a % 1 19 ya
maaninlaau - Site-specific maauhaeglaan
(Groundwater MINIVAUITLAY
3 g ¥
Recharge) duau i
a %’ d’ Y @
msaniunedeanu
MINTAAIVDIAU
mgl4 1 nszuIuMstinia | BOD,: <30 mg/L; TSS: <30 1 uszuunaodu
v
ATINNTTV JunaaLaz mg/L; Fecal coliform: <200/ ﬂjgu’]uﬂ’]jﬂﬁlﬂgﬁ}u
] ¥ Y
(Industrial Reuse) M uFelsn 100 mL To11 ¥is e l4ily
Y
mdehanuazea
dmsurhanlelu - #oamsanuiasasny 1l lumskan
A 24 o o 24 ¥
MIHAAUIAN RS TRIREHY ulseih

(Potable Reuse)
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Uszmalneludegiudiimsdszgnd ldnszurunmsivonseshivimin aruuimilu
a @ @ 4 a ¥ ¥ y
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a Qddy [ dy Y = v A o Y A 1
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18990394 (Pressure  Fluid) IﬂEJ!,fJf]ﬂﬁ’é]\1ﬂ$3Jﬂﬂ!ﬁ'ﬂJ‘U@]GlufﬂﬁLa@ﬂWWusUfJ\iﬁ']iﬁuxnl'lﬂﬂ'ﬂﬂﬂ
& . . A add a a A o ' 1 g
131U (Semi-permeable/Perm Selective) UDNTDINTNNNAAINT1TDUNTEY Tﬂﬂmuimyzﬂu
a 4 a o 1 [~ a 4 ] I
Twawoesuazarsotunidreaiulvapiwesiiin nszuaumaidonsosntainilu 4
o o v o <3
NITUIUNIT Iﬂﬂf’]T?fﬂﬁﬁﬂﬂ"l'illﬂﬂﬁ}?ﬂllﬁﬂmﬂﬂu (Drive Pressure) GluﬂTiLLEJﬂIﬂJlﬁf]‘ﬁGUU"IﬂLﬁﬂ
Tsudevinalng Sosamday as (1) oo TuFaruNay (Reverse Osmosis) (2) W1 TuHamsau
(Nanofiltration) (3) pans1ams¥u (Ultrafiltration) (4 (4) TuTasHawmsau (Microfiltration)

(Cheremisnodd, 1995)
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A13199 2.5 MIfSeumnenyiiaueudensaauIIY (Ehara, 1998; Korbutowicz, 2008)

YUIAFNTU SATREIRIIVE 3R ANWEINITD
NITUIUNIT . o
(nm) Tuiana (Da) (Unit x 100 kPa) Tunisman
S A
LUANLIY
- . Suction Pressure > 0.6 v
“laﬂmﬂamwu 50-5,000 > 300,000 NDANDYA
Press Pressure < 2 .
115 Taa
S A
LUANLIY
. - . Suction Pressure > 0.6 hl?l%/ﬁ
oaas AR BTU 5-100 1,000-300,000 4 "
Press Pressure < 3 A1INaTYUN
YUIA 10-500 kDa
AERIEGATRTS
wludlawsyu ~1 100-1,000 Press Pressure 2-15 200-300 Da
=
1nav1)szquIndes
A o o ¥
ood IuFanunNaY <1 10-100 Press Pressure >15 “laaauaxmﬂm

a o I { 4 { ]
luTnsWawmsdu (Microfiltration: MF) i unszuaumsn lfidonsosniunugwgu

1 [l o o ] 1 <
ﬂauﬂiﬁﬂﬁmmmﬂ 50-1000 nm ﬁWﬁﬁU!LﬂﬂIﬂJlaf}aiﬂiy ) YU AITLVIUDDY W%@ﬂiélﬂ"lﬂlaﬂ 9

90NINVOUNAT UTITUAUNTF0gT21 319 100-500 kPa 50 1-5 atm lddrmiumsmiin

A & ' ¥ =) A A Aq Yo o
ﬁ"IﬁLLGU'J‘L!aﬂﬂmlﬂuﬁuﬁﬁ]ﬂ'ﬂﬂﬂumﬂﬂu’] LLTJﬂT]LﬁEJVI?Ulﬂ G]fuﬂﬂl@ﬂ!ﬂﬂﬂiﬂﬁ‘ﬂi%ﬂuiﬂﬂ‘ﬂjqﬂ

1 I ) [
1% Cellulose acetate Polysulfone 148 Polystyrene 11udYW M3 lFaummzdmsulylums

3 2 {4 e o A
1111114 gaemnIsmAIedy nazma lulad¥iinne1as A unssuIumMsnniie

HONIFASIINHAAD N

@ a o . I Aq ¥ A
90031 an 35 (Ultrafiltration: UF) 1unszuiumsilsgensesvinagngy

< . = . v o A 9y 1
YUIALAN (Micro Porous) YUIAIWIUUIENI 2-20 nm (20200 A) HIIVVAUN 1FDEITLHI

o @ J @ ¥
100-800 kPa %30 1-8 atm l¥dmsuuenoyninneaasss wuaiiise 1a3a oonvintiuaz

asdszneudunidid lwanalva iy Tusau yfiaveutonsositldnulasialy 1yu
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I o o
Cellulose acetate Polyacrylonitrile {81 Polyester Fudu msldaummnzdmsumsuenvse
A Yy 9 = o o J o o 3 2 0o ¥ Y a £ 0o ¥ Y
mnanuauTuIUsau mimhidaneaasea msthiaiing sinhldusgns msviniwaldlile
I
Hudu
A o I . 4
uTuilams$u (Nanofiltration: NF) flunszurumasnldfigonsosvmnagnyu
= Y o a o 1Y) A A 1 1Y) I v W

2-5 mm  FpalReenveed INsaRunauNIn Aolnan1vvoInNuaussiuaulums

{ H p 1 o % ] ' H
LLEJﬂGI’JQﬂﬁSﬁ”IEJ‘ﬁﬁHTWHﬂIMﬁQtWHﬂTI 1,000 @1%@]% 29NIINTITALAYAIDY LFU UIAQ

- P4

a J o o :: o A Y Y| 1 1 A
arspunsdiminluanad Tasanuauinlylumsilouaisazals 8gsena19 1-2 MPa %30
a a a J a
10-20  atm HANNE N5 IUMTUINDBOUV B UA LAZTITOUNTIAINTITINYIA (Natural
Organic Matter: NOM) Fiiavoutonsoanl¥nulaena Ty Polymer Organic Compounds

. . . <3| 9 A a Y 1 I
Atomatic Polymide 11a% Polyvinyl Alcohol tiluau 1gonsosu Tudamsvuaiuumilu

A a = Y 3’; a Aa 9 1 1 3’; v Aa ] 1
Lﬂ@ﬂiﬁ]ﬂ!ﬂ)’\iﬂizﬂﬂﬁ “N‘]Ji%ﬂ@‘Uﬂ’JEJGIT‘LJN’)THJT?’WS\‘]ﬁ'ﬁNLLuu@g‘U‘u%ui’f]\ﬁ‘Ui/]iJiWiual’ﬂﬂluﬂ’J'l

U q

v o = A 1 o 1 d‘ ] a o 2 A
anueusalumsnniunaellszy@es (¥u NaCl)  dindndeuruead luFanunay Ao
DYILHIIN 40-80%

9

008 IUFANUNAY (Reverse Osmosis: RO) NTZUIUMIHITENI Hyper Filtration

< 1 @ 1 y T < v v 4 a
Lﬂumiuﬁlﬂ’dﬁazmﬂ@&mammam@u%ﬁ%NLﬁ@LLWHLﬂuLL’N"UUﬂu Lﬁ@ﬂiﬂi@ﬂﬁiu%’ﬁ

(%

v W < 1 3 3 Y
il Uflﬂ'ﬂllﬁnﬂiﬂ1Uﬂ1§ﬂﬂﬂuINLﬁfJﬂﬂlu1ﬂlﬁﬂ LY Lﬂﬁ@ HIATA (umuﬂimaqa < 500

ﬁe

A A

J o ' ¥ 3 Y I A 1oAa Y '
asan netvalsee 0.1-1 nm) uaven i ld wazithugeunund Tasadauiy
Wio Lifigwgu nMsABenAtYeda IR INAMNAINITlUNITazAIoUAZNITUNS
(Solution-diffusion) ludour anwaunldlumstloudisazaioegszning 1-10 MPa 350

A A

{ 4 K J K y a
10-100 atm ﬂﬁ1%}01uﬁﬁ1ﬂﬂﬁlﬂﬂﬂigﬂ’3uﬂﬁﬁ A9 NIILININADIINUINTDY UINSIA Lﬁﬁ)waﬁ

Y
%l A A

Y ' Y ! 4 Y
e mamuanudutuvesiwa 1 mssaaihnlanuuignige aaearumsiniaineg
=S A 1 =
Ulavzielu 1wy gaavnssuyundey lane
A A 1 I A o o Ay A
AuanlinveutensouuuUsUdazssnniluasd Ay Ndoan 1 119 d91n

9 A A v o /9 Y A A Y
dedenigensouuusuliiminzaudumsszgnaldany  msdonsensouuusuln

o @ ¥ a 3 v o o A o Y 9
muzannuguanyuzvetinazannzlumaauszuuiuatedragnazsinlins e

a < 1A a A = v o

maTuTadwusuiulledslilse@niam Fvavesgnyunazanuamnsalumsnnniu
< wAa 4 ' { @ 1 [
WuguauiaveudonsouuNIUTUDE1IUTNNABING 1D 8NAIDE1UFU ATWEINITD 1Y
msnnnunaslduengudnyuzyeudonsouuMUTUF iAo d IUFARUNGY (Reverse
Osmosis: RO) azt Tulanssu (Nanofiltration: NF) gaieruiinou ) veamuusundanud iy

asmstdenuazmsldau  Iagnldvuiavesgwguldvenguansuzvounmusuaiia

TuTnsWamssu (Microfiltration: MF) 4@ @S UUUT U HAd aa I W a ¥ u (Ultrafiltration: UF)
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1 L g 1A
vonuungnguluguean Molecular Weight Cut Off (MWCO) Fuilumnuendanue e
TumsinduaIsauua luanavedasvIAgngy ez MWCO ¥031094n5 0l Uil
' Y
5290319

242 Tugansuusy
A A A a X o o Y,
Tugauuusy (Membrane Module) ABIBONIOINHAAYUINT MY 91
= 1 ' o ' < A oA A g ' 9
NTEUIUMINTBI01NFUT AN w1 ThubonseauuuuHuEsuvsetluuuue Tunsls
v & A ya & A A v £ A Vet
AvausTInIelsznouiens o i NUNBONTDIAINAINADINT 58071 (Module) 19K
A ' ' @ 1 < A

mMsoonuuy Tuganiiglsne  aunu lasaunsoutiseondu 4w (Scott, 1990) Av (1)
TugauuuuRULazDUNTo1 (Plate and Frame) (2) lu@auiune (Tubular Module) (3) Tuga
uuudulenas (Hollow Fiber Module) #az (4) Tugaununoiiav (Spiral Wound Module)
[ Y o = =R vy A Y A o ] Aa Y
wanlumseenuuudesmiiadims1daufie Aelionsns lnariuge anmsdgaunamih

A ' o o adl A ] a o
wouky nziinsa iuniaeniiolsuasveslugage Tasna luanumuizauveanis

d‘ T Y o d‘
f]@ﬂllﬂﬂiuﬂaﬂiﬁufﬂﬁLLEJﬂﬁ']iJ']ﬁﬂ!LUQvLﬂﬂQ@ﬁNVI 2.6

M3°99 2.6 ANUHIZAVYDI TuQalinazasiia (Scott, 1990)

Tugamnisy rHeveluga
TugaUUULRUIEZIUUNT Y RO PV - UF | ED -
Tuganuudulonad RO PV GP UF - -
Tugauuunesiu RO | PV | GP | UF - -
Tugauuumne RO - - UF - MF

UK : RO: Reverse Osmosis  UF: Ultrafiltration MF: Microfiltration
ED: Electro dialysis ~ GP: Gas Permeation PV: Pervaporation

Y
1. Tugausuudulenade (Hollow Fiber Module) TugastiatiilsznonTidqe
BoINIT UV DT590g 10 Housing  druuenveudulelivuaduniugudnaieg

Tua29 80-200 lunseu wazlinnumuniesndi 20 Tuaseu aAnuaui ldgada 8o v1s arsilou

'
A o v

vzt s unenduriwdn liareludule deiiddydnedianiisvesvesTuganyuy

]
v A

{ g 4 (% a < o
idulenans Ae enshilowdn lihiuansezazern iedlosnumsimamsgaduiduaunarild
a . 1 1 A 4 { ] o v Y o
10 Fouling A1 l#1elumsiuyidomusuge uazansiilou rumsihtdadudu) suiu

Y o A ' Al A4 v ' = 2, 3. & 9
PLADNNINITANASNDUUDUNADUINDU NWHV]!?JE]LLWU@@WU'JEIQQQQ 30,000 m /m L‘]Ju@u
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2. Tugauuunesau (Spiral Wound Module) 152 N0 URISUUIUTULDLLFL
9 v 9 A d 1 = ] 3’/ Y A ] 1 ] o
Negounuiueuunuiluvameiien uHuNuveImstlouNogisn UMD UIZIN
Y A g v o 9y ' 9 = = 3 A
wihndludhuaanuniavesesaslon Fzlinnuyun 1.0 mm nazanwGIN lva
ad A @ 2 3 ] 2 A 5]
I Cross Flow Hnuiigoiuiasnaly 300-1,000 m”/m’ urnmmiis uaoauns onatesu
Y = o v A a é’ . A 9| 9
AplANUIMINZAUIAZ AUIT0TOTUANNAUNINATIUA 0T Housing NEMsilouarsidn
E4
molunazeenliiismumn (Retentate) 90011 la
1 = 1 d'd g’/
3. Tugauuune  (Tubular  Module) d¢ian)sznovyoIneNNFUV0
A y ' ' Ay 9 ) v Y & A
[BONITOUNNILTUNVBYTOUND d13Nilowdiazidiniea i luudiFaiiueonuniugense
1 ?}JJ 4 1 4 1 [} 1
NI HODNGA TUHONUDITUEHONTOUNMILTU VLIATUR TUAUINANUDINDDYTZHIN 1224 m
T @ . & Y ' @ 79 9
92133908 1UAIVITY (Housing) H91J5gnouaIemuiusunals 9 ne wanns lumsdssana la
4 1 { g 1o & <3| { o w '
wonsounmusunuune Aod1sntoud hiliulisuiudeuilumsimiumsthiauinou
A o A Y o Y
1o InnsiinIuazeIaitensesdinIsnldnalnlunisiianivazeinla
) 1 4 g’.} o g v 1
M3 Iauuy Cross Flow 12 1azgnihanldny Tugaunune auiulumsvininduin sl
2 & Aa < o Y a [ = ' J
(Permeate) 30T/ UN oY AT IGI) D2 1MIAAANIUAUGYITE (Pressure Loss) HINNIT 4 115
1 Y ddy ~ [ 9 U 2 3 =R o 9 v 1 9
TugauuuneiIUN NN UABU51AT T8N 1 100 m/m’ F33a11iesn 1 TuguUDNNI
a '0 1A a g o I
pagdianuaniolumsndadiogn 100 m/dm’  Tugasiiail lagnimnilszygnalelu

ATZVIUMIOANT AT U (Ultrafiltration) t1ae 11 Tasdams 1 (Microfiltration) e 14

ﬁauﬁlmjﬁwmﬂﬁ”a@eﬁuﬁ%sfuﬁii’ﬁ@%ﬁﬂﬁﬁﬂmga

4. TuQauUUULHULAZHDUNTOY (Plate and Frame) Hanmaziuuniuin
Usznui uiinerSuasia ) 100400 m’m' uaz ldgmimnilszgnd 1 lugaaimnisu fo
1Hlunszuumssanlamssu funszuiumssianlag laes lada denadiavessaiusy
#19unszurumsuenTasnseenuuuaeuiIIzuAnA R ULAzANYA T 0 lUT oD
UANANAY

5. Tugauuuidu (Capillary Module) aziianyuzadisTuganuuidulonads
(Hollow Fiber Module) tazidurugudnaraluani TasauIngjaziimnlsnunszuiums
UF titosnnlgussdudisaniuaziamdul) 18 umssnsanusuussonmameludule
v 2

A 9 P A v YA Y ] .
ﬂ\iuuﬁ'li‘V]“]J'E]L!!,"ll'lulllfﬂgﬁﬂNﬁ@]ﬁ]ﬂfulﬂ@ﬂiﬂﬂ !Lﬁ')“]f’)ﬁliﬂﬁ"lil'liﬂﬂ?ﬂﬂh Concentration

. . Y 1 J Aq ¥ A Ao a
Polarization GIJ‘LlW]L’GTL!WTLlf.fuElﬂa1&%1%ﬂ56ﬂ1ﬂ@ﬁﬂfuﬂuuﬂlu1ﬂ 0.8-1.0 m LAZUANINY

=

= dy 1 ° 1 v A EY 1 [
“]J5$3J'IEN 1.0 m !LagmwuﬂﬂiﬂﬂﬁﬂlﬁimW]i@ﬂﬂ')'lﬂi$ﬂ')ﬂﬂ'l§ RO uazmmuﬂ%ﬂumimmu

d' =] s 9 d‘ Y [ a & 1 [ =Y
wonseuNNusUeghn 2-3 113 tdulen g lunszurunmssansilamssy daulngnanain

WOAINDS 19U Polysulfone Polyacrylonitrile 1ta% Chlorinated Polyolefin Tumsoanuuuidule
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nadauuMaaisvesnszuiumsoans llamsdu Janvuzadrenumseonuuudulelu

NIZUIUMI00T INFd AUNGU (Reverse Osmosis) 1t lumsuenoynianiivuialnainii
{ < o a a . ' < a a °

50 lTuasou dluaumgiIdinav1as (Fouling) ae19l5aa1n msmanndeamisohaiy

vy A A ' Yy 9
ﬁgi’)”lﬂllﬂﬂ’wﬂﬁS‘U’J‘L!ﬂ”li‘VlNﬂTfJﬂWWVILifJﬂ’J"IﬂTiﬁNEJ’Ou

A13197 2.7 gauantinveudonsounusulgazsiia (Saun 35zSauuum, 2543)

Taanoames
AUAY 19 Polyvinylidene Celulose Polysulfone Aromatic Poly
fluoride (PVDF) Acetate (PSU) Polyamide acrylonitile
MWCO (kDa) 100 1-50 3-60 1-50 30-10
pH 1-12 3.5-7.0 0-14 2-12 2-12
gl (°0) 80 35 100 80 50
ANUNUNIY \ .
L unan ) ) ABY hunan
LGGRE
ANUNUNIY »
, g9 ABgY nans 1hunan hunang
aoE15azaY
- WUUND - HUUHY - UUUMEY - WUDUHY - WUDUAY
- uUUNeTIY S une S uUUNe - WUUND - WUUND
JUuuyves ., o ) y
- wudule - wuunesny | - voudaules | - vowdaule
WY )
nag - yudule nag GEN
GEN
4
2.4.3 ITUUMINIDIVIIUEYDINIDIUNNIUIY

a . . I Y 9 a {
5050 VTAA18 (Dead-end  Filtration) 1unistlowarsnlunsanieh
9

G]Qﬂ1ﬂﬁﬂllﬂjuﬂi@\‘]1’iéﬂlﬂﬂlﬂiu

(3

rgnazateh iy suIzgnazauUuEINTIvS
9 Y H

WUTUNHNATIAB T IUYDUNDTION (Permeate) WNUUT 11HADONIINTZVY MITZANVDY

o = Aa I g’/ A Y A o Y Y a A da!

rgnazany Fazinalusunaniodn i ldanudiumums lvaveuneliemnuay

& Y o a ' 3 o v S o

Faeana 1Mons 1y lnaveuneiiienanated i wazervin ldanuannsalumsinunn
v Y

afasunlasmansewuuiinldluszdaumanaass dmsumsnsosun 1vavina (Cross
. . dy 9 a A v ] Y

Flow Filtration) m3nseaunuiliaisileuss nalufigiuuunuurunses asdleuszgnuen

I~ 1 H 1 a $ {8
pondlu 2 wla 1dun (1) mansduusy Ao molion (Permeate) tag (2) o lurmummsy
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ﬁa‘%mumﬂ (Retentate) miﬂi@muu"lwamn%mmmaﬂmsqﬂﬁ’u Lﬁ@ﬂ%Wﬂﬁjﬁi"lﬂ"lﬁllﬁﬁ
< A A Y A o q ¥ = 1 0 Y
L‘].]‘L!LL‘]J‘Ull‘l/iaLﬂ’f)uN?Wu']LfJ’E)ﬂSﬂ\illﬁ%“l/lﬂ‘l’if]“léﬂ?ﬂ“l/llﬂW&’f)g‘]JNﬁ’JuﬁﬁJﬁﬂﬁﬁjﬂﬂ@ﬂull]ulﬂ

(Smith et al., 2006)

@ .
© o @© o ° Thickened

Pyt : — 1 Suspension

(Retentate)
Filtrate/Permeate

Filtrate

(m M3 l1auul Dead-end @) M3 lvauu Cross Flow

1 2.1 giinms lnavesens o
244 dszonvesrngg

M3ARLYDILERNS B UNIILI UITNRAR VBN B UNMLTUAT F Ny UL
dansamssunaz lulasiamssuy Tﬂﬂeﬁuagjﬁwﬁmmmaﬁ%umﬁﬁ (Schafer, 2001) ¥4
amnsonia’la 4 dszian Ao

1. Organic  Fouling %u@éﬁuqmé’ﬂymmmmi@uﬁ%ﬁ INNUITHVD
DiGiano et al. (1994) wu 1 Tuanafifvinalvajndt 30 Alamsau whlfifanseaduvesn
Tuflawsdu dmsuTuanafifivinalugndt 100 Alaaidu sxshldiiamseaduvesylas
HamsFudnaldanidndanas arsdundssssumnasufuesondniivhldifanseadui
AannmIazauinimiasresnaveutioniog (Amy and Cho, 1999) Tagasauvisdaulva
ﬁﬁﬂﬁlﬁﬂmiqﬂﬁuﬁwﬁﬂmﬂmﬁ@mﬁfT 1)52n0w 1188 Proteins Amino Sugars Polysaccharides
118 Polyhydroxyaromatics (Wiesner et al., 1992)

2. Inorganic Fouling miq@éfuﬁgﬁﬂmﬂmiaﬁuﬁﬁLﬁﬂmﬂmiﬁzﬁmm

a A daa A ' o ya v X
AITOUUNTINHNAYDNTOIUNNIUTU 1BU ﬁTiﬂﬁgﬂﬂUIaﬂguagﬂ'ﬂ’ﬁW'JWH'I"U'ENL?JZJL‘U?HWU'I"UH

W3ar9INn1elugnguanas aznougndInulemsalilanududunugadudd
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dmiumsgaduiludsdwydmiunszuumsoea lugarunautazin Tuiawssu Falsznn
a a Jd 1 g’/ 9 g’/ A Y 9 a A Aa ' 3’/ 9
YOITNTBUUNTINA N UIT AT NFUNUANUANIUUUANTONTOINETIN NI AL TUVOIFUIAN
Y Y
dmsuluTasamssunazdani Wlaws T unIgaauILogR UM T AL ANURIFUIANUATINITD
" Y A aaa U a o A [ 1 = da A
Ag0g 1A1T999101[N58152 1719000 ULAZMTRAAUDN 9 VOITE9 (1T THAIWBTOUNIO)
v 1
Tagwuszmunll nszurumsthiavuaudiisumsnsesiiudensos 1dun Tauengadu
a v A 14 a 4
uazeoNHMTL 019MuasUszneusen legves lanzuuidimivesdonsowsogngunely
o o o &R o q ¥ vy = A Add oqYUa @
migaduiludymdnydeaunsori ldazein lademanil asetiunsdnvildinamsgadu
Y = . A A . 4 @
laun uaai@en (Caleium) uunidoy (Magnesium) A13UDUIUA (Carbonate) Fate (Sulfate)
I I
wazman (fron) 15y
. . : a4 = Aa =
3. Colloid/Particle Fouling IUVIHWNWEJQ\‘]E]L;I]MTIWUHMI nm N1 pm
[ 1 9 a A J Jd a S
(Potts et al., 1981) Tagayninaina1oalsznon lidreaslsznoudunsd aoanoosn otlunsd
SN Y o ] 1 ~ A a ~ J a @ [l [ 4 1 <3
18 dmFumvTIe uUaATiG e Laza o UNEe5TINTIAYNIAeY luNguUDINDAa0Ys 0819 l5Naw
v A [ A A A v a ~ A I 9 ]
JINANVUANANDINOYMANTANNIRDY 1B TnauazALKLe) 1D UNITHENIDLANY
@ 1 4 o = a 4
YDIN1TQARUTLHINOYNIANAZABAADIAAINITOO NDIANHULNNFININUDIFAITOUNI AW
535093 Tunaiensdlouniauazanaanss i lainamsgaduseiauiasauiiesninmsanad
Y0387 31M 73 Inadelianaunnms azauunAuiveudeniod lasauuna1150a1g
Y Yy Yy 9 o Y 9 N ~ VA )
doulaarensaredounnzangdie91md Hesuniinansainis luAuan mANA 18010 1A
P <3 T 1 4 o g}J 4
LALADAADIANNUUIAANNIIFOIINVBNUTBNTOI AINUOYNIALALADAADIAAINITOIT AL
a 1 A [ A o Yy v 3
anoglugonsoaz lideivzihanuazein laargnaai

=

. . (J 2 a <3 [ a J
4. Microbial Fouling ﬂ1§@‘ﬂﬂuﬂ1ﬂﬁ\1ﬁ%'}ﬁ‘uu1ﬂlaﬂ N1IPAAUVRIYAUNTY

Aana < v @

I v v 2 a 4 4 @
Wuwananmssaudrnuaesdadidiamn q vurmiveutensed enuaiizedudany
A 2 ' Y a A . =2 Ao 9
BONTOIUIUIUIZND 1INA EPS 150 Extracellular Polymetric Substance HINANHUSUU
I A o 9 1 4 [l
WuTnaumilouna anyuzaed EPS Usznoudongums 1ulamsatazanumuniuveslszy
o o ] Y [ 4 aA A 9o’ = 1 ~
FIANYULV0UINL 0T 03N UITAAVD I VANIT BIINUIANOUVDINALATIAL 15U AADITU
U d‘d \J % d‘
245 102uNiNanaNIIRAAHYDAELDNITDINIILTY
131AA Concentration Polarization (CP) {NAINMIAzaNY0 luana/oynIn
o Ay v ' A 9 A VO

Youiagnazateh iaunsomugensesla ulsingmssininuegna lulunszurumsnses
TaglHitonsos Aagnazateh luawnsougensesazdzavegainingouny vildaim
Yy 9 a kS 1 o Yo A o ' A 9
Wudunsnaiuganlumsazats hldargnazarenlvmnalvg bisunsoiubonsesla

mstna CP g9z llgmsgaduveatonses vhldaussonmveubouruanas
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a I @ @ o a 4 1
N51AA Fouling 1Tumsazau/gaal vo98Ignaza1enauumIniubonny
% o o J v o . 2 o '
uazmelugwgu ek lddndanas uazmsnniuTuanan)asull Feazaunazgaduaz 1
v Yy ¥ 9 v ad A o A
awsndeenladreindesiinnnuazeiaalsamisialiimuizay nsinan1sgaauil
HONIZNVADNIZUIUNIINTO
a v d I A = & 1
mananans (Flux) WuanuaaadeaussousveanssuIumssa9zeg lugll
YOITITUAULAZANNAIUNIUADNIT I1a vziinanonsuafsvesgnyutazi ldinans
= A 2 A 1 9y 1 FI a
@eamumelugnguveubensed Falinalagasaneaunuuazallsnelumsaussuy
Transmembrane Pressure §115UMIIAUTLUUAEMT 1MUY Cross Flow
"o oA a4 A 2 ~ ' o A4 A X4 a
WUOATING IMar 18N 509 (Flux) MNuazinanonuauiiuau 11e91nnans
Aa Y A A A o a 1 A & A Y [
AzauueIoYMANHINTIIENT09 1I031N 2.2 WorhmaauszuD TusNnil (Fudn) 6n3

1 A A dy 1 < A A g A o I Y
ﬂ’lihlwaw'lluﬂﬂﬂia\‘] (Flux) TINVUVUBYINTIALT ﬂiWﬂﬂlﬂﬂﬂjuﬂzuaﬂ‘lslmzjl,ﬂul,ﬁu@li\‘]

]
= 1

1 { [ 1 4 I~{ [ [
lugr9neeaoniims Inarusensouiunvuen IwuuFeavaz lus19naunuoas1ng
] 4 A d' 1 [ ) [ 9 :) 1 [} a {
lraronseasunINaInNALEI q 115 UANUTNTUALAZAIANNAUMTIAUTZ DN NOA

% [ 4 o = [ v Jo Y] % - [

9913103 laruEensoaazanuauIziaNuduiusnuludnyazul siuase nanuaulu
A 4 . LA 4y 4 4 g

MIAUTTUVNGI 9 N15AAAIVBIOATINT LHar1gonsousuduszasiuaz lungan

A uauo (Metcalfe and Eddy, 1991)

Permeate Flux Crossflow

Velocity

Pressure

= v o J [ a v J
31U 2.2 AnuduiusIznINANNAUaINNENYAND (Herath, 1984)
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2.4.6 ﬂ]ﬁﬂi?‘ﬂﬁf’)ﬂ!ﬁ@ﬂﬁﬁﬂ!&lu!ﬂﬁu
< a I o A A o q ¥ (v o
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Sifadu vt 100-10,000
APARDHS 100-1,000
hsa 30-300
Tsau/Indusanlsd (MWCO 10,000-1,000,000 A15614) 2-10
@' ls3] (MWCO 10,000-100,000 13 611) 2-5
a131Fauz (MWCO 300-1,000 A1561) 0.6-1.2
A1IOUNIE (MWCO 30-500 A5 61) 0.3-0.8
890U HUNTE (MWCO 10-100 A1) 0.2-0.4
laTasiau 0.289
20N 0.346
Tulasou 0.346
h 0.2

d a A d a
2.5.2 aaﬂﬂsxnammmsaumﬁﬁﬁmm

A a ] Y 3 A
@130 UNII533ud lunrasiinallizdsznovulddrelslas Indauay

ara zg [ [ d‘d ] %‘
lalas¥lan yuegnuvinanazgaanyazvesasilszneuiiiogluiii (Marthaba et al., 2003)

1 A & g a a ' a a a ! {
Taonqulalas Intaguiluaislszneudaiia laun nsagatiauazniangia Fannmsanyii

[ 1 1 %,/ a 1 a 1 I a A A %1
N'lull'l‘W'U311‘”1!%ﬁﬂu'lﬁiill“]ﬂ@]ﬁ1iﬂ@ﬂvlaiﬂiI‘W‘Uﬂiﬂﬂﬂ'ﬂ 50% nJumi’fJummnazmﬂm

% a 1 v J %1
(Dissolve Organic Carbon: DOC) ¥unanmMIdosaatsvesIniivysodad a1 luidilSuna

9y 9 ' ¥ Y A J a A J
ANV UUDI DOC ganI 5 mg/L uﬂmmmmuu%uﬁ Iﬂﬂ@ﬂﬂﬂi%ﬂﬁ]ﬂﬂ]@ﬂﬁﬁﬂu‘ﬂiﬂ

a ] I ' [ {
s3sumAasoutseonun lailu 6 nqu awuaaaluaisied 2.10



29

A J a S Jd a R . .
ATNNN 2.10 mszzﬂamjmmmumﬂﬁismmﬂmmmmm"lﬂ (Swietlik et al., 2005)

Lo wisines
#1081 -
UV, (em) DOC (mg/L)

Humic Acids (HA) 0.231 5.81
Hydrophobic Acids (HOA) 0.162 4.81
Hydrophobic Neutrals (HON) 0.170 5.54
Hydrophilic Acids (HIA) 0.154 4.98
Hydrophilic Bases (HIB) 0.166 5.02
Hydrophilic Neutrals (HIN) 0.114 4.84
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AURELERER AR RAY
LALERRRRRAY

Fulvic Acid

Hydrophilic Acids
39% verep

30%

Hydrocarbons Amino Acids

1% 3%

= s a ado Aa
317 2.4 8301/ N0 DV BUNS N LNl DOC 5 mg/L

{ ) U U 9°' a Q'J \ \ 1 o
Eﬂ"lﬂﬂTiﬁﬂ’]el"lﬁNWL!W‘U’JﬂLlLLWﬁNuWﬂUVI’Jll‘]JGl,u!mﬁ%klﬁﬁﬂﬁﬂ’)ﬁJlLﬂﬂﬂNﬂu

[ [

] ! gol { [V H
YuegnunuanyuzyoRNINAnE awaasluaised 2.11

4 % a o a Av A A 9
A1519% 2.11 ﬂﬂlﬁﬂ‘]elilw"’ll’fNﬁﬁﬂu‘VI%EJ‘ﬁiﬁlIG]ﬂWl)”lﬂ\ﬂu’J BNINeIUD9
. RERFTH v -
UHaIUIAY 3 RENGN
UV, (cm ) | DOC (mg/L)

Aung-Keaw Reservoir, Thailand 0.110-0.274 0.36-1.67
Wattabachai, S., et al. (2004)

Mae-Hia Reservoir, Thailand 0.110-0.206 0.18-0.65

Nakdong River, Korea 0.049 1.93
Jung, C.W., et al. (2008)

Hoedong Reservoir, Korea 0.028 1.79
s nunsumnay yaogns Joyan

Bangkhen WTP, Thailand 0.131 - - e o
Aaylywa uaz gane Jaugdse (2550)
fnAans ouuau uaz ¥1an FAUTITUAND

Samsen Canal, Thailand 0.3-0.6 -
(2552)
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v a ~ J a
2.5.3 ﬂ"li!!‘UQﬂiglﬂ‘ﬂﬂlﬂﬂiﬂiﬂuﬂiﬂﬁiiu‘lﬂﬂ

o w a o A d A o o A wa
Tumsmdaasdunsdsssuana uasdingyisideansiudeguaninves
A ¥ A Aag X a o Y v
msntegluh menenansiiiluilomernuesn lavdagndes
a I v 3 . . .

® oYMALAZDUNITNAara189E 11U (Particulate/Dissolve Organic Carbon
. a A A ? vy A
Separation) TUMsLENOUNIADONINEITOUNIINAzA18T AIWNTDMEN IAAIINTZAILNTOINT]
YPAFHTU 0.45 luason uANINToIRIenTzATENTBINTYLIAg WU 045 luasou luamso

[ A

MiaeymavesaeanausuLAEnfiazawegyiomsduniditoymadinndt 450 1 Tumwas

o nsavlginuaznsndalin (FA/HA Separation) Nsadalnannsnanazneu Ia
fifeviind1 1.0 luvazfinsanlgiadenanioadluii 1dnniiios (Bourboniere and Halderen,
1989) nantlgafiazmsadluinznnIdinnndiniadaiia (Rasyid et al., 1992)

9 Y
®  uauaziWIn lumna (Size/MW Fractional) ¥11aLaz i IMINY801NIA

[ 1

= o Q.I %’ d' ) o v 1 A % a a 1
UANUTAIAYADANHUSUVUDIUINHNIUNITUIUA ﬂﬁr]ﬁf]ﬁNﬁ@]@ﬁuﬂ‘i%ﬁ‘ﬂ‘ﬁﬂWillWﬁ

a

HAZMSAAOUNVBIOYNIA IINMIANHINHIULIND N 50-60% voIrgInvzlivuialugini

10 kDa (Legube et al., 1990) uaziiiinlumnaveilginedszning 650-950 msau aau
miinTuanavesdriinogsyning 2,000-3,000 a5
2 1 g o 3
e anuvouriuay hizeui (Hydrophilic/Hydrophobic Fractionation) 813U
aa o« A ' ¥ ; ' a S J
laTasWaniluaisiazaieaylinin (Cotsaris et al., 1988) WUNAITOUNIIUTZW I 58-74%

I ~ 1 g = ] a A a a I ~ 1 g
Wumsnazawegliniluanz iasngulalasIndnnsonsagrtailuasi luazaini

[ a d a
254 ﬂ]ﬁﬂ‘i?%?ﬂﬁ1i®uﬂ%ﬂﬁ§'ﬁ~l‘ﬂ1ﬂ

v 1 =

@ a o ¥ ) o w
aﬂ‘Hﬂ‘l$Gllf]Qﬁ']if)ucl/ﬁ'Elcluu'lﬁﬂ']'lllffnﬂﬂl@l@ﬂWilafJﬂigﬂﬂﬁJWUﬂﬁgﬂﬂiWUaﬂ

g

' 4 Bo} g}/ 9’0} so’ o .
uvasiuweuininld uenvintidsansog laniniainluana (Molecular Weight) 1az
I 15 a a1 T 2
U529 (Charge) iHudu TumsiamfSinavesanssunsdnazaeegluihminuietioeiiosls
< o 4 Aa Y 2 A A ' . '
viudnumsveuninualumieiiendn Total Organic Carbon (TOC) luwniig

a

a o a o= 2 . . 1o
AANTUADANT HIDATOUNTINALA1811 (Dissolve Organic Carbon: DOC)Iae l1iiusau

22D

'
A JaAA

4 a A Jd A 14 4 vy a
mimummmiﬂszﬂa‘uauumwsa”lugﬂmsmmmmz“l‘umi‘umum UADIFITOUNTYINY
J ] A 1 = [ =) Y =
partszneuvessigluny 7 lumsusigusesiglunquideaiunaesn  laun Wgeosu

= IS =S = l& =} 1 1 3
aaosw Tusiu ToTeAu weamay daiseniingusigie laay (Halogen) 923nlugilves TOX

9
o

' Y I a T a I { =
(Total Organic Halogen) a3 Tungu TOX dinvzlianuiluiivegratesta duihuihnisue

A ~ a a v A a v
NOM TOC #1389 TOX Q’Q 9 ﬁ]$3Jﬂ'ﬂllLﬁENbl‘LlﬂTiLﬂﬂﬁ"li’f)i}‘lWU‘ﬁVlL‘]JUWHllﬂiJ"lﬂ
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[ a S J a 9°l =\ 1 a a [

M13A3293ATBUNITIFITUA IuNkaaelszansamlumsulga

o 2 AyY o o ' = o w1 Aq ¥
Aunmiuazgun i ldnawiunszuaumsiinia wu Ianudiagdomsildly
o I A o Y a Y o 1 %’
nszuIUMs lageniady uaztlulymnhliinamsgadulussuumuusu wazdanuinn

A o Y Ao A ' A o a =

runszuaumsUsulsqanimiill NoM vauwndesgiu dehmsiaunasivaslies

o aaa v a d ' 2 A ' .. . : { |
hignsenunailuaisnenzi390isenn Disinfection by Produce @avzulasugilliilu
= a A a ] [ Y = a 4
lasaTalimu (THMs) Taga150un3d55509a liansada lalagnss Faausodnsigd

a A J aln v ax o A 1as A a 9 a d A
ﬂ’Tiﬂu%iﬂ‘ﬁiillﬁlfW]UlﬂﬁﬂﬁJ’J‘ﬁﬂQ@”IiN‘VI 2.12 uadsnazadnuazenls luns sz Ao

a7

Y [
msialugdvesarsounidnavua (TOC) @130uNIoaza1ell (DOC)  uazMIgATuN

v v v A

4 o u Q { 4 d
AMNEINAU 254 U TUNAT dmSuMTTanaueInay 254 i luuasitludriadstives

[] a

Aa 4 = v o d @ A o ¥ < o ) o J
E‘TTJTI?JE]EJGluuﬁleﬂ’Jmf’f:UWU‘ﬁmﬂmi’mﬁﬁE]“u‘i/liﬂazmﬁluma$Lﬂum’umuﬁ1‘ﬂi‘umiw1ﬂ1

U

a 4 a 1 %I yw % [ J a 3’; .
A5 UNTIFITUIA TULM A1 HONIIRTITANINFUNUTADMTINATITAIAY DBPs &4
1 a 1 1 1 ] %‘ H
neldinadisngulasearTalimu udmua Tdudaulvg lushegliansdsgnouninuien

! (% 1Y a J a & o v J 1
L?]EJ'J"IBIJ’(Nﬂﬂﬂﬂ!ﬁﬂ‘Hm%m@ﬂﬁWﬁ@uvﬁﬂ‘ﬁiﬁN%Wﬁ %Qﬂ?WhﬁNWHﬁﬁgﬁ’ﬂﬂ UV,,, tag DOC ¢

44MziiA DOC g4A8 (Haffman et al., 1985;

=2 3 Y 3 Aa
aunsnvendnan e la Taetnd Uv,, 4

Edzwald and Benschoten 1990; Chow et al., 2004)

A A A a 4 a a a %’
A1519% 2.12 1950930 11N15ATI0IATIEHANTOUNTOFT TUBIA 11N

a 4 A A a d
WU DT inseele lumsunsv
Visible Spectrophotometer
Color
Visual Comparators
Aromaticity (UV absorbance) UV Spectrophotometer

Total Organic Carbon

Dissolved Organic Carbon (DOC) DOC Analysis

Biodegradable Dissolved Organic Carbon (BDOC)

Assimilable Organic Carbon (AOC)

Bacterial Regrowth Potential (BRP)
Bacterial Regrowth

High Performance Size Exclusion Chromatography
Molecular Weight Distribution

(HPSEC)
Hydrophobicity/Hydrophilicity Rapid Fractionation (RF)
Trihalomethane Formation Potential (THMFP) Gas Chromatography (GC)

Gas Chromatography-mass Spectroscopy (GC-MS)

Functional Groups
Infrared Spectroscopy (FTIR)

(Aliphatic, Aromatic, Nitrogen Containing)

Nuclear Magnetic Resonance (NMR)
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o v a ¢ a
2.5.5 ﬂﬁ%ﬂ?ﬂﬂ1§11—!ﬂ1§ﬂ"l‘i]ﬂiﬂi@u‘ﬂ%ﬂﬁiiu‘lﬂﬂ

A o s A o w

o w Aa 4 a A
Tunmismitaa150unsosssnsIa Uiagilszaadiionind nau uas
a A o ’.f < A A 9 o w a A J a 9 1
M39UNTgena 1N Taenszuiunsni q 1u Atenldmsidaansounidsssumna laun
[ 1 [ " 4 a % &Y
mi@,muﬁl’wmuﬂm U$ (Activated Carbon) W Iulawsau (Nanofiltration) uazmﬂmmngmw
% v W o A § I
(Coagulation) #4luilaniiudaldiiismsmsuann/asulooou (lon Exchange Resin) uuilu
an a a A a 1 ~ 1 9 ] dy 9 =
IFn15anlSHIua1To UNTIFTTUWIAAINOUNILHIUITITLVUNL¥D I5ARI8AADT U
A 9 o v 9 N G4 . .
(Morran et al., 1996) nieldnszuIumsmIadlenszuIums lulasiamssu (Microfiltration)
9
3000031 MamFu (Ultrafiltration) UNUMITHUFOAIETIAI]
. YR o w a ~ J a 1 < o
Qin et al. (2006) l@AAYIMIATANTOUNTITITNMAINE 1NV w5 Eme
a 14 o 1
denTdSarenszuaums Tavongasu Tagdenldmsdy (Alum) lumsasaznou wu
A " v o w a S a
Psmnaanududuvesa1sdu 5 mg/L 7l pH NN S.2 a11150/M9aa150un3os3suanalugll
o w 1 { T @ o w a 4
499 DOC 18 45% uazmianuyula 97% luvaiz pH 1y 7.2 @1WN50MIAaITOUNT D
a ) @ A o
s35umaluglves DoC 18 35% d My Leiknes ot al. (2004) laszgndldnszuiuns
a % v @ % a %’ A A o w a S
luTasHamssusaununszuiunms latenpiatu lumsnaaiiiauion1sad15ounss
53TNIA WuNEWIT0aannuyuliivaedegndl 02 NTU midadlduinnii 95% fda
o w a 4 a 4
UV, 1485% uaz MinandsounsesssuenalugllvesToc Iaiszunm 65-75% iield
Aa o P ) 4 ] 1 4
Twdogiiiunae lsananuaudy 5 mg duds Tauenguauyinazdansims lnar e
ATOUNNIUTU NN 180 ANTADTI 119
‘3 . . . Y o =< o w a a7 Aa
WONIINY Siddiqui et al. (1997) JAMIMIANEINIAIVAAITOUNTITITUHA
y =) 1
#1870 T 1131Au1n 4 11Mae A9 (1) Silver Lake (SLW) (2) Barker Lake (BLW) (3) Boulder
. . v =) d’d ] ]
Reservoir (BRW) 11ag (4) Colorado River (CRW) Tuilszimaansgomsnini DOC aglunia
2.8-7.0 ¥ININTOIHIUEONTOI 0.45 lUATOU WL DOC anad 40-50% luvsieh Aldehyde
o o g}l v 1 o w a J
Anad 90-100% taz nsanlalmuanad 40-60% MNAIAY DNNITINVINNTMIAATOUNTE
a $ I Y {
sssumamensuanilasu losou Tasld Cyclodextrin polyurethanes iudananulasuilszy
= a Aa o w a A o aa ¥ Y
Hlszansanlumsmsaansounidsssumanaza1sninla 6-33% (Nkambule et al., 2009)
A 9 A 1 [ o w a A J a
waziileldnszurumsuanalasu lessusauiu o Tau aLau150nsAaTOUN 653 TUHA

~ 3y '
‘Vla%ﬁ“lu’lllﬂiﬂﬂﬂ'ﬂ 88%
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v
o o

a N d X d‘ ]
256  A150UNITBIINWIAIMINAFRIUMSINTA
o w a A J a ?,’ =~ s A o w 9}d' a
MsmIamsounsdsssunaluhigalszasdivotdananaos lanmaan
A 9 = .. . a A A Y = Y
M3 1Yo 15ARIeARE3 U (Disinfection by Product ) aga1sounioNgosaalsla aeluilagiiu
~ 2 oy A : :
nszuIumMInantlszil1Taena 1UNiFenI1 Conventional  Process #3135z nou ldae
4 Y
n3zUIUMS Ianengadu Wasangadu nsanazneunaznssinde lsaalonaesutiul
o w a J ¥ 2 ' v o A A
aunsamsaasdunidazaisitesniniii ldediuiisans lunmendusuensanuilam
Y v 901 d' a 9 o 1 1 a =~ Y o ?,’ d‘ 1
Tnviulszihianaa e sndred1au Junszuiumsmunass u P UENEIUNTLUIUMS
o o d‘d Aa A o w a A Q:: o 9y a S J a
AN NYsE@n5n 1N lumsmMIaaIsouNTIFIINIAA 92 1R UINEIToUNITIFITUIA
] % =~ 2’, YR~ o ~ o a A A a
vawravedluinnn snnsduilutdymdirgnvhldinaduaznau (Uyak et al., 2008) Winiau
1A A A ' ¥ . . o
AaosuTaemildualSiunass un@ednsMana190g 1111 (Chlorine Residual) 91971114
a ' = . 2 A '
INAT1IDPBs LY U ﬁﬁ"lmaﬂam‘ﬂu (Trihalomethanes: THMs) G]f\ilﬂuﬂ’ﬁ‘lflflqsluﬂiju
' < A L. a A< a g Aa o
a15noNzi3aludIAYy  (Jimiez et al, 1993) @150uUNIo55INAUaITATASUIULAY
I 4 ] 1 4 gﬁ
lalasnuilussdlsznoundn Sennansisgnou lalasasueu Tasa1saidu (Disinfection
9 IS ! a A
by products: DBPs) 15znaudie Tasen Tadimil (Trihalomethanes) tazanslsznounass udu o
H [ g a ?:‘ 4 :9;}/ a o Aana [ 1
(Tan and Amy, 1991) @159 1Faiu¥elumsnaamiauin masnmslfasernusznag
= o a S J ad A a & .. .
ABOITUNUAITOUNTOTITUMANIININEsUsenavel larouinallu Disinfection by Products
(DBPs) TaoasaeadInan. laln (1) Trihalomethanes (THMSs) uag (2) Haloacetic Acids
1 [ o . o ] ?,‘ H
(HAAs) 92@9HaNTZNUAD UMDY Falumsmruaanasgiuveainlszih vien
9 v
iFonM mﬁzﬁ’ummﬂmﬂauqaqﬂﬁﬂamﬂﬁ’ (Maximum Contaminate Levels: MCLs) UDI@13

4 2 . g4 o o
Puidouas o Tuilszah gnivua lasnasguves U.S. EPA Tuihay daaaslumsiai 2.13

M13199 2.13 nasgruszauanuluileugeganoensn 1dTuiau (Walsh, 2008)

Concentration
Country Method ng/L of pg/L of
TTHMs HAAs
USA Established Maximum Contaminant level (MCLs) 80 60
The Federal-provincial-Territorial
Canada Committee on Drinking Water Quality Has an Established 100 -
Maximum Acceptable Concentration (MAC)
European
- 100 -
Union
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' Y o <3 dy o A Yy I 1 9 ¥
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] A ' o Y= ' o o A Y
ﬂiﬂ\?N']Lllf]ﬂﬂiﬂﬂﬁ?ﬂWﬁﬂmﬂ!LﬂuﬁuﬂﬂUTllﬂllﬂﬂﬂ 4 HuUWUIUe A9 (1) Usznaunie
3 . .. .
NIZUIUNTNIULII (Rapid Mixing) (2) ﬂiz‘]J'JuﬂWﬁﬁ%j']\?@zﬂ@u (Flocculation) (3) NILUIUMS

ANALNOU (Sedimentation) 1A (4) NTLUIUNTINTDY (Filtration) (Mallevialle et al., 1996)

Conventional Process

— Disinfection Addition Residual Disinfection
Coagulant Addition Addition
. |
Raw Water ! = —
— rL —> — = — = i
i | D] | ] =]
1’4“\ To Distribution
Rapid Mix Coagulation/ Sedimentation Filtration . )
k\- Flocculation / Disinfection
u’ Residual Disinfection
Membrane Process Addition
Membrane Module
- =
—
Ra i ] e
w Water To Distribution
O
ET T°7 | ———— |
Raw Water Tank Permeate Tank Disinfection

< a Y LI o A
gﬂ“lfl 2.5 L‘lﬁ'EI‘]JL‘V]EJUﬂi81J’JuﬂTiﬂiUﬂﬂ!ﬂWWHWﬂ’Jhlﬂﬂ‘Uﬂig‘U’Juﬂ1§ﬂﬁ@\1W1ULEJ’E)ﬂ‘ifJQ

a Q. d d' 4 {
luTnsWawmsdu (Microfiltration: MF) Hlunszuaumshlfisonsesdtignyuviuig
) o ' [
500-1,000 nm lddmsunendrs Tuanalvg) a15U9IUA08H3 0L AN 9 DONIINVOUKA?
1 v A 9y 1 ! 2 A o 9 1 ' 1 o w %,’ =
Taoreanuaui l9og g9 0.5-5.0 am Felimsrh l1Fauedumsvane wu mstiainde

o o 3 2 [ 1 ) [ Y a o . <
msthifaing msdsulgsaaaiwi dmsudans Mamsdu (Ultrafiltration:  UF)  13)u



36

v a g ¢ 9 3 d A
nszumenals luana lvgy i TuUsau wu el vazuilesnoniuazais Twanadndu 9
Tagldionsosnlivunagngu 5-20 nm Taerennuauinldoglugig 1.0-10.0 atm

1 A < Y v

nszuIUMINIosIubonsed Iaena luvzldanvaznsnsowuy Inaving (Cross

I T o 4 1 2 v a o o
Flow) flumsrudisazaevuunuigousunieaiminnuianienms lva i ldaisazaieia

A Y A 2 A "y A a A

WIBUNANAIMUUTDNTDI FAUTNIUAN (Cake) MIATANVDIATVUIHONTDIVLINAINE

7 o & o @ < I J ] 4 Y
V1 iy asiunsdszgna 1 Tudguiuiailuuoy Tvavnadudiulvg weienny

= a o A Y1 1 YR
1131599 Dead-end B9921NANTYAAMIBONT09 19418171 Ty Owen et al. (1995) TAfANHT
a @ < Jd v

szuululnsWamsdu (MF) 11U Dead-end wosdsazaioiiula luinuaisazais Bovine
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. 9 1 a 4 ~ a =) 1 a
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3’; 4 [ [l < 1
FuLAn (Cake) tiiov1noyninviie vl eg1a lsnawmsmomulalunszuiumsnsoanuy
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I 2 A o a % ] 4 a o @
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=S % a 9 A v [ A a .
azate (1U5au lagdu) vumaviiiubeurunazumisgng v 1199919015109 Concentration
Polarization (CP) MAziNANIFQAAW/MITUANIZNTU aNYUYA1AY0819ININUDINITYAAUIETD
A ] Yy d' o ] A [ 1Y d'
nivsne M3 liawsol§isldeuaniigmssiniau Wi miuonsinis lva msdiunlaeu
o o H 4 < ]

ANuAY Wiemsmwanuazetaaod ivaud luty i lvvua 1y ResuiludeslFarsad
4 o o a o ¢ ' A o 2 <
MoANIANNEZDIA (AU T3 TAUIUUN, 2543) WUIMTIANOATINS InanToINuAIIE)

[ 1 a A & @ A 9 ge}
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Y
YUognUANUTUTUYDIF 1T A0
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=1 = 1 A 1 o o w =\ 19 9
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szuumsdovaaronn lilde1n e (Anacrobic Digester) wuNawsnanauanilsnlugl
coD l8gen1180% (Puetpaiboon et al., 1989) Tumsfny1szuunIoIRIwBonIoINligNgu
e 0.1 luaseu saunuszuuthianedinmuuulderns wudlszaninmlumsinia
2 "o a A . . 3 o 2
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Tuzd cop 'l1a%eeaz 9095 (Yamonato et al, 1989) ns1BUfFouHoumslHonso
o 4 I T L a
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nldgensealuTasWamsdu (Microfiltration Membrane) 131194 14 159971 taz Isaaun 1y
1H9N5099aMI 1NN TFU (Ultrafiltration Membrane) 31194 10 159911 wuNUseansanms
) Y 9 d’ a % d’ 1% a Y (= 1 [
1iaareidonsodlulasiawmssu uazidensesdansifawssulusianuuanaiadu
(Kumikane et al., 1995) iiorinisz@ninmmaihiauazaatlyminisgaduibonioidions
v Fo 1 1] 4 1
11117 UABUIINTZUIUNITNTBINIUEBONTBI (Drewes et al., 2003) WUIINITATOIAIY
a @ a ~ J g’./ YR & %} 9
luTasWamstuaunsoanasaunsenanua land 93% salunszuiumsnsessindrannms
a a 4 [ a o { J o 1
guilnianledonsounuUsudanlamsFu N MWCO 13,000 50,000 tag 100,000 A15AU N
a { $ 1 [ %1 1
HAR1N Polyacrylonitrile HNUNNITNTON 64 MITIUUAT UHAADTAINMTFUHIUYDILT WU
{ d o [ o g
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UNINauINNgA (Qin et al., 2003)
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Y 1 a
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e J Ao YanFupIaTazalgMI LMY (m'/m’.sec)
AP @ wagvesnnusunlFduaIsazeie (Pascal)
Az 0D HadANNAURoa INANYeIETaz a1y (Pascal)
u Ao ANNKHATBIEITAZ A0 (Pascal/sec)
A Y 1 ]
R A9 ANUATUNIUABNT 1Ak (Per meter)
o [y Sol a Q( (] 1 | Y 4
AmTuUSans tazesazarsvedans luanalvga &z JAunnugud
1 [ g’; Y Qy [ a [y Jd
waztoandn AP 110 9 aaiuasadn Az nald Gaun I5ziauuum, 2543)

R = R, + R, (3.2)

mo

A 9 A g
A9 ANUMUMULTUAY (Per Meter)

A 9 A g

Rd A9 ANUMULUBIVININTULIA (Per Meter)
0w 3 v &
AIMIUNTNIDIUITE DA Rd:() PNUU

AP = J x uxR (3.3)
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A AAq o
A1519% 3.4 sl lglunmsmanueazen

asthuilou nning ANMTLTUYRIETIAL
Bacteria Organic NaOCl Up to 5,000 ppm
Organic Colloidal Silica NaOH Up to 4%
Nitric Acid 5to 10%
Hydrochloric Acid 510 10%
Inorganic Colloid Oxalic Avid Up to 2%
Citric Acid Up to 10%
EDTA Up to 0.4%
Sterilization NaOCl 10 to 100 ppm
Hydrogen Peroxide Up to1%
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, . o o % 4. | StandardMethod | ypq 30 13
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2002; Tomaszewska et al., 2002; Laine et al., 2003; Gimbel et al., 2004; Schlichter et al., 2004)
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DOC (mg/L) 3.66 0.90 8.37 0.66

{ [ % a v J a
A1519% 4.3 AUANYUSVDIUIAUHAINTIUAITNGTA 100 UlﬂJﬂiE]u
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H1NITIU H1NITTU
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AUYU (NTU) 0.67 0.17 0.87 0.13
Uv,,, (1/em) 0.05 0.01 0.13 0.01
DOC (mg/L) 332 0.48 7.47 0.61




53

Y
[} % 9

o o I~ 1 1 o
%Wﬂﬂﬁ‘]J"I‘}JWULmuﬁJ’JfJﬂig‘U’Juﬂ”lﬁIﬂLLE)ﬂqmGI)'L!ﬁ]3Lﬁu31ﬂ1ﬁ'ﬂ11"lﬂﬁu111’ﬁ;‘hua$

(33

Y
2 o A 2

AwaadsazateimanuanatiiunszuIums lanengrasulimgaiuilunauainns 19
= A o A< A A o (J 3 a  J a 9
Tndogiltivaae lsdilluasanaznou iWesgiiiuuandr luhezinadluasUsenoisadon

4 v
uandegluiimazlilszguesogitivimaoeg lanategl wu Al dawaldaraninnisi
9 ' < L 2
TWihuazmveadsazasimaiuagavy
Y o 3 9 & o 1A A a
lumisnaaedlammsinudeyailuszozinat 70 7w wuniitesve1i@IAUIN
[ < ’o’ ] 1 %’ 2 o @ %’ a AaA 1 ]
910 UIgIz0g 1419 6.92-7.58 nazlIMaInTz UV IaeN o vey 1uyI9 8.11-8.35
1% = A o o 3 v v = ¥
awanaluzlin 4.1 dehmaliulanmindisnszuiums latenpaduaite¥vedin
@ ] Y a a 1 < 3 A 1A ] ] H 2
vdanalianilunais Tagr@iauana1unuingssinmioyed U529 6.46-7.10 119139910

a A 1A

H 1 1 o % 1 =)
53“].|1|‘]J1°]Jﬂ‘1!']!,ﬁ811ﬂ1WLE]°]5’E]§1U“]5”N 6.91-7.68 ﬁ?‘l’ii‘ﬂﬂWiﬂﬁ@\?W1uﬂ1§°ﬂiﬂ 100 hlllﬁ“]iﬁ]u

? a

1 ° Aa 1 <3 g % ke o w ¥ {
wunfiesvenimAuIne N ugsgaz e nszuthiadudenageonanms
[ Jd a 1 [ 1 @ < [ 1 Jd a
AIRIHIUMSNTA 100 Tuaseu e luuanaiany taaaldmiuanmInieamiua1snsa 100

Tuaseulutinanemiio

v

Ya a =T 3 2 o v 3
UINIAUIIND NNV U5 £ himmnsguuinialiiae
S

\

[ e

-
AN Y
[\ W N

—_

1
0 I T O T T T T T T T T T A T A A A
I I I I I I I I I I I I I

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
a1 ()

¥ A o ¥ J a
—o— U1 +m‘ﬁmuﬂszmumﬂmmﬂqm%u WINNIUMTNTA 100 hlllﬂi@u

!

319 4.1 mdieyaoszeza lumsAuszUY



54

a L4 a I [ [ { o a A
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A13190 V.4AVANHAUSVBINHIAUINDIUNVUIFTTHAIUTZ VYN T DY
Sansflan sTufidaduweiiondos mumms 25:75
L T \ , Aoy
WITTULANDT ARNaY ﬂW]'lﬁqﬂ ﬂ1fﬂf\‘1quﬂ
MATFIU
oy 6:73 6.57 7.08 0.10
QunQN (°C) 30.88 28.10 32.80 1.47
mamum3yi i (uS/em) 278.56 270.00 291.00 6.08
Aveaiiazateh (mg/L) 139.00 135.00 145.00 3.06
o (mg/L) 2.59 1.43 5.92 1.49
AUYU (NTU) 0.22 0.19 0.31 0.03
Uv,, (1/cm) 0.038 0.033 0.044 0.003
DOC (mg/L) 2.58 2.30 2.90 0.17
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Y
o A A 1

{ o < ¥ v 1
m’iNﬁ VSAUANHUSVIIUINIAUINDIUNVUIFICUAINIUTEUUNIT D

a5 NI FUNTATIUINONIBNADTINUNNININD 50:50

. D - , Andisay
NIULADT AURNY ﬂW]']iZfﬂ ﬂ1’s;f<1ﬁjﬂ
AT
oy 6.88 6.77 7.00 0.07
QuUnQN (°C) 28.26 22.50 30.30 2.46
mamum3yi i (uS/em) 275.72 264.00 282.00 5.86
ﬁ1ﬂl@il£%ﬂﬁ$ﬁ?ﬂ‘l}11 (mg/L) 137.88 132.00 141.00 2.88
o (mg/L) 4.81 1.43 8.91 2.65
AN (NTU) 0.33 0.23 0.43 0.05
Uv,,, (1/cm) 0.045 0.041 0.048 0.002
DOC (mg/L) 2.94 2.74 3.11 0.10
WIeIMe - S1UIUToYR 50 Voiya
A o 3 aa D= I v 1
AN V.6AMANHULVBINIHIAUIND ILNVUIFTLHAINIUTSVUNT O
Sansflan sTufidaduweiiondos mummsgy 75:25
L T \ , Aoy
WITTULANDT ARNaY ﬂWﬂquﬂ ﬂ1fﬂf\‘1quﬂ
AT

oy 6:91 6.77 7.10 0.09
QunQN (°C) 29.24 27.50 30.70 0.76
mamum3yi i (uS/em) 278.26 273.00 294.00 571
ﬁ1ﬂl@il£%ﬂﬁ$ﬁ?ﬂ‘l}11 (mg/L) 138.96 136.00 146.00 2.66
o (mg/L) 5.62 1.43 8.91 2.74
ANUYU (NTU) 0.37 0.29 0.45 0.04
Uv,,, (1/cm) 0.045 0.041 0.049 0.003
DOC (mg/L) 2.93 2.70 3.14 0.15
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o a o A a v Jd 1w 2
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. D - , ANVEAUUY
NIULADT AURNY ﬂW]']iZfﬂ ﬂTs;NﬁZfﬂ
WATTIU
Niow 7.13 6.96 7.30 0.10
QuUnQN (°C) 33.18 31.50 34.50 0.83
mamum3yi i (uS/em) 577.80 570.00 588.00 5.35
Aueudaazaeil (me/L) 289.08 285.00 294.00 2.81
o (mg/L) 6.49 2.92 10.41 2.36
ANYU (NTU) 0.35 0.26 0.43 0.04
Uv,,, (1/cm) 0.100 0.087 0.112 0.007
DOC (mg/L) 6.02 5.29 6.66 0.38
WIeIMe - S1UIUToYR 50 Voiya
d’ W 30’ o o 90’ = % 1
A1519N V.8 AMANHAZVDNINNFEUVINVAUUTIUAIHIUTLVUNTOI
[ a o A a v Jd 1w 2
e WamIFUMNONLNHANFININY 80 L/m”.h
L T \ , AuTloa
Wnes ANDY GRILG) Agaga
WATTIU

IGE 6:95 6.81 7.10 0.09
QunQN (°C) 3221 30.20 33.30 0.93
mamum3yi i (uS/em) 571.16 557.00 588.00 8.90
Aveaudeazansi (mg/L) 285.84 279.00 294.00 4.49
& (mg/L) 5.89 1.43 10.41 2.96
AUYU (NTU) 0.29 0.24 0.37 0.04
Uv,,, (1/cm) 0.096 0.090 0.105 0.004
DOC (mg/L) 5.79 5.45 6.29 0.23
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o a o A a v Jd 1w 2
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. D - , Andisay
NITTIULNDT AUNA[Y ﬂWﬂq@] ﬂTs;Nﬁjﬂ
MATFIU
oy 7.33 7.17 7.54 0.11
QuUnQN (°C) 32.20 30.20 34.30 1.12
mamum3yi i (uS/em) 572.18 556.00 582.00 6.81
Aveaisazaeih (mg/L) 286.58 281.00 291.00 3.12
T (mg/L) 9.84 4.42 14.90 2.79
AWYU (NTU) 0.50 0.41 0.60 0.05
Uv,, (1/cm) 0.113 0.107 0.120 0.003
DOC (mg/L) 6.74 6.41 7.12 0.19
WIeIMe - S1UIUToYR 50 Voiya
4 o ¥ 3L /e M,
A15190 1,10 AUANYALVDNINNTZUVINTANUTEM A UTEUUNTOY
SansilamsFui dadaune e Nas s NIANMITY 25:75
L T \ , Aoy
WITTULANDT ARNaY ﬂW]'lquﬂ ﬂ1fﬂf\‘1quﬂ
MATFIU
oy 7.38 7.20 7.52 0.09
QunQN (°C) 32.82 31.90 34.30 0.66
mamum3yi i (uS/em) 565.46 533.00 580.00 10.45
Aveaiiazateh (mg/L) 283.16 273.00 291.00 4.02
o (mg/L) 12.00 7.42 17.89 2.98
AUYU (NTU) 0.42 0.37 0.52 0.04
Uv,, (1/cm) 0.113 0.105 0.119 0.003
DOC (mg/L) 6.72 6.27 7.04 0.17
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. D - , Andisay
NIULADT AURNY ﬂWﬂq@] ﬂTs;Nﬁjﬂ
MATFIU
Niow 731 7.20 7.45 0.07
QuUnQN (°C) 32.34 30.80 33.80 0.80
mamum3yi i (uS/em) 621.08 566.00 634.00 11.51
ﬁ1ﬂl@il£%ﬂﬁ$ﬁ?ﬂ‘l}11 (mg/L) 309.08 234.00 318.00 12.36
o (mg/L) 10.41 5.92 16.40 2.16
AUYU (NTU) 0.45 0.40 0.53 0.03
Uv,,, (1/cm) 0.126 0.112 0.140 0.008
DOC (mg/L) 7.45 6.69 8.24 0.45
WIeIMe - S1UIUToYR 50 Voiya
4 o y 3L/ ke M,
A15190 1,12 AUANYALVDNINNNTZUVINUANUTEM A UIZUUNTOY
Sans1ilansFui dadamnetienass mumnmiiy 75:25
L T \ , Aoy
WITTULANDT ARNaY ﬂW]'lquﬂ ﬂWMqufﬂ
MATFIU
oy 7:12 6.98 7.22 0.08
QunQN (°C) 32.34 30.80 33.50 0.77
mamum3yi i (uS/em) 627.14 619.00 634.00 5.81
Aveaiiazateh (mg/L) 313.86 310.00 317.00 2.77
o (mg/L) 10.32 5.92 14.90 2.43
AUYU (NTU) 0.44 0.39 0.50 0.03
Uv,,, (1/cm) 0.113 0.103 0.122 0.006
DOC (mg/L) 6.71 6.18 7.23 0.36
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A15190 A.1 ﬂamé’ﬁumuﬁué’fumau%ﬂiaumLmué’amwﬁmmsﬁ’u

Transmembrane Pressure
Permeate Flux
kPa kPa kPa kPa

L/m’h 1 2 3 Aunde
60 6.90 10.34 10.34 8.62
80 10.34 13.79 13.79 12.07
100 13.79 17.24 17.24 15.52
120 17.24 20.69 20.69 18.96
140 31.03 24.14 24.14 27.58

{ 4 o A 901 Aa a 1 < %}
@nﬁ”lﬂ‘ﬁ .2 mmﬁ}mwmg%ﬂimmmmuwmmuiz‘uuﬂs’e)Qﬁ}wmwmumﬂanm‘umqn

Transmembrane Pressure
Permeate Flux
kPa kPa kPa kPa

L/m"h 1 2 3 Aunds
60 58.62 55.17 55.17 55.17
80 75.86 74.13 75.86 74.99
100 103.44 96.54 93.10 94.82
120 131.02 124.13 124.13 124.13
140 137.92 137.92 137.92 137.92

{ Y 4 1 a Y 4 o o 3
G]’li’lQﬁ .3 ﬂ'J’lll@'I‘LWI'luLgﬂﬂiﬂﬂlﬂﬂlﬂﬁuﬂ@ulﬂu531]ﬂﬂ5'E]Q@'Jflu'lﬂ\‘ﬁ]'lﬂigﬂﬂﬂ'lﬂﬂu'llaﬂ

Transmembrane Pressure
Permeate Flux
kPa kPa kPa kPa

L/m’h 1 2 3 Ande
60 34.48 31.03 31.03 31.03
80 41.38 34.48 34.48 34.48
100 44.82 41.38 41.38 41.38
120 48.27 48.27 48.27 48.27
140 58.62 55.17 55.17 55.17
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Transmembrane Pressure
Permeate Flux
kPa kPa kPa kPa

L/m’h 1 2 3 Aunde
60 48.27 41.38 41.38 41.38
80 58.62 55.17 48.27 51.72
100 82.75 75.86 68.96 72.41
120 96.54 103.44 96.54 99.99
140 148.26 124.13 137.92 131.02

A5 A.5 ANUAIUINUEDNIDUNUIUTUNAIDINA 19028 NaOH

Transmembrane Pressure
Permeate Flux

kPa kPa kPa kPa
L/m’h 1 2 3 Ande

60 48.27 48.27 48.27 48.27

80 78.61 78.61 78.61 78.61
100 115.85 115.85 115.85 115.85
120 136.20 136.20 136.20 136.20
140 162.75 162.75 162.75 162.75

= 9 A o Yy v
AT NN 1.6 ANUMNMUNUEIDNIDUNVIUIT U AIVINA AU NaOCl

Transmembrane Pressure
Permeate Flux
kPa kPa kPa kPa
L/m’h 1 2 3 Ande
60 31.03 31.03 31.03 31.03
80 34.48 34.48 34.48 34.48
100 41.38 41.38 41.38 41.38
120 48.27 48.27 48.27 48.27
140 55.17 55.17 55.17 55.17
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Transmembrane Pressure (kPa)
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Evaluation of Chemical Coagulation and Ultrafiltration for Natural
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ABSTRACT: Removal of NOM is important since they act as the precursors to disinfection
by-products (DBPs) which, in turn, have recently received attention in drinking water and water
supply regulations. Previous studies have shown that NOM can be effective rejected during
filtration by low and medium pressure membranes, including nanofiltration (NF) and, to a lesser
extent, ultrafiltration (UF). However, several large scale water treatment plants already employ
coagulation pretreatment, mechanisms applicable to the'initial stages of MF or UF fouling are still
not fully understood. The main objectives are evaluated influencing of permeate flux and recovery
ratios on the coagulation-ultrafiliration efficiengies-including transmembrane pressure, color,
turbidity, UV2ss and dissolved sorganie cachon (DOC). The optimized permeate flux were selected
with the values of 80 L’ h for eontinuous ultrafiltration runs. Theoverall highest removal efficiencies
were found in the 25:73 ratios. The color, turbidity, NOM and DQC removal efficiency for water surface
were about in 67%, 64%, 27% and 23%;-respectivelys While, thé removal efficiency for effluent SUT's
WWTP in terms of color, turbidity, NOM and DOC were 32,37, 17.and 16% respectively, The overall
removal were decreased when the permeate flow increase.

INTRODUCTION

The quality of surface wateris.determined by hydrodynamic. biological, chemical, physical and
meteorological processes. Intensive rainfall -and-fleod in catchments area can cause quite
considerable degradation of the surface water quality.  Surface waters contain inorganic and
organic particulate substances. Inorganic particulate constituents are amongst others clays, silt and
mineral, Organic particulate substances can include microorganism like viruses, bacteria and
protozoan. One of the major problems of using surface water as source for drinking water is the
high content of natural organic compounds (NOM). NOM can cause odor, can influence the taste
and can increase corrosion and biofilm growth in distribution network. Furthermore, NOM could be
a source for the formation of disinfections by-products when water disinfected [1,2,3].

Increasing population and improper industrialization practices have led to detrimental surface and
underground water pollution. This phenomenon has raised concem in the public for stringent
environmental legislation and alternative technology in water treatment. The presence of free
chlorine content that is used as a disinfectant in conventional water supply treatment system is
found to react with residual natural organic matter (NOM). NOM in raw water consists of
hydrophobic fractions like humic acid and fulvic acid and hydrophilic fractions and comprised of
organic molecules of various sizes ranging from 300 to 30,000 Dalton [1.2.3]. Some past of the
study reported that the hydrophobic fractions accounted for more than 50% of DOC in natural
waters, Removal of NOM is important since they act as the precursors fo disinfection by-products
(DBPs) such as trihalomethanes (THMs) and haloacetic acids (HAAs), have been recently
recognized to be human carcinogens which in turn have recently received attention in drinking
water and water supply regulations [4,5]. Previous studies have shown that NOM can be effective
rejected during filtration by low and medium pressure membranes, including nanofiltration (NF)
and, to a lesser extent, ultrafiltration (UF). However, organic matter is often found to be a primary
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source of flux decline due to fouling in RO and NF systems [4,6]. NOM rejection by membranes
has been the nominal molecular weight cut off (MWCO). Microfiltration (MF) and ultrafiltration
(UF) are highly effective for turbidity, bacteria and protozoa removal, also indirectly assisting in
disinfection by-product (DBP) control by lowering chemical disinfection requirements for the
filtered water. However, wider applicationpof these technologies continues to be impeded by
fouling. A common method to reduce fouling and simultaneously improve filtered water quality is
to chemically coagulate the feed water using aluminum or iron salts prior to MF/UF [7].

Ultrafiltration membrane has become an attractive alternative to conventional clarification. No or
less need of chemical agents, good quality of produced water independent of feed water quality,
good removal efficiency towards microorganisms, less production of sludge, compact process, and
easy automation are some of the advantages of ultrafiltration compared to conventional treatment.
However, several large scale water treatment plants already employ coagulation pretreatment,
mechanisms applicable to the initial stages.of MF.or UF fouling are still not fully understood. In
recent years, coagulation is used for pre-treatment-in the process combination with UF because it
can best NOM removal efficiency and therefore reduce fouling. Thus, this study was investigation
on coagulation pretreatment of ultrafiltration treatment for NOM removal. The main objectives are
evaluated influencing of permeate flux and recovery ratios on the coagulation-ultrafiltration
efficiencies including transmembrane pressure, pH, temperature, conductivity, total dissolved solid,
color, turbidity, UVs; and digsolved organic carbon (DOC),

MATERIAL AND METHODS

Characteristics of raw water

The raw water colleeted from two, difierence sourees. The first'source collected from the Suranaree
University of Technology's reservoir (SUT's reservoir) and the second one collected from final
polishing pond effluent of Suranaree University of Technology's wastewater treatment plant
(SUT’s WWTP) during the period of July 2010 to February 201 1. The characteristics of raw water
are illustrated in Table 1.

Table 1 Characterization of raw water

Parameter SUT’s reservoir Effluent of SUT's WWTP
pH 7.25¢0.33 8.23+0.12
Temperature (°C) 25.55+2.42 30894331
Conductivity (uS/em) 237.25¢40.19 505.39=11.27
TDS (mg/l) 119.64<21.31 252.95+5.68
Color (mg/L .P1.Co) 180.85+59.04 120.12£39.19
Turbidity (NTU) 11.67+3.49 10.74+4.38
UVass (em™) 0.23£0.03 0.26+0.03
DOC (mg/L) 13.24£1.92 14.83£1.67

Feed water preparation

The raw water inflows to coagulation unit that were performed using poly aluminum chloride
(PAC) concentration of 10 mg/L in raw water for | minute of rapid mixing and settling process.
Then, the clear water was filtered by 100 pm filter before fed to ultrafiltration process.
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Continuous crossflow ultrafiltration unit

A pilot scale of crossflow ultrafiltration membrane unit was a hallow fiber module. Our system is
composed of the membrane module and the feed, permeate, and waste lines as details shown in Fig.

I. The characteristics of memhrane were polysulfone (PS) material, molecular wclghl cutoff
(MWCO) about 20 kDa and 6 m” of membrane area. The influencing of permeate flux ratlos on the
ultraf Itration efficiencies were investigated by varying effluent permeate flux of 60 L/m’h, 80
L/m’h and100 L/im"h.  After that the pptimized permeate to retentate ratios were evaluated by
varying the values of 25:75, 50:50 and 75:25.

L, 1 0 P 0 S - I ka  o CESE ]
-‘P‘ermm water Permeate water i

e e

%

Clean water mih Permeate tank

Retentate water

Lot

-

i
l.-li"ll' pressure pump Retentate tank

Pump SR PN P ..
Coagulation 100micron UF = Ulirafiltration membrane
PG = Pressure gauge
V =Valve

Fig. 1 Schematic of the ultrafiltration system

Analytical methods

Overall influent and effluent samples were analyzed following the Standard Methods for the
examination of water and wastewater [8]. The UV, absorbance was used for quantifying NOM
content in water using Agilent 8453 UV/VIS spectrophotometer and dissolved organic carbon
measurement by wet-oxidation,

RESULTS AND DISCUSSION

Feed water characteristics

The characteristics of raw water after coagulation and settling processes and 100 um filter show in
Table 2. Results showed that the coagulation process can be removed 88% of turbidity which values
of the settling effluent were about 0.97-1.61 NTU. Also, the color removal was about 86%
(15.00-25.22 mg/L-Pt in the settling effluent) and the natural organic matter (NOM) removal was
about 75% (0.09-0.11cm’" in the settling effluent). These results were showed higher NOM removal
by coagulation process than the study of Korbutowicz et. al. [9] that using two iron coagulants
containing FeCl; or Fex(SO4); as actives compounds. The result of that study showed 56% of NOM
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removal. As well as, this study showed that higher dissolved organic carbon removal than Krystyna
et al. [10] which value about 72%, However, the type and dosage of coagulant is imporiant for an
efficient pretreatment in hybrid process coagulation couple with UF such as the poly aluminum
chloride and other coagulants were effect on conductivity and total dissolve solids.

After that, the clear water was filtered by 100 pm filier before fed to ultrafiltration process.
Results showed that 40% of turbidity removal by ranges of 0.62-0.92 NTU. Meanwhile, the color
removal efficiency was about 33% by ranges of 8.92-17.92 mg/L.Pt and NOM removal was about
11% by range of 0.08-0.10cm™, These can be concluded that the coagulation and 100 um filter
pretreatment have capable to reduce turbidity, microorganism removal (bacteria, viruses or
protozoan) and NOM removal. That can be improved influent water quality and decreased fouling
of membrane.

Table 2 Characterization of Ultrafiltzation Influent

Effluent
Parameter
From settling From 100 pm filter
pH 101017 7.06+0.13
Temperature (°C) 28.77+1.66 2841£1.76
Conduetivity (uS/cm) 430.68+34.00 409.67+38.64
TDS (mg/l) 218541720 206.73£23.07
Color (mg/L .P1.Co) 20.14#5.11 13.42+4.50
Turbidity (NTU) 1.29:+£0.32 0.77£0.15
UVas (em™) 0.10:0.01 0.090.01
DOC (mg/L) , 6,02£0.78 5,40:0.54

Influencing of permeate flux

At the initial conditions, a 25:75 of permeate to retentate ration was selected for evaluated
influencing of permeate flux on the ultrafiltration efficiencies [11]. The experimental results of three
permeate flux runs were showed in Table 3. Results showed that transmembrane pressure mcreased
from 14.77 kPa to 41.59 kPa and permeates flux increased from 60 Lim*h to 100 L/m*h. The
transmembrane pressure were increased during increasing the permeate flux. That caused of
effluent flow rates of the membrane were increased. Cristensen et al. [12] can explained by the flux
decline depends on both feed concentration and specific cake resistance. For inorganic particles,
specific cake resistance is a function of particle size and shape. For organic slurries, such as
fermentation broths and activated sludge, it has been demonstrated that the presence of extracellular
polymeric substances (EPS) increases the resistance. Moreover, the ultrafiltration membrane is
more affected by fouling, and when limiting flux is attained, the pressure increase will not have a
positive effect on permeates flux [13].

The DOC removal was not different in three experimental runs as same as the study. From
statistical analysis (ANOVA test at 95% of confidence level), it was found the variance of DOC
removal in three runs ware significant to equal. The overall results showed that average NOM and
DOC removal efficiencies were about 22-25% during three permeate fluxes varying (Fig. 2).
Meanwhile, the avcrage color and turbidity removal were significant to equal in two permeate
fluxes of 60 L/m"h and 80 L/m”h with the values about 64% and 67%, respectively. However, the
turbidity and color removal were decrease during 100 L/m”.h of permeate flux. This can explain by
the increased permeate flux, the transmembrane pressure also increased because the particulate
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accelerates the accumulation of the membrane surface fouling. It was difficult for the fouling to
settle due to the high permeate flux [13]. Therefore, in practical operation, the raw water should be
pretreated to decrease the concentration of raw water organics and retard membrane fouling, and
then the membrane operational efficiency can be improved, Membrane surface cross-flow velocity
has a close relation with membrane fouling. On the principle of no influence exerted on the
transmembrane pressure, the increase of the membrane surface velocity can result in water
permeation while cleaning the membrane.

Table 3 Characteristics of ultrafiltration effluent with varying permeate flux

Permeate | Transmembrang Calor Turbidity UV DoOC
flux pressure (kPa) | (mg/L.Pt.Co) (NTL) (em™) (mg/L)
60 L/m’h 14.77+1.56 5.06+3.04 0.21+£0.05 0.04£0.01 2.64+0.34
80 L/m"h 25.92+4.03 5.03£2,08 0.22+£0.05 0.04=0.01 2.76£0.48
100L/mh | 41.59¢4.65 5.84£2.51 0.25+0.06 0.040,01 2.710.38
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Fig. 2 permeate flux on the efficiency of reatment
Influencing of recovery ratios

At the second condition, the optimized permeate flux were selected with.the values of 80 L/m* h for
continuous ultrafiltration runs by varying permeate to retentate ratios. The results of this study were
illustrated as shown in Fig.3. The overall highest removal efficiencies were found in the 25:75 ratios. The
color, turbidity, NOM and DOC removal were about in 67%, 64%, 27% and 23% respectively in permeate
to retentate ratio of 25:75 and it relation study to part found that efficiency removal of DOC with MWCO
10-50 kDa can removal about 25-32% [14]. The overall removals were decreased when permeate to
retentate ratio increase. Because, permeate to retentate ratios 75:25 give permeate high water quantity but
quality effluent from permeate than more 50:50 and 25:75 then the high ratio was effect to permeate
membrane it can be the particulate to pass membranes so the fouling on the surface was peeled off by
the flow perpendicular to permeate directly which called dead-end mode [11].
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Fig.3 Ratio of permeate: retentate on the efficiency of treatment

The overall removals were decreased when permeate to retentate ratio increase. This causes of
particulate maiters can be passed through the membrane during high permeate to retentate ratio.
That showed optimal.condition color, turbidity, NOM.and DOC.removal was the 25:75 ratio. The
fouling on the surface was peeled off'by the flow perpendicular to permeate directly which called
dead-ends of mode [9]. Membrane recovery is'defined as the ratio of permeate flow to feed flow for
that membrane. Recovery can be reduced by increasingitbe feed flow. Another way to reduce
recovery is to decrease the operating pressure, - Lower operating pressure produces a lower amount
of permeate. [f'ihe feed flow can be maintained near the original value, then a lower recovery is
obtained. The effect of lower recovery is to reduce the overall conceptration of all substances in the
reverse osmosis system,

Comparison of SUT’s reservoir and Efffuent of SUT's WWTP

In order to confirms application of hybrid process coagulation couple UF. The Suranaree University
of Technology's wastewater treatment plant (SUT's WWTP) effluent was evaluated as results showed
in Table 4. The optimum permeate flux was about 80 L/m"h and permeate to retentate ratios was
about 25:75 for treatment of SUT's WWTP effluent. Results had shown the influencing of water
quality on hybrid process coagulation couple UF treatment efficiencies and membrane fouling.

The overall removal efficiencies of the treatment for SUT’s reservoir were higher than the
treatment for SUT's WWTP effluent. The value DOC effluent was higher than 4 mg/L for SUT's
WWTP effluent. These data significance that high DOC level (> 4 mg/L) could be a source for the
formation of disinfections by-preducts when water disinfected (THMs will likely exceed 50 pg/L)
[15]. Moreover, the results of Effluent of SUT's WWTP were the removal efficiencies of the color, turbidity,
NOM and DOC were about in 32, 57, 17 and 16% respectively as details shown in Fig. 3.

CONCLUSIONS

Results of this study showed that NOM and DOC values of raw water were about 0.23-0.30 em™
and 13-15 mg/L respectively. These can reduced in coagulation by polyaluminum chloride at
concentration of 10 mg/L. T;he experimental results of three permeate flux runs were showed an
optimized value was 80 L/m".h. The overall highest removal efficiencies were found in the 25:75 ratios.
The color, turbidity, NOM and DOC removal were about in 67%, 64%, 27% and 23% respectively.




128

International Journal of Civil Engineering and Building Materials (ISSN 2223-487X) Vel. 1 Ne.1 2011
© 2011 Iinternational Sclence and Engineering Research Center

However, results had shown the influencing of water quality on hybrid process coagulation couple
UF treatment efficiencies and membrane fouling.

Table 4 Characteristics of ultrafiltration effluent with permeate fo retentate ratio.

Transmembrane Color Turbidity UVagy poc
Rawwater | ocsure (kPa) | (mg/PLCo)|  (NTU) (em™) (mg/L)

SUT’s reservoir | 41.38£0.00 2.59=1.49 0.22+0.03 | 0.04+£0.003 | 2.58+0.17

ﬂ”g"’fsm's 4138£000 | 12.00:298 | 043:0.04 | 0.11£0,003 | 6.72:0.17

20

Percent Removal (*s)
-
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Colox Turbadaty LI 38 Do

DSUT" sreservoir DEfnentof SUT" #WWTP

Fig.3Ratio of permeate: retentate on-the tificiency of treatment
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