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Natural organic matter (NOM), which presents in water supply system, plays an 

important role in producing many hazardous substances such as trihalomethanes and haloacetic 

acids during chlorination process. NOM molecular weight can be an important factor, which 

causes disinfection by-products in water supply system. 

The purpose of this research is to study molecular weight fractionation of NOM by 

ultrafiltration (UF) and to evaluate the influence of NOM rejection, pH and ionic strength for 

hollow-fiber UF system. Experimental results showed that the present of organic carbon had 

about 40,18.2, 10.9, 9, 7.2, 5.6 and 4.7% for NOM molecular weight of greater than lOOK, less 

than 1K, 30K-100K, 10K-30K, 5K-10K, 1K-3K and 3K-5K, respectively. NOM molecular 

weight fraction greater than 100 kDa showed the highest averaged-molecular weight about 17, 

689 g/mole, while the averaged-molecular weight ofunfractionated NOM was about 4,114 

glmole. The increment of molecular weight resulted in higher UVITOC ratio, possibly higher 

NOM hydrophobicity. It was observed that increased ionic strength decreased solution flux and 

total organic carbon (TOC) rejection, while increased solution pH decreased flux decline and 

TOC rejection. 



n~~ m ~1J1h ~ mrr 

'lJ'Ylfl'~ EianT~:n 1 'Yl v 

'lJ 'Ylfll'l Ei eJ .f11 'l:J1 e) 'l f) t] '1:1 

{l'WUtu 
" 

{l'U'!Jt'\j~l~l'l 

{I' wu ru nJ m Vl 

' "' 'U'YI'YI 

""' 

v 

t'lTHJtu 
u 

1.1 ml1JLrlumtt~~mlmhrl't'\j'UeJ'l1lt'\Jril 

1.2 -r~ tl1.J~~{l' 'lrl'Uel'l 'll'U 1,] tJ 
q 

1.3 'UeJ'l.H'U~'UeJ'l'll'U1iv 

1.4 {1'1J1J~~l'U'UeJ.:Jm~1iv 

" 
1. 5 'l!u ~ tJ'U'UeJ'l mTt1l.:Jl'U 1 i v 

a'd 1 In Ycv 
1.6 1ln: ti'J'lf'U'Yllilll'l1l'il~ -!l'l~'lJ 

. ' 

2 
d c:t,Q,/ d d $1 

'Ylt]'l:J~U~~'ll'U 1'ili'J'Yllflti1'Uel'l 

..:id .d 9) 

2.1 'Ylt]'l:J~'Yllfli'J1'Uel'l 

2.2 f)';j~'lJ1'Uf1l~L1JlH'lJ~'U 

2.3 m~'lJ1'Ufll~eJ~~11Vl~t~~GJf'U (UF) 

3.1 {l'l~Lflii~i~ium~'Yll'l~eJ'l 
-I <I .d "' 

3.2 el1Jfl1Wtt~~ Lfl~tl'l1Jel • 
" 

3.3 'l!u ~tl'U m~ ~1ruu .:Jl'U1 i v 

f) 

1 

2 

2 

2 

3 

3 

4 

12 

14 

23 

25 

25 

33 

36 



: 

f) 

'U 

'il 

<V ' ffl11Jtu (VIel) 
u 

3. 6 fll'J~f)'l;J lfll'Jrh:J l'W 'J ~1J 1J!~tlf1'HJ.:JU'U1.J'el~ l'l'JlVl ~!\On 'lf'W 3 7 

3. 7 nn~f1'l;J1D 'il<O'v~iJ v.m~ tJ fll'J~IPliPl'W 'Ut!.:Jt~t!m t!.:J U'U'U tl'~l'l'Jl 40 
~ r/Q.J 1 

3.8 fl1'J1!fl'Jl~'l11'l1tltll.:J 41 

" 
4.1 f1tu~f1'l;Jtu~'Ut!.:Jt111P1'1mh.:J 43 

q 

tl~l'l'JlVl~tl'l'J'lf'WtW~!fl~tl.:J HPLC 

4.5 v-~~m'J~f1'l;JlD'il<O'tJ~l.:JC') ~llB'V&vm~tJfiwJ~ncM'u~~ 

fnll.J~lm'Jt~1 'W m'J n1,r 191 ~1 'JBm1 ~ vm.:J1i nl.JGJfl~ 

l'll'Jl.:JU ~\91-:Jr-mvJrl'ncM' 

l'll'Jl.:JU ~\91-:Jfl'Jll.J ~ll.Jl'J t~1 'W fll'J tll,r\Pl~l'JB'W'Vl ~ V'Utl .:J!~tl f)'JtJ.:JU'U'Utl~l'l'Jl 

I'll 'J 1-:J u ~\91-.:J m 'J ~h il 'W 'J ~'U 'U u 'U'U a~ l'l 'Jl 

11i f) 1 'J !l'l ~ (Jl.J ~1 'J ~ ~ ~ ltl!! ~ ~191'1 tJ e.h.:J f)l'j ii 1 'W 'Jill 

57 

62 

63 

65 

69 

70 

75 

78 

85 

89 



2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

4.1 

4.2 

4.3 

4.4 

~d 9) .c:S oCJ ~ r 

'UeJ\Pittl:'I~'UeJmf.J'UeJ.:Jfll'Jfll'il\PI NOM t\Pif.Jf1J~1J1'W fll'J\Pil-:1"1 
v ' v 

fl rum VI 'U a.:~ 11 1 ~hrvhn m J t1 i i' H il'191 11 Tlh ~ 111 • 
t 11~ f.J'lJ rYi f.J'lJ n "J~'lJ 1 'W m"J UJlJ t'lJ "J'W 'll'U\PII9il.:~"l 

t 11~ vmYi vm) a~ 'U a.:~ tll \011:'1 u l9i 1:1 ~'ll'iJ \PI 
OJ 

d.ci 3) 

!lllJ!'lJ':i'W UF 'Vlll'Ulf.J191llJ'VleJ~1911:'1l\PI 

ttb1'\PI.:Jttama~~1:'1191'JlYlm191"Ji''Wtt'lJ'lJ hollow fiber cartridge 

fl 1 bl1111 'J ~ -ff'Vl f fl1 'J cJflJ ~l'W 

\9\l"Jl~ 'i:l"Jll m "Jftmnu 'il 11 v~ii rm 19iam"J eJ\01191 'W'Ua~t~a m a ~tt'lJ'lJ~ fl191 "Jl • • 
' 

8 

9 

11 

13 

18 

21 

31 

32 

37 

CJ~ ~ CJ 

~Wb1'111J191'UeJ~WeJf1JeJ~tt'lJ'lJeJ1:'1191'Jl'UeJ~ A/G Technology Corporation 38 

\9\l"Jl.:J bY"Jll m"Jftmnu 'il 11 v~ii H1:'119ia m"Ja\PII'l'W'Ua.:~t~an J a~tt'lJ'lJ a fl191"J1Yl1:'1 t191 "Ji'W 41 
• q 

.I o1 d o1 "' 
tt 1:'1 ~!'l.J eJJ !9f'W 191 fll'J bYUJri;lf.J 

OJ u 

'U'W 1\Pltll !fl fil:'I!Q ~ f.JU1:'1~fllf11J f)J~ 'illf.JI'l1'UeJ~ bYl'J ~'W'Vl ~ V'fi J'JlJ'b'l~ • 

42 

43 

44 

47 

49 



d 
ill'V'I'Yl 

2.1 

2.2 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 

4.1 

4.2 

4.3 

4.4 

4.5 

fll"S" t'll~t'J1HVit'J1Jfll"S"fl"S"eJ-:JU1J1J I '11~ ~l'WU~~ l'11~'1J11-:J 

LJJ~~'IJ()-:JLJJJJL1J"S"'W 4 'lftJ~ 
"' 

" 
UN'W.flll'l'IJ'W l'leJ'W fllj~l!tJ'W-:J TW1~t'J 

fJ) ~ .::::::. ..:::to' -=:to 

"5" () t'J~ ~'IJ tl-:J fll"S" brill! b1'tiJJ 1 ~ b1'11eJ'W 'Y1 "5" t'J1i "5" "5" JJ'lfl\"1 
"' " " . 

lhYYirn1m~fJ~m~t'J'IJe:J-:Ju~~~9f1-:J'IJ'Wl~ !JJmfJ~~l-:J<"") 

rh-el19111ri1'W1~'11l1-:J UV/TOC iuu~~~GJf1-:J'IJ'Wl~ 1m~fJ~~1-:J<"") 
-=! ..::::i -=:t, ..:::let' -=:t, : ~ 

m T:-·J u n ~ -:J m-s- t'll -s- t'J1J t'Yl t11J 'IJ'W 1 ~ LJJ m n~ 'IJ e:J -:J b1'1"5" t1 'W 'Y1 -s- t'J1i -s- "S"JJ'lf1\9l'IJ t!-:J'W 1 ~1J • 
Q../ I 9) I 

fl1J'lf1-:J'IJ'WWI'We:Jt'Jfl11 lK 

" 

16 

20 

27 

28 

29 

31 

32 

33 

34 

36 

40 

45 

46 

48 

49 

50 

4.6 nnvJu n~ -:J m-s-t11~ t'J1J tVi t'J1J'IJ'W1~ LlJt~ fl~'Ue:J-:Jb1'1"S"~'W'Yl ~rJ1i"S"':ilJ'lf1~'1Je:J-:JU1~1J 51 • 

" 
4. 7 m1'Wu n~-:J m-s- t1.1~t'J1JtVit'J1J'IJ'W 1~ !JJ m n~ '1Je:J-:Jb1'11 ~'W'Yl~ vTI -s- "S"JJ'lf1~'1Je:J-:Jth~1J 52 . 

" 
4. 8 m1'Wu n~-:Jm-s- t11~v1JtViv1J'IJ'W1~ LlJ m n~ '1Je:J-:Jb1'1"S"~'W'Yl ~V1i"S""S"JJ'lf1~'1Je:J-:JU1~1J 53 • 

" 
4.9 fl"S"l'~~ u b1'~-:J fllj t11~ t'J1J t'Yi t'J1J'IJ'W1~ LJJ L~ fl~'Ue:J-:Jb1'1"5"~'W'Yl ~ rl1i "5""5"JJ'lf1~'1Je:J-:J'I.h~1J 54 . 

fl1JGJf1-:J'IJ'W1~ lOK- 30K 



' "" ill'Y'l'tl 

" 
4.1 o ml~ubl'~"J'If111t111vmYiv1J'U'WWl1ml:'lnl:'l'UeJ'Ib1'11eu'Yl1 v1inll'll'l~'UtJ'ItJ1~1J 55 • 

tl1J'lf1'1'\J'Wll"l 30K- lOOK 

" 4.11 ml~Ubl'l"l'lf111t111vmYiv1J'U'WW11ml:'lnl:'l'UeJ..:jb1'11e'W'Yl1 V1i11ll'll'l~'UeJ'ItJ1~1J 56 . 
tl1J~1'1'U'Wll"llJlOn11 lOOK 

4.12 Hl:'l'Utl'lfldllJ!I1 '!iJ1~'il~ij~tlf111l:ll"ll:'l'I'\Jtl'l~~nCJf 57 • 

"""" _I ., _I 'U'Wll"l lK 'Ylllfl1lll1J1~'il 0.01 01JfldllJU1..:!1J1~'il 0.05 • • 

4.14 f111 ti.J1 vmYi V1Ji.J J~E'Yl TI f11'Vl f111 rh 1YI"ltnilt~'Utl'lllJ:IJI1J1'W ell:'lmlYJl:'li\911~'W 59 

'\J'Wll"l 1K ~ijfldllJiJ1~'il 0.01 tl1Jfl1llJUHiJ1~'il 0.05 • • 
60 

f 0 QJ .::::), d. o' .Q, 

4.16 fllf111f11'ill"lb1'11tl'W'Yl1V1i11lJ'l!'ll'l pH 4,7 Ul:'l~ 10 60 

' ' 0 QJ ~ oCi 

4.17 fllf111f11'ill"llfil:'lti'Yl pH 4, 7 Ul:'l~ 10 61 



' "" 1J'YI'YI 1 

1J'Yilh 
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m~1J1'Wf111fl~ \9111VJm\911oJf'WWJfl\J1fl \1~ 1 '*1 u m1n1 ~\Pl NOM v.:J 1 '*i u f111fffllllfiW i:lnl!W~'tlfl'l . 

f.'l'11 DBPs mm!fJV~1'1n'W \J1fl'11'W11i'V'tlfl'l Chang !!~~fiW~ (2001) t~'l11f111fffllll!Wflfl~lJ'tlfJ'I 

NOM aamrlu 3 m1ll~.:Ju~~~milltJdi<t~miPl~u\91fl~1.:Jnu 11Plv'V'l1Jl1millt~ 11Pl1Vl~n~1~1"1fml>l • • • 
(Non-Acid Hydrophilics) tn1Pl1l~n1mn1Jfl~fl~'W t\Plflflflt911Pl'mn~~\Pl ril'Wfl~ll'tlfl'l ~~ 11Pl11'Wilfl 

(Hydrophobic Substance) tm~fl~lJ'tlfJ.:JmiPl'1~ 11Pl1fJ~fl (Hydrophilic Acid) ii111mw~mrk'WC1'1 

l11\911llil1~1J~.:) VI~ fll1 'Vl\Pl f.'l f).:) ~.:)fl~ 1111 .:)~rt ~ ll f.'l'11~'W 'V1 ~ Vll 11lJ'll'1 ~ ~ii'ti'W 1\PlL '11 qjiifl\911lf111 na 

~l'tlfJ'If.'l'11\J1flf111GJ.i1t~fl hfltrl'W'ff11 DBPs 'tlfl'lfl~lJ ~~ l\Pl1VJ~n~ 1~1"1fml>lii111mwf.'l'.:Jf.'l'\Pl~'l . ~ . 
" f.'l'11fl~lli1ii'ti'W1\PlllJ!f.'lf:J~~fJ'W'li'1'1L'l'lqj !!~~\J1fl'll'Wi~V'tlfl'l Gjessing (1966) ':i1V'I1W:H'l\J1flf11':i 

. " ' 
'Vl\PlC1fJ'I 11Plv1'* Gel Filtration i'i'IU1'l'l'l!fl1lJt~fl~'tlfJ'Ifl~lll~ 11Pl1VJ~nl'i1~1"1fml>lii~1':i~'l'lll'IUfJfJ • • 

I & I ~ 

fl11 700 ().:)JJ1flfl11 20,000 \Pl1~\91'W 

y , .dl .d. 0 d .d ..:!/ QJ.q ~ d. tl .q 

'il 1m '11~'~ V~f.'l '111'~~'~ u 'il 'll.Jfl11l.J 'il 11 tlu 'V1 'il~fl'n'hl1 fltu 'ffl.J'IJ ~'~ 'tltl '~ 'ff1':i tJu 'VI 'j v'li 'j 'j l.J'll'1~'~ ttf.'l~ • • 
" ' 

ffflfJ 11.J':i ~ ff'VIll.fl1'V'l fll':i n 1 ,)' \91 NOM 1 \Pl Vfl ':i::anum ':i fl f.'ll'l ':i 1VJ m\91 ':ioJf'U'tltJ'l!! '11 ri'lu l'li 'i':il.J'll'1~ lfi i ~ 



iJ I . )/ 

'1 'Wf11'J N~191tJ 11l 'J~1l1 '1 'W ll'l11l'YltJ1~VeJU~'J 1'lfn1utV't eJ '1 ~~ ~'W fieJll~ '1 'W f11"J1lfu1l'J \lfltufl1'WtJ 1 
q cu q q 

" ' 
eJlltnflu 11nflmv 1 'Wll'l11l'Yl m~ veJu ~ 'J 1'li1i 1uu~~ah ~vnl'1'1 ~niJ u '11~\ltJ 11i n:JJ'li1~!!'11 ~\lfl'W 

q q q 

1.2.1 !~eJftmnn~ 1n '1 'W f11'Jvl1\ll'W 'UeJ\l'J~uueJ' ~191 'J 1Y1 1!191'Ji''W '1 um"J twn'U'Wl~ 

111m n ~ 'Utl\l LYl 'J Bu 'Yl ~ v1i 'J 'J ll'lil~ 
q 

'J~iJU eJ~191'J1Yl~!l'l'Jolf'W 

1.2 .3 ~~elftfrmll'J~ir'Ylli n 1'Wm'Jn1i~LY1'J ~'W 'Yl ~ v1i'J 'JlJ'li1~¢1 1veJ'~I91'J1Y11t191'Ji'u 

Ill lJ! iJ 'J 'U 

' " ' 
1.2.4 tV'leJ'Yl 'J1iJ'U'U l~'U eJ\lb1'1'J~'U'Yl ~ v1i 'J 'Jll'li1~1 uu 11 ~ \lu 1VIu 1mvl1m'Jf1nm 

: CV f d .d I C:. d cf'~ 
1.3 .1 'W 11911eltJ1\l NOM 'il1f1'11'W eJ\leJ! 'illl'Yl Nl'W m ~1J1'W f11'J !Wf1'ff1'JeJ'W'Yl'J tJ tr.u'J~1J1J 

eJeJ'ff Lllclf'ff~el'W f)~LJ ( RO ) tlf)tJ 11Jl'Yl\Pl'ffeJ1Jtl1J'J~1J1JeJ~I91'J 1Y1~ !191 'Jolf'W!lllJ!iJ 'J'W 
'" 

2 

1.3.2 'U'W11Pl!:JJ:JJ!U'J'WeJ~I91'J1Y11ti91'Jolf'W~1~1'Wm"Jftmn11i'w11,000 3,000 s,ooo 10,000 

~ & Gi ~ ~ dc1' .Q 

30,000 100,000 Da !'Wtlfl'nfll t'Uf11'J!Wf1'U'Wl\Pl tll!~f)~'UeJ\l'ff1'JeJ'U'Yl'JtJ1i'J'Jll'li1191 
q 

""' • I "" "" .,j ') ""' 1.3 .3 fl'n£nu'J ~'ff'Yl1i fll'W'Utl\lWeJm eJ\l t\PltJfl'nm 'il1f1 

1.3.3.1 fiwJ~nCJf'~~~~\l (Flux decline) 

.. I d' d d' 0 Q,l 

1.3.3.2 !utl"H"ll''WI91f11'Jf11'il\Pl (%Rejection) 

1.4.1 eJ~I91'J 1Y11tmi''W'ff1lJ1'Jtl!Wf)'U'U 1 \P1LlJ!~f)~'UeJ\l~1'J~'U'Yl~ V1i'J'Jll'li1~1¢1 
q 

" 
1.4.2 er~I91'J1Yl 1!191 'Ji''W LYllJ 1'Jt~nli1Pl 'ffl'J ~'W 'Yl ~ v1i n:JJ'li1~11i'~wiu'Uu 1\Pltllt~fJ~'UeJ\l 

!llll!U'J'U 



0 ~ 9) ' 
1.5 .3 ~1t'U'U fll'Jr1~HH.l~U"~'Jl1J'J l:U'Utl~~ 'il1f)f1l'J'Vl~ ~ tl~\Pl1~ "1 

.:::::. tf fj} ~ 9) I 

1.5 .4 ltm 1~11 u~~~~'l.JH~'Utl~f11'J'Vl~~ eJ~'f'l 'J eJ:U'Vl~'Utl!~'Utltt 'W~I'l1~ "1 

1.5 .5 ~~Yi1~'l.Jtci:U'J1V~ 1'Utt~~'I.Jlt~'U tll'VlV1iJ'f'l'U-fi 

~ 1 ~,~ 
1.6.1 ~1:U1'Jfi'Vl'J11Jfi~'U'U1~ :Ut~f)~'Utl~ NOM 'Vl 'lf'Vl~~tl1J 

q 

1.6.2 ~1m'Jm~11 'ilii ~m~u1um'J~ 1tilu m'J m t~~ttuu er~\Pl'j1~ltl'l'Ji'u 

1.6.3 ~1m 'j fi'Vl 'j 11Jii ~ tJ 'j ~iY'Vl TI m'f'lm'J rh ~ ~ ~1 'j ~ u 'Vl'1v1i 'j 'j :U'lf1~1 ~ ver" \PI 'j 1 

., 
1.6.4 ~1:U1'Jfll '*tllu~t~:u~ i. u m~1Jl'U m1'lli'u'l.J'J ~flt1W1'f'l'l11t~'l11.flfi1J~1.flfl.f11V 1 u 

'U q q q 

., ' 

till vurVi vunu tm ci ~ '111 ~u 

3 



' "" 'U'YI'YI 2 

' ' "" """"" """" ~ nq 1:1 cQH ~: ~ l'h! 1~ ti'YI! flti1"Uel ~ 

~ .d cl ~ 

2.1.1 b1'11ti'W'VI'HJ1i1'JlJ'lfWl (Natural Organic Matter; NOM) 

' y 

b1'11~'W 'VI~ V'li :i HJ'lf1 ~-viiit~ ~1 'WU '11 a ~-w 11i1 HJ'lf1~ !fl~ ~1f)fll'j ~mmmv 
"' 

'1.1 t1 ~ 9f1fl~ 'lf9f1 n tf1'1l'l1 ~ t1 tn~ ~ 1 n m :it~ 1 tyt~ 1J 1 1'1 u~~ m ~ 1J 1'W fll:i ~mJ'ffmv\911'1.1 t1 ~ ~ ~;'V'l ~ 1~1 ~ t~~ 

i'WJ1 NoM ttl'Wt~'Wmfl~P1'1'11tl~~~t~~n1~~t~t~n tmi:'l~~m~~'hfi'ru'Ut~~ NOM t'Wtmci~J1~~fit~ 
q " 

' ,J ' q ' •q -I -I "" "" 'l b1'1'!1'J1t.l u~~ Cyanob(l_cteria 9f~b1'1'W mtyt~~ t'W~u Aliphatic u~~u11fl'~1flb1'11~fl'W'W ~~t.l 
.Q e::J c/ I ~ d ef .:::1 d d _q i ot::::. 

b1'1'Jti'W'VI'JtJ~1fl!!'I1~~'W~~:IJtl~fl111~flti1J'VIL1J'W Vl'Wt!~~fl (Phenolic) i!~~ tl~ t1lJ1\91fl (Aromatic) 

' y 

tm a~n1tU\91lJ1~1fl~ uiiri1u 111~flt11Jttlu b1'11 t!~ hm~ fllllflfll1 NOM -viiitma~ihtu ~ 1 'UU1 
y ' ' 

'Ut!fl~1flihrm'W-Yi u~~tlltJ'Uti~~'W-Yivh'l,rtn~ NOM ~iJ~'VITI'V'l~~tlt!~rl111~flt11J'Ut!~ NOM 1~v 
q 

f SJ t I SJ 

t!~rl 11 :i ~ fl t11J-vi rl1fi' tu'IJ t1 ~ NOM 'l 'W tJ 1 ~b~ 'U -vi Lfl~ ~ 1fl9f1 fl~ 'lf-Yi vl1J'VI:JJtl'W ua' dflfl'lf~~ ~ ritm a~ tJ 1 
" "' "' 

o' d ' y .!, y 

~~iit~>~fl11'J~flt~1J'I1tlm1J'Wm~l'l~1n -Yiii'W 111'1.! n1m~nm!t~v ":f'l~~mv'W 1 l~u~~ !lit~n~~ 1 \9\tJ~'W 
q ~ 

~1~~1n NOM ~t~~humci>~J1m~1~~iimvmn.,cJ1>~l1n~~tlfln1~~ 1~vm:i~~~\91 tiit~~~1m1m cu q I cu (IJ 

1 " " 1 , ' 

tf:JJ~'ff-vitJ11lJ1'Utl1J~'U Aquifer ~~U'U NOM VleJ~~~mtJt~~hn~l~~ttluri1'W-vitlfl~~~~ L~Utlt.l 
"' "' "' 

(Goel u~~mu~, 1995 fl1~G~L'U 11fi~11, 2544) 

NOM i 'WJ1m ml~t~~i u "J11'1Jt~~t~'Wmflfltl~~t~tJ~'I1~tl l u "J11'1Jt~>~ cu (IJ q cu 

-rr11~~mv 11'1t.~~1 111m.Jmfl'ff11~ti'VI1v~~t~nih~~ !¢{~1v 11'1vm~1J1'Wm'J 1flut~nm~~'W vJ~t~fl 
q "' "' 

' ' y 

flm~'W u~~m11'1fll'l~nt~u mi1t~'Wn1Jt~umflv11 111-Yivh i ,rtn~fl11:JJ'li'W l 'WtJ1 NOM ~~mv fit~ 
'" q q 

1:JJmfl~'Utl'lb1'11~'W'VI1v~'ff1lJ1'Jti~1'Wt:JJ:JJt1J1'W~'IJ'U1\91 0.45 l:JJmt~'W ri1'W NOM ~ttlu 
q 

t.;Jmi''Wtt1J1J~1'l,rrtJu111~~tll'Wflm'l(Charge Neutralization) ( Crozes n~~mu~, 1995 fl1~G'l'l'U 

11fi~11, 2544) 
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NOM ff1:Wl'HH!U-:Je:Je:Jf1 i¢lt~U 2 fflU ~e:J fflU~!~Uff1) ~biJn m~~fflU 

~ili'l'lfff1)~JJlJf1 NOM fflU~!~Uff1)~llJf1'il~lJfJWff:WU~ttrJUff1) Hydrophobic hw 

tl'i~f1e:JU~lt! m~~llJf1 m~'W~1n H~~~llJU fflU NOM ~ili'l'lfff1'i~llJf1'il~lJf1Wff:WU~!~U 
q 

ff1) Hydrophobic i!e:JtJf1l1ff1)~liJn1~titJ)~f1e:J'l.J¢lltl Hydrophilic Acid 1tJ)~U m~v~iJ1u 

H~~mf1ut~H~'i\9l(Owen H~~flW~, 1995 ~1-:JG-:J'lu tli)itl, 2544) 1~t!~lltl NOM fflU~!~Uff1) . 
~..::::. .d ... f '.d.\r}''l' c:!,C,), .d ... f 
~l:Wf1'il~:IJ1J)~:IJ1W 45-65% H~~fflU'Yl t:W 'b'ff1)~l:Wf1'il~:IJ1J'i~:IJ1W 35-55% (Hanra H~~flW~, 

1996 ~1-:Ji1~'lu tlihtl, 2544) 

" 
2.1.1.2 iltyl11'il1f1 NOM 'lum~ulUf11)N~\9ltJ1tl)~tl1 

1 u'lfl~H'if1~ i¢liJf11)ftf1'1:111.0 t!f11) fhil~ NOM !fl~ 'il1f11'1'e:J~f11) rh.U~iY~ 
SJ I S/ I 

!fl~'il 1f1 NOM 1 UH l1 ci~t.J 1-vi 1-ff'l Uf11'i N~\9ltJ 1tl1~tl1~~!fl~~1U 1.0 tJ 'l U!~ e:J~ ~f1fJ W~flW ff:WU~'lle:J-:J 
q 

Jl t Jl I I I 

NOM 'lut.J1$i:w'l u'lf1~rivuil fl . fl' .1970 l1~~'il1niru ~~ i¢liJnuf!n£J1i1~1ltym~u"l -vitntJl~v~nu 
.,g li] 31 31 "" 1 <f I Jl1 d .% NOM "lf\ltl'i~f1e:JU t tJ~ltlfll1:W\9le:J~f11'itl):IJlt\! ffl) f1He:Jf1f1t!~U'Yl Ht'l~ff1'iCJJ1!'b'e:J 'ifl'Yl:IJlf1'lJU .. 

" . " 
'lle:J\ItJ1-viiJ NOM fll1:Wff1:WI'itl 'lum1n1.U~ 1~l1~H(l~ff1'iiJU'Yl~ vtntltJ~tJ1 f11'iYll 'l lftn~f11)fl~ 

9/ )I 1 I 

n~vu t~"~m·H~'l.J 119l~U 'l mJ'llv~ttuf1-vit~tJ 'l U'i~uu ~1t1'W 1 1 ~m'Q ·vn~VV1\IV~tjjviJm'i l-ffff1'ie:Je:Jf1 

clfH~Ul1''i~l1l1-:Jf1'i~'l.J1Uf11'itJ1U~ f11'iYll 'l lftn~n~u !W~)ffl uJ1 HU11 i!:w 'l Uf11'i trlmil 

'll~'ll11 ·.:mnn1.0~ff1'itlutrl'm..~~u"l 'luJ1 U(l~f11'itrluff1'i~riv 'l M'tn~ff1'i Disinfection By

product (DBPs) ~-:JtrJuiJtyl11~~1fi'tymn 'l uiJ'iJ~Uu 
tjje:JVl'il1'iW 1G\IflW ff:WU~'Yl1\ltf1i1 tt~~m~ulum'i~'l·~'l u m'iN~\91 

q 

SJ I I SJ S/ 

t.J 11h~tl1 NOM fflU -vit~u ff1'i ~1iJn 'il~iJU'Yl'l.Jl'¥lrl1fi'tumn\91 VUUJl11-vi'il~tn~~unut.J 1tl)~tl1 
u u . . " 

'l u'tlwd1 NOM ri1uVi 1li'liff1'i ~1iln'il~Yi1 'l M'tn~ilturnl9ivflwm'W'W11h~tht!ve.~n11 v~1'~ i 'in 
u q 

\911:W Owen U~~flW~ (1995) ~Al'l.Jll NOM ff1U ~ tli'l 'lfff1'i ~llJf1ff1:W1'itiYl1 'l lftfi~ DBPs 'l U 

tl~:w1w ~liir tl~1fltu u vn 'il 1mf u V\1 m 'il tllu ff1'W rl1fi' tu'lle:J-:Jff1'i ilu 'Y1 ~ Vfl1f uv u ~vv tJff(l1 tJ 1¢1 
u u 

.,g " " 
"lf~Yl1 'l lftfi~Utyl11f11'i!~'l.J 1191~\J 'll1li'lle:J~H'l.Jf1-vit~ t1'1 U'i~U'l.J~1t!U1 

2.1.1.3 ~f1£JW~ff:WU~'lle:J~ff1'i ~hiJn 

( 1 ) 1m \lfffHV11-:J!fllJ'lle:J\Iff1'i ~1lJf1 

ff1'i ~1iJnilffl9l'i 1:wmn" Ht'l~ff\911 1m ~fff1\l~ 1limluvu VV1\I h "' . .. 
n\911:WtrJ".4~tle:J:W~UtlU 1~tl~l ttll1f1'i~~1lJnt~Uffl'i 1'W~!:We:Jf ~tJ'i~f1e:J'l.J¢!1tl e:J~ hll1~f111J 1u 

t:wv{ (Aromatic Monomers) 'lutl~mw\911~"1 nu Chistman U(l~ Ghassemi (1966 ~1\IG~'lu tli)itl 

, 2544) i¢!tffUe:Jl11m'lfff1\l'lle:J\If1'i~~llJf1 tl)~f1e:J'l.Jltl¢llt.Jf1~:WYJ1tlfin~t11(Functional Groups) 

l1t'llt!ml:W t'lfu m~mfuvnc1f~n(Carboxylic Acid) l~~'iflf1clft'l (Hydroxyl) Ht'l~ ~1191U(Ketone) . . " 
1~tJ'WUl1f1~1lYi1tlijmtll.vit1'Jum1ue~n9f~n 1Jtl~mwi1'1 60-90% 'llt~~n~:wYi11lfin~m'I1-:Jl11J~ 
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, v t , 

~~11 l.HY1'J fl1lJf1 ~ ~ih.h ~ 'iHl'IJ i 'W 'lh~ ~hvhe:J'lf'U U~U11i 111f'lf1~ U'l ~fhvhu'lfVi 'ff ~ n11'11 'W u '1~ . ~ 

1 J/ 'J} I 

tUU-!!111~1nn~11Vi11li)iW v1m ri 1ui11 i ,r 'ff1"J il1iJn'1~'11m11 i~~VifiT~!tl'lf~ ~"' tmdifl 11:JJ'ff1111"Jtt 

i 'W f11 'J U'l mtJ~ t'J'W U 'l~f11'J !fl ~ 'ff1 'J tJ'j ~f1e:J'Utl 'IJ ~ e:J e:J'W tJ 'j~ ~'IJ 1f1~ii'ffe:J~ U'l ~ 'ff111 11 t'l'W c; • 
l~t'J~e:Je:J'Wt.l"J ~ ~'IJ1f1~ii'ffe:J '~ 11nl'Uc; ~~ttl'U ri1'W 'tYlflUJ'Ue:J\1 e:J\I~t.l'j~f)e:J'IJ'\1 e:J\I'ff11 ~'U 'Vl ~vi 'UJ1 

• u 

1i'j'j1f'lf1~'ff1111"Jtti111li)f11 t'J1nun~:JJm{uun9fi1n i u 'ff11 il1ilni11 i ,r11 "J~ ~'Ue:J~'ff1"J g1iJniifi 1 

'1~'1\1 (Hanra tm~mu~. 1996 ~1\IG~i'W t.li)~t.l , 2544) 

Sl <£1 i .... l.c::t. ... 1 .c::t. ~ Q.l 

Stevenson (1982 e:Jl\ltl\1 'W ut]~u, 2544) e:J1i'IJ1Vm'lf1'l:IW~ 

'l Sl "" "" I ~ 'l 'l .J ,j ' .J IIJ.I"' 
t f1H'ff'J1~'Ue:J\If)'j~ ~11ff111!1J'U 1\I'Ue:J\1 tlJ!'lf:J'l'ff1t'Jt'J11"1 tlJI'lf:J'lCJl'\lt'lfe:JlJ ~1f1'ff1'U 'YI'U \I'Ue:J~1\I t uV\1 

I I 'J} I I 

ri'H.J fl'W"l f111 t~e:JlJ'Ue:J\11\IU e:J1 ~ t~e:J11111~ 1f1'W''W 1i~'J~'I111\I ri1'WVitiJ'U Hydrophobic 'Ue:J~ llJ!'lf:J'l 

t'lf'W i~ 1mm{uuu U'l~ri1'W~ttlu Hydrophobic ~'W"ltl'IJri1'W~ttl'W Hydrophobic (n~:uvh 
I jl )I jl 

t.li)mt'J1Viihi1) 1~mf1~~'W i 'Wff1'J'l~mvi'W~'W 111mn~~u 1~v\91Hnur::i'J'Ue:J\Itd1i119J i u~u 
" ( 2 ) um11n1:ut'ln'l'Ue:J\I'ff11 g1iJn • 
" U1'11U f1 llJ l'lf:J'l'Ue:J\I'ff1'J g-:JiJniifi1f11'1\1111f1 Gjessing (1966 ~1\IG\1 

" 
i'W tJi)~tJ, 2544) 'J1t'J\11'U~'l111f1f111'Vl~'le:J\I hwi.ff Gel Filtration G\IU1'11Uf1l111'1f:J'l'Uel\l'ff1'J fl'JlJ 

n11iifl1'J~'I111\IUeJVf111 700 G\1111f1f111 20,000 ~\lfl1J1'11Uf1 l11Wf:J'l~i~v\I~'Uel~tl1Jl~~·Hi'W 
" m':i1tm1~M~1v t'lf'W u111'11n 1:un'l'UeJ\Im~il1iJn 1~vm"Ji.n~'Vl1\ltf1ii'V'lu11iiri1t.l"J~111w 1,300-• 

,. ~.:::1 .c::t.d ,:::! ' "1 
13,000 t~V11i Osmometric Cryoscopy U'l~11i Diffusion U'l~ Viscosity :um 700-26,000 tm~ t~V 

1~ Ultracentrifugation tm~ Light Scattering iifiwvhnu 30,000-80,000 ri1'Wm~.W'l1n 'V'l'IJ11 
" . 

ri1'Wimuiifi1um'l1n l11nlf1'119111l1~111W 200-1,000 (Gassemi tm~ Cristman,1968 ~1\IG\Ii'W 
u • 

t.lfi~tl, 2544) 

" " 
m1111fi1'l1m'l1n 1:uwn'l'Ue:J\I'ff1"J il1iJn 'ff1111':itrvh i~ml uuu~u • 

" 
t'!f'U Hassett !1'1~ Banwart (1992 ~1\IG\Ii'W tJi)ltJ, 2544) i~'ff~1lfllU1'11Uf111ft'lf:J'l'Ue:J\Im\Plfl1lJ 

" ni1iifi1m1i mh\1 2o,ooo-1 ,360,000 u'l~U1'11Uf1 1:umn'l'Ue:J\Iml'l.W'l1nmJi mh\1 275-2110 
~ . .... 

2.1.1.4 m~'IJl'Wf111~i~ih~IPl NOM 

( 1 ) f111fh~~ NOM ~'JVf11':it~11tJ1~ff'Vl~.f11'V'l 

m~'1Jl'Wf11"J 1f1t!tlf1m'li''W .... 

m"Jrl111~ 1~v11tl lt'J\11'U'Ue:J\11l1~t'Vlfl''ff'11i'~ut:JJ1m mt'Ji~~u The 

National Organic Reconnaissance (NORS) "J~1J11f11'Jtl1~\Pl'ff1'J NPTOC l\Plf.lf1':i~1Jl'Uf1l':i 

Convention Treatment ff11111t1'Vhi~ 30% l\PlVf111ii''ff1':i~11\91111~1Vf1l':if1Hl\1~1V'Vl':i1f.l'ffllJ1':itl 

tl1~\Pl'ffl1 THMP i~tJ"J~111W 2 i'W3 (Symons U'l~f1W~,1975; Oliver tm~ Lawrence, 1979 ~1\IG..:J 

1u tJBlu, 2544) 



Kavanaugh (1978 eh:Ju.:Ji'W u~tu, 2544) hi\11fll'l~fl'141U.:Jfll':ii~ 

fll'lt~lJU'l~irvl~fll'V'lfl'l~Ul'Wfll'l lflUt!flfltCJ<if'Wi'Wfll'lfll~11 Cl'l'lTHMP UCl~~ntJ-hiJ~~tl~lJ~ICl 
~ . 

" ~t!U'l~ff'Vlnm'V'li'Wfll'lfll~1lffl'l THMP ii~.:J\'Hiv 
" 11 'il~ tJ'VlVlflltJfll'V'l D'l~fltJU~ltJ fll'lP-lfflJ'Ii'Wu 'lfl'llt!.:Jffl'l 1 flUt!flfl 

~ 

UJ;J'I-Jl;' ffflll~i'Wfll'lfll'Wi'Wf:1.:Jf1l'Wi'1UCl~ fl'l~'Ul'Wfll'HWfl'l~l'fll.:J'IJtJ.:Jt!~.:Jtl'U'IJtl.:JI'I1Cll 

P-lCJ'IJtJ.:JiJ'il~tJ'VlNtflii ~l~ttJ'lf~mm~ Cl'lJ mii'W'lfl.:J 5-6 ~h11fu 
~ 

'l "''l ,31 31 i d... d 0 "' 

fl'l~Ul'Wfll'l ~ fl!WflfJtel'lf'W ~ 1ltl '!fel'l'l Cl'lJ 'W'IJtu~'Vl'V'lttl'lf'Vll'l1lJl~fflJCl'l'I111Jfl'l~1Jl'W fll'l 

tfluvnmCJi''W 1~v Fe
3
+ ii~li'W'lfl.:J 3-5 uCJ ~'W'U1115% 'llt!.:Jm1lihilnhif:mnl~fl1fltJfll'li~ 

~ ~ 

I ~ .<:::::). ~ i 3/lr) 3J .... ( rf d t/ o QJ I CV 

flllfl'lflffllJflt'WtJ '11 tfitlJtJ'l!Clf'WI'lfll'lfll'il11 80% !'Vllfl'W 

fllllJ~tJ.:Jfll'l 1 'W~tlJtJ{ nn tnfi'IJtJ.:J'VJ~vfl '1 'W Cl'ml~~ 1l.JiimllJoU'W • 

31 <!I "' I"" _, -I """' Crozes UJ;J~fltu~ (1995 tll.:Jtl.:J t'W 'L!JtlJ , 2544) Cl'~lJP-lCl'IJtJ.:Jfll'll'iltl 

t~tlt~lJU'l~ff'Vl~m'V'l'llt!.:Jfl'l~Ul'Wfll'l tfltttlflntCJ<if'Wi'Wfll'lfl1~11 NOM 11 Cl'l'l tflt!tlnnttCJ'W'fi'~ 
~ ~ 

t~'W1il~m~n t'lf'W FeCI3 iitl'l~ff'Vlnm'W~n-llffl'l~lJ tfltJ~l~W'lfi'Wm~ul'Wfll'l tfltWflfJtCJi''W 

' " t~'WiJ'il~mhfi'tyi'Wfll'lfll~~ NOM tiJvii' FeCl3 tlJ'WCl'l'l 1flUt!f1fJUJ;l'W'fi't1JtJ.:J~'W 1~tJfll'lDfmil 

Vitt~'lfi,rmii'W'lfl.:J 6.0 +0.2 'il ~ ffl:IJl":itlfll~fl NOMi~(i.:J 65% UJ;J~J;Jfltl1mru 1f1Ut!f1nttel'W~J;J.:JU.:J 
~ - ~ 

60% u~m.h.:J t 'ln\911lJfl1'l tvilJD'l~ff'Vlnfll'W'IJt!.:Jfl'l~Ul'Wfl1'l 1 flUt!f1fJUJ;J'W~tll'il 'il~ tll'Wt!tVitJ.:J i 'W 

fl1'ln1~11 NOM t~t!fllUfJlJU~lJltuCl'l'lDBPs (Jacangelo UCl~fltu~ ,1995 eJ'1.:Ji1.:Ji'W tJ~ttJ , 2544) 

( 2) m'lnl~fl NOM LfltJm~Ul'Wfl1'lflfl~fli'hm{uvwtuum~fl 
~ 

31 <!I i -'"" _, <!I Me Creary !tel~ Snoeyink(1997 tll.:Jti.:J 'W lJ!)tlJ, 2544) fl'fl'l:llP-lCl 

'llt!.:J!flil mrw'W 'Vl ~ 6 !tel ~Vitt!'lf~t!fll 1 flfl ~ fl ~l'IJ t!.:J NOM t1ltJ'WU 11 fl11 tvi lJ fll'l fl fl~ fl ~l'Ut!.:J m fl 
~ ~ 

~CJin~ii~W'lf~l!~'WP-lCllJl'illflfltufflJU~~ NOM iifllllJ!~'Wmfl~t!'W 111Vfl11Clf!Cl.:J'Ilt!.:J~!tl'lf<th • 

NOM fidj'W 11 'il ~ mhl'lru~'l 'il ~ t ifu 1 ~11m~VJ J;Jin~tn~ 'ill nm1 mnvi?11'1J tJ.:JoW 'lil'lfl ~~ ~lm{u vu 
u ~ 

U'U'Utfl~11 i~~n11m ~ ihiln~ii'llltJmil'lllJVJtJ.:J~m11 UCJ~mflgliJn~m'illfl~l.! m1 '1 ~ 
~ 

m~Ul'Wfl1'lfl11~1l~lm1uvuuuum~~ ium1n1~~ NOM mh.:Jiiu'l~ff'Vl~m'W~v.:J't11m'l~mn 
~ 

tl d I I 0 Q.J ~ 'J) ~ 
i'WCl'flll~tl!'Wl~'UtJ.:J NOM UCl~fll'l1JtJ'WU1J1Jtfl'lfl i'Wtt\91Cl~Ul'f.:J l11tlf1111J11J11!1Jtl.:J\9l'W l'f'ltlf11'l 

tlfuu1 .:Jfltu fflJU~'llt!.:J NOM 'il~ ffl:IJl'lt1J;J~rh 1 i'~1tJ '1 'U fll'S' 1 i'm~'U1'U fll'j ~~~~~1fllS'UtJ'Utt'U'U 
q q ~ 

1fl~1li'Wfl1'lfll~~ NOM 1~ (Jacangelo UCl~flru::: , 1995 t1'N(i.:J't'U D~tD, 2544) 

7 
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( 3) f111tl11i'~ NOM i~v'l'*m~1J1l..!f111L~lJ iv lttfl-.1 

fl11fl11i'~ NOM i~v'l '*m~1J'Jl..!f111 L~:U lV lttfl-.1 1'fi'iJm1'Yl~"V..:J i'* 
' ~ 

m~1J'Jl..!f111L~lJ lV lttfl..!L~V"~ NOM ff1'11f1J h\IH~I91Ul1h~1.J11Jl\IU11\I'll-.!1~\0\1J Pilot-scale 19111-l 

" ' 
191111\l'ff11.JrJ(l1J1flf111'Yl~(JV\I\Ol\lf1ri11 l~rJVl 1111U.!10..:Jf111(1~ 'ff11 THMs -.1-:J'\11-J~L~V 'l '*LTi:l1fflJ~'ff • 

91 .:1 'l .I"' .I 11J 91., d 
Umphres, 1978 'eJl\ltl\1 l-.1 11mu, 2544) ~~~\1191111\I'Yl 2.1 

mmwle~lttf-uffl'lf', " 
' fJW.fll'Wth 1'e~f.l~~m ·nt~m·mw 

"" tftll'U'tl " 'IJfl/~ TOC, '1-Jfl .f~. "" 
.., 

'VHCI'If THMs 'tl\I'H'IJ~ 

Owens River 1 1.3 8.3 78 

Lake Casitas 2 3.5 8.1 6 

Columbia River 0.4-0.5 2.4 8.0 16 

Ohio River 1.0-8.0 3.0 7.1 46 

Bay Bull's big pond 1.0-3 .0 - 5.7 27 

Mokelumne 2.0-6.0 2.4 9.2 62 

Middle River 2.6-11 .0 3.5 7.3 32 

~'IJl : Trussell U(l~ Umphres ,1978 ~1\1~\l'll..! tJ~~tJ, 2544 

rlmf1Jtl111i'v~m11ii r~"l?imn11J illm.lu vu 'lum1 fi11i'~m5~vh 'l -H'tn~ THMs 

iJ 5 tl111i'rJ ff111i'1Jfl11'Yl~"V..:J~UI91f119i1\lfll..! (Trussell U(l~ Umphres,1978 ~1\li)\l'll..! tJfi~tJ, 2544) 

5/SI aJ~o .c::t. dtl ...:::. 
- fl111J 1'\JlJ'\Jl..! U"~fl tu 'ff1J1JGJ 111!'¥'11~ 'IJV..:J'ff11 Vl..!'Yl ~ rlli~ ~ 1J 'lf1191 • 

" 
- fltu 'ffl-loU~'Yll'ltfllJ'IJV'I'ff11 ~l-.1 'Yl"1v1i~ ~1J'lf1~'lu'111 • 

' QJ Q.l QJ' ~ d. 

- fl111J Ul91fli911\I'IJV\I nm 'fflJ H'ff'\1 "'1111f1fll ~ !1911-Jfl" m l-.1 

- fi111Jri1'*1~~11l1\ILJ(lltl.Jf11~L~1J lV ittfl..!fl1JLJ(lltl.Jfll~L~1Jfl(lfl"1l..! 

v~1\li~~I9111Jf111t~1J 1v ittfu~mm~mn~ DBPs i'fi't'lfunu 1~v Najm tm~ 

Krasner (1995 fl'1.:~i1.:~'lu llfi~ll, 2544) fffl'l:llri(I'IJV\1 Br. 'lutJ1mtu~'l1l~Vh1'11'tn~ l1J~IlJ'Yl 



9 

& ?I I d "' " I"" 9) "' .. 1 1 9) : "" I d (Bromate) GJl'~tlJ'iHYl'JfHJlJ:::tH t'UlJ'JlJltlHH~1V.fl1VlH'l~fl1'Jt\9llJ ~ GJl''U ttfl~tll'UllJfll TOC ~..'lfl 
'" '" 

1l~t~lJU~lJltl!f11llJ~~~nn 1~ 1GJf'U ~.:J11~.Yh 1 ,rt~lJU~:!Jltl!fll'J!l-1~1911 U'Jtll'Vll"i'1m'lfuti'u 

... IV d y d. 0 QJ 1 I 

~llJ't1~~ttfl~'IWt~V'tl~..'lfl1'Jfl11l~ NOM ~wm~U1'Ufl1'J\91W'l 

(Marsono,1996 fll.:Ji1~1'W uih;u, 2544) i\Ol'\Pl.:J191l'Jl..'l~ 2.2 

" GAC 1mJ'U\9lau~am 

" 0 

- ~lm'Jmh~~~l'JU'Wtllauvul"i'1v o'lfum 

CJJlttlJfl~) 

0 Q..l d ~ : 

- ~llJl'Jf:lfl11l~~ flfllJ ttfl:'J~ aan1llfl'Wl 
9/cZ I .% 9)9) 

- ~llJlHl hntl'W~lHJlt'lfa hfl ii'1~1V 
0 ... I oC:to d. Cl" I 

- ~llJl'Jf:l'YilfllV~l'JlJ'J~fl~U~'U'Vl'JV (t'lf'U 

~'U~fl) 

" ih iliiill-lfl~~'J:uu 

.d 91 & "' .1"' .I 'tn.n : Marsono,l996 .m~f:l~ t'U lJ!j~lJ, 2544 

- U'J~ir'Vliixnwlum'Jrh~\91 

'VW l '*-~l~Vfll~~THMs 1~ 

<60%ttfl~ DOC<50% 

DOC<50%,THMP 29-56% 

-1i'allf11'Wm'J'H~~~ffmnmvn~ 
'" 

0 Q..l - l.rJ ~ y 
- fl1'H11~1'1 Br tl'l'Uav 

- ~lm'Jm~hu~fi1mti'u NOM 

"' ?I tfll'ltlJ'U Ozonation By-product. 

- .Yhuijfi~rnti'u NOM ttfl~ Br. 

"' ?I tfll'ltlJ'U~l'J Brominated By-

product 
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~ ' 
1 'U ~~1J1J Hil~Ultl~flWl ~'11 ~1Vi~fi1 ~1 'U fll~ fll~\Plffl~~'U'Vl~ V1i~ ~:U'lf1~1 'U 

~ 

u11rl.:!'W1 t'!f'U 1 ~i~ tflue:~nm~i''U~-;wtrl~tflii m~\Pl\Pl~1J~-:wH.:!ci1'Um11Jfl'U u~~t:u:utu~'U 
~ ~ 

f I I J,/ I J/ 

Vl~t~':ii''U in~.:!mh:~Yi'l ~1 'Ufll~n1~\Pltrl':i ~'U'Vl~ vYiiie:~v'l 'Utt11 cl.:!U 11in:U'lf1~rwa'l M'u 1ilmutnw 
~ q 

av'l 'Utmu cvl:U1~ ~il1'U mJ tflfl'U~ln fl 
~ .. q 

'i:Y1':i~'U'Vl ~ V1i~~:U'lf1~ t1J'Utr1m~'l1;1-:!~l111 M'J1~mum'Y'I'hi1~m~~:u1'U 
q q .. 

fll'il 'il~ti!'Utr1l'l1~'11;1-:!l111 M' J1l:Jir '11 ~mil'U trlt11 ~l11'l M'J1~fl11:U~'Ul111 M'mum'Y'l 1li1~m~~iil'U 
q q q q 451 

~ ' 
u1 1lit11e:~t11flfl1Jnflfl'l1~ e:~m'il 'il~ 1 11~ 1:ul'i1nutr1~'lf-u~ v'U lfl\Plti!'Utr1~ er'U ~~1V~fltr'llfll'V'I:U'U1:1 v-

• q q 

~.:!~1ti!'U~fl.:!lim~u1'Ufll~ 1 'Ufll~n1~\Pltr1':i ~'U'Vl~ v1i~ ~:U'lf1~ 1 'U~'U~fl'Ufll~Hill'ltf1tr~fll\Plt~v 1 ~ 
' ~ ' 

~11tflfl'U nflfl'l1 ~ Cl i ~1 'U ~\91 tl1'11 m~:u~ 1.:1'1 Yi ~1lil'U 'il~~ fl.:) i ~'1.1 1YilJf,JU!fll'V'I~ .:j 

(4) ~'lfu~'l~tiJmi'1U'Vl'Ui'Ufn:i'!JIP111~:JJlU!'llfl\l NOM 
~ 

rh11~muttr1~~'U'Vl~vm1ua'U'l1\l'I1:U\Pl TOC m1~fi1 uv 254til'U 
' ' "' 

'V'I1~1iitl'lfl1Yi1 ~ti!'UI'i1U'Vl'U Yi~i 'U m~11Pl11~mut'lle:J\ltr1~ ~'U 'Vl~ V1in:u~n1~i 'U '1.1 1 

m~11Plfi1 TOC ti!'U m~11Pl11~mut m~ ~'U 'Vl~ V'Vlf1'lfUIPl~ilv.:Jfi'11~~ne:~u . 
='I " dl_l ';IJ " "' """ "'1 !IJ'U1i110Jfll~'UflWb'\llJ~~f1fl'lJ\Pl1V tl1~fll~'Ufl'Utl'U'Vl~V~~mv (Dissolved Organic Carbon '11~tl 

DOC) ~.:Jti!'U TOC tr1'U~H1'Utr1~mv.:!~iJ'l!'U11PltL1'w·h'U~w1mn\l'lleJ.:!~mv.:J 0.45 1:umv'U 
~ do' 11 ..:!{ ..:ti c:. do' 

fl'4fllfl'llfl\ltl1~fl'U'Vl~Vflll'Ufl'U (Particulate Organic Carbon '11~fl POC) flfltl1~Cl'U'Vl~V 
' ~ ' 

m1uv'U Yi hi~~mv'W 1 u~~o ntin t\PltJtrnmv.:JYiiJ'll'U11PltL1''U H1'U fl''Uvnm.:!'llfl\l ~m V.:! 0.45 
~ ~ ~ 

\q rl .c::t. d tl ,.:!f. .o::!t oQ ..::1 d' 
t:Ufl~fl'U ffl~fl1~1Jfl'Ufl'U'Vl~tl~~l'l1tl (Volatile Organic Carbon '11':ifl VOC) flfltl1~fl'U'Vl':iV 

, .d "'IIJ';l} 0 ... 'i Gj';IJ 0 , 

m~'Ufl'U'VlffmtJ\911 t\PlU~~~fifll'il\Pltltlf1 t\Pltl Gas stripping flltl tl'ltlfl11~'il1t'W1~ u~~tl1~fll~'Utl'U 

ii'U'Vl~Vfl\ll'i1 (Nonpurgeable Organic Carbon '11~V NPOC) fimh'U'lltl\l TOC ~1li~fifl1~\Plfltlf1 
'i """' t\PlV11i Gas Stripping 

Edzwald u~~flut~ (1985 ~1\lii.:Ji'U 11iht1, 2544) 'V'I'U':hfi1 UV 254 

t1'.h-JI'i1tl'Vl'U~~:U1f1 i 'Ufl1~l1Pl11~mut Nonpurgeable TOC (NPTOC) u~~tl1~~l111M'tn\Pltr1':i 

Ll'l':i~ll hiJt'Vl'U(Trihalomethane Precursors '11~fl THMP) t\PlVeJI'l':i1tl1'U':i~'l1";i1-:!fi1 UV254 nufi1 
~ ' 

TOC V.:!ff1:JJl':ifl'l~'l'Um':i'UtJf1~mJut~ff:uu~'l!V.:J NOM 'l'Uu1L~ t\PltJ'lJVf1G.:!':i~~'lJfl11:ULli~:ul'i1 

'llfl.:! NOM (Goel u~~flut~, 1995 t1'1.:JG.:Ji'U 11~~11, 2544) 

m':ii'IPlfil UV254 mff'v'l1~f1m':i'Vi11 ff1':i~'U'Vl~V~ti!'Utrnv~ hm~n 

'11 ~ mil'U ~1~ ~ iJ~ 'U 1i ~ '1'11\ltfl ~tilm~'U 1i ~fi 'il ~ tr1m 1 fi\Pl\Pl n ~'Uu tr \l 'l 'U 'lf1.:~fl 11:u tJ11fl ~'U 'l!V\l f.:~ iY 
~ ~ 

eJ~I'l~1L1ivm~ 11Plm'Q'V'I1~~fl11:UV11fl~'U 254 'U11'Ut:UI'l~ ~\ll111M'm~11Plfi11Pl\Plf1~'Uf.:JiY 
~ 



'3J "~"' .1"".1 11J'3J .I 9'3J• "'~ 
Eaton (1995 tiNt'l'l t'W lJmlJ, 2544) tfl'ff1IJ!!'H'l'illf1f111 t'lffllf111~flf1C'I'W 

Q.I.:::!Q.I 11]1 <Q .c:~d'q: ~q!VG ~ct & q31d, d 

HfftJC'Ifl'Jl n tl!C'I~'Utl'lffl1tl'\...!'Vm.J t'W'Wlt'V'W t'lft11'W11ill1~1il'W 9f'!Ufffl'l t'Ht'I1'W1ll.J 

f111llffll~'Wlimhnnm1m.J1mru'ffnii'W'Vl~vm1uv'U ~ THMs tm~rY11~'YhiM'tnf1 rY11DBPs 
I j} )I r 

'lftJfi~'W"l 'Wt~f1'illf1Uil'l i '*m1fl~f1ft'U i'..:J~5"~11 ~h 1m"~ i '\..Jf111~11'ilrYt~mllt~vvh.Jrimmvf1ll1 
"' 

' jl I jl (/ 

m11-:Jn 2.3 f1tufll'W'Utl'ltJ1~1J'Ylfflll11t1 i '*H~~U11h~tl1 (tf1~V'lfff1~ flflllE'U h'ilt1, 2535) • • 

.. 
..., 0 "' 

~ fl 'l:Hl.!~ '1.1 ij.:) tAl fl 'lJ 

d I d 

r1, '11 'U 1Vff 

d ~ ~ 
'Ufl'!U'U.:J"~mv'Wl (TDS), llf1/"m 

t'UlJ'W , l.Jf)/~~'j 

1fl~~t11ll, ~l'W1'WI'it! 100 l.J". 

Zine, l.Jf1/~~1 

Copper, l.Jf1/~~1 

Manganese, l.Jfl/~~'J 

Iron, llf1 /~m 

Lead, l.Jf1/~~1 

Nitrate, l.Jf1/~~1 

Ammonia, l.Jf1/~~'S''Utl'l N 

TK.N, llf1/~~1'\Jtl'l N 

Carbon Chloroform Extract 

BODS, llf1 /~~~ 

COD, llf1/~~1 

300 

1,500 

1 

1.5 

1.5 

5 

50 

0.05 

45 

0.5 

1.0 

0.5 

6 

10 

75 

500 

'j) liJ '.1 d 
~'e)'! tl.J1J'jlf1!Jti1'W 

10,000 

5 

1.0 

0.05 

0.3 

0.05 

0.5 

0.15 

11 
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~ ' d ~ ~ 
fl':i~1J1'Wfll'Hlllll1J1'W 11ll1Vfl~ fl':i ~ 1J1'Wfl1Hll~'l 'YlfllrWWeHlllll1J1'W (Semi-

" 
Permeable Membrane) i 'Wfl111Wfl'ffl'Hl~mveJeJfl1llfltJ111~eJ'lHl~l11"1 i '*m ~<U'mi'W i'Wfl11 

..,; II) 'I 'jld< I ..,; IIJ. I "' I II) 'j/9 " I 'j/ 'j/ 1 II) I 

tfl"eJ'W'UeJ~ 1111 !1195ll~l'WWmllllt1J1'W tlJH"~flfl'ffl1\9ll~'l n t'W1ll'lleJ~'ffl':i"~mm'llJJ'U'W tl9l!'J 1JJ 
'U 

Vtmiii'~l'W hJLJi' 
f jl j} I 

fl':i~1J1'Wfll':illJJJ l1J':i'WYii'*i'Wfll':iiJTUI91UlH" ~ Ul1irv.Yhhfl'\1)iJ 4 H1J1J ~el Reverse 

Osmosis (RO), Nanofiltration (NF), Ultrafiltration (UF) H"~ Microfiltration (MF) 



l'll'aH~ 2.4 1'l1~V'l.J1Viv'l.Jm~'l.J1'Ufll~UJlJ1'l.J~'U'lfU~~l~'l (Zeman and Zydney, 1996) 

Process 

Microfiltration 

Ultrafiltration 

Materials 

remover 

Ul:l~'ffl~U'll1'Wmw 

'U'Ul~ 1 '11tY 

" "" 

Applications 

'Yl~'\1lJ~ 

fll.ij~11i'br, 

Transmembrane 

Pressures 

kPa (psi) 

69 - 173 (90-25) 

13 

brllU'U1'Ul:leW, 

t'l.J-:i~U, fll.ij'~'ffl':i tt'U1Ul:l~tl 103- 690 (15- 100) 

Nanofiltration 

Reverse osmosis 

" . " 1~~ 'il~'U'Yl~ vVi'tJ'W1il~'W • 
: ~ dci 

1'Wt.Jl Ul:l~brl~~'U'Yl~V 

llJll:lfll:l'U'Ul~ 1 mu . " 

~ .:::s d'dc: Q.l 

'ffl) ~'U 'Yl ';j ti'YllJ'U 1'11 u fl 

tll 11:1 fll:llllfl ni1 • 
200-400 ~11:11'i'u 

'11~~111mwm~ 

... "" " 'ffl~~U'¥1-:i V111:1 ~brl~ 

~iJu'Yl1 v~lillJ11:lfll:l • 
'U'Ul~1'11t1]fli1100 

~ll:ll'i''U 

0 Q.l d 91 
m'il~'ff ,f111l.lm~~l~, 345- 1550(50 - 225) 

l:l~t11mw'll~ -m~~ 1l.i 

" " 1:1~mmhn~'11ll~ 

" thilvn~'l.Jm1 ~1 11l-i, 

m~'l.J1'Ufll~H~IP'Im'l11-:i 

. " 
tJ ~ ~ lV'lfU 'll ~~ m ~'l.J1U m~ tllll1 'lJ ~ 'U 1ijm 1.J1 v'l.J 1 fiv'l.Jn'l.J1 'Yl fll 'U hvnwth~~tht 'l.J'l.J 

" dcv d~ 

ti~~lJ~l (Anselme lll:l~fltu~, 1993) lJ~~'Ufl~ 

?I & I "'~"" ""~'It - 11J'Ufll':i m~~9f~Utlfl~~fl~tll~'fflJU':itu 1'1-:i ~'llllJflUfll':i m~~u'l.JUIPI~fll~ ~ u"Uum ~~ .. 
" . 

- fll':i 1Wfl'U~~a~~~~fl'illfl'U~~1'111:11Ul:l~fll':i ~11~~ hfl 1~vtl.iiJm-:i t~lJb1'1'HfllJt'WlJ 
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Ql QJ I IJ) ..::::::. o Q.l 

- 'ti'U 1~ m~'YI~ ':i~ ttrt~'b'1Vrt~~'U'YI'U fll':i t~ 'U ':i~1J1JUrt~Ul':i 'l':i fl'il1 • • 

- fll':i l '*tfl ~tJ'l ,Ym u 'YI'W fl1':iVJ1'11'W'lHJ'llJ'W1l6 • 
i/ I I j/ 1 

- fl tl! m 'W 'tl t1 '~ thVi ~ 1 u m 1m t1 '~ fl '~ Yi u" di mum 'VH'l' '~ u ~ 11 fl tl! m vH m ci n1 mJ ~ vu 
q q <u q 

"' " iJ 'il ~uuih~lJlJfll':i l '*m~1J1'Wfll':i t:IJlH1J':i'U l 'U fll':ill ftJll ~ 'lfJtl!fll'VfW 1U'YI'U 

fl1~1J1'W fll':i -eJ'rt~ ':i 1~-rtt~':i'lf'W (UF) t~'U m ~1J1'W fll'j'YI1 'lflltlfll'W tllfte!tt 'j 'llil'W Yi ~ 1 

t~'WU 'j 'loU1J\il'U l -H''tltJ'lt11rt1~1'W'lftJ'll1'l'tltl'ltlJlJt1J'j'U l 'W fll'j Utlfltl'Wfl1flU'ti1'UrteJV~lJ'ti'W 1~ l 11tU 
• u 

~ .:::!.:::i .:::!~ d dov 
'j 1lJ'YI'ltt1Jfl'Yit 'j VUrt~ ~rt'b''Wtl'W"l tltlfl 'il1fl'tl eJ'lt11rt1 m~1J 1'W fll'j UF tU'W m~1J1'W fll'j'Yirt'1flty 

.J .Jt dcv ~ : 1 )t .d <V 

m~1J 1'W fll'j 11 u 'l t'W tJ'l 'il 1 fllJtJm 1m 'j Nrt ~ u 1-rt' 'lf111m ~1J 1u fll'j t:JJl.J t 1J 'j'U u 1J 1J eJ'W 'VI fl 11:w~ u 
" !V I " j I 

t~v1nu 'l11Yi~1'Wfll':im tJ'llJfltl!.fll'W~fll1tJ1Yi il'i' 'il1flm ~1J1'W fll'j twm1'1 i 11 t'lfu fll'j~fl~~fltJ'W . 
.d.:=!,' dfJ} d ~ct:'Gi I d 

fll'jt'J11V'l11'Wfi''WV fll'jfl'jtJ'J'YI'j1eJ tU'W~'W 'Wtlfl'il1fl'Wrt'1':i:Wrt'W'il t'U'U1rt'1'W t11UJ 'il~:JJ'ti'W1~ 
" u 

2.3.1 flrt lflf11':iVl1'11'W'tltJ'lm~1J1'Uf11'j UF 

flrt i flfll'jVJ1'11'W'tltl'lfl1~1J1'Ufll'j UF 'il~U~f1~1'l 'il1flfl1 ~1J1'W fll':ifl1tl'IU1J1J 

. " 
1i'j'j:IJ~1 (Conventional filtration) fltl '1u'j~1J1Jfll'jfl'jtJ.:JU1J1J1i'j'j:IJ~1 ditJ1lciav1,rt'hi11-rt~hw 
" ' 

'lfum tl'l tJ'WfllflU'ti1'U rt tJV'il ~tlflti1,Y~ 1~ V'il;;;~~fi'1'l tJVYi P'hmJ 'l'tl tl'l rt'1'j m tl'l (Surface filtration) . " " 
" 111tJ~~fi'1'lh.t'lfumtJ'l (lndepth filtration) ff1'Wi'W UF t1'Y.fllfltt'ti1'WrttJV111tJrt'l'j~'U'YI~6 'il~ 

" tlflfh,Y~ 1~tJ'il~~~ll1'ltJVl 'U 'JftJ'll1'l'tltl'ltlJlJt1J'j'U t~tlflflrt lf1Ul1 "flrt iflfll'j Utlflrt'1':iU1J1Jfi~ 
" " 
'ti'U1~tl'W.fllfl (Sieve Mechanism)" 'ff111f1Jrt'1'j~'U'YI~6 t'lf'W 11l'j~'U U1Jf1Yit~tl tl'W.fllfl • • 

" 
U'ti1'W rttltl m 'iltlflti1,Y~I'i'1Vflrt iflfll'j~~~~~h'YI'W

1

1'tltl'ltlJ:JJt1J'j'U 111 tl.flltl '1 'W 1 fl Hrt'r 1'1 ~'Wt1Vtl1J 
" " " 

1Lr~~i'*Vi1tlJlJ~1J'j'U fitJ irt'~'b'U~ Hydrophobic 'il~lJrt'lJU~i'Wfll':i~~~~rt'niiu'YI~6rt''l Urt~ 
q q cu <u 

" ' tltJ:Wl-H't11iml~1'Wil'i'utJtlfll1'b'U~ Hydrophilic (tYivtJYi MWCO t~t11tl'W) U~'il~ntJi,rtfl~fll'j 

tl~~ 'Wtl.JlJ t1J 'j'U . 
"" o "' 'J} 11J d ~I 11).111) 'j} "" 

~rt'b''Wtll'il\)flfll'il~~1Vf1rt tfl'Yitu'U tu !~ (Jacange1o Urt~flW~ , 1995) fltl 

- fll'j tm~~~'tltJ'ltJ'W.fllfl~'ltJVl mf1~1Jurt~rt'1lJl'jflflflti1,Y~ 1 ~ e~tlJlJt1J'j'W il'i' . " .. 
" " ' 

- m'i ril,Y~ 1 ~vm'i tfi~'lfutr1n~uiiN111u 1'tlt1-:Jt:w:w t 1J'Ju 

--
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"''i .Ja..o I 'i 11}1 3131 'i 
- f111fllril\Pl t\Pltl membrane fou1ants 9f~fl\Pltl'W'W t\Pltl UJ'ffllJ110Cll'ltlfJ'W t\Pltl 

" fll~fl!! 'j 'I~'U uwi'i '\J i Mfl'U 'ffflli'H~l.J ,~ 

2.3.2 ~n1:1ru~m1mfl'lium::anum'j UF 

~fl1:1W~fll'jfnfl'ltt1i'll~lfl'W 2 tl1J1J ;{fl Dead- end tl"~ Crossflow 

1) fll'jfnfl'ltl1J1J Dead - end 

'" 
tll'W f111 i '*fl'Jl:JJ~'UiJfJtJ'ffl'j"~" ltl i M'! '11" i 'WYlft'Vll~'Vil?i'llllfltl1J!lJ:JJ!1J1'W 

~'lu'ff\91'1 i um'V'I~ 2.1 r111tt'\J'J'W~flu~~'\J'Wl\Pl im;un1l'j'V'I1'W'\Jfl'lt~mt~'W'il~tlnti'n i 11Ju~111u1 u cu q cu 

2) fl11fnfl'I!!1J1J Crossflow 

tfl'U fll'j i <Mf111:JJ~'UiJfJ'U 'ff11~~Clltl i M'i Y! ~ i 'U!!'U 1'\J'W l'W tl1Jitfl!!~'W 'YI~fl;'l 
lllfltl1JYlft'VIl'lf111 l'YI"'\Jfl'l permeate ~'l!!'ff\91'1 ium'V'I~ 2.1 ~'I.Yh i M'tn1Plm'lt~fl'W1J~nruf;h'Y!Ul 

' " ' 
'\JfJ'I!lJ:JJ!1J'j'W fl11\Plfl'Wfllfl'Vitm~1J ~ nru 11 'W i M'n~1J! ~1 i tli tJ'ffl'j~~ClltlfJ~1'119imihJ'I vh i M' 

q 

Tuk
Rectangle

Tuk
Rectangle



= 

Membrane- filtration 

Dead- end filtration Crossflow filtration 

/ 
/ 

/ 
/ 

/ 
/ 

/ 

/ 
/ 

//..<.....Thickness 
/ of filter cake 

Time 

2.3.3 'Vl()'hl~eJCI~'JlfJ~um.)f't.J 

-------

Time 

i 'W m~lJTUtll'J UF tt 1!1! t '11Cl'U11~ ~ l'V'J~n9f'~~~tJ'WI'l11Jflt1~~1.h~ff'Vln.f11VI 
' " ' 

'Ufl~m'Jmfl~ 1~mtCI"~~ i 'W ~1.J1.J~mm'Ufl~ permeate Vi ~l'W ~VI~'W'Ufl~tlJJJtll'J'W~mn.herw'WVi 

" ~l'W 'JVI 'J 'W 'U fl~!Vfl!!~'W Cl"llJ l'HH! Cl"~~ 1 'W 1 tJ 'U fl~fl 'dllJ~ 1 'W 'Vll'W tll'J m e:J~ \Pl ~ U 
~ . ~ 

(2.1) 

1~v~ J v ~fl eJ~'Jltll'JCJflJ~l'W!lJlJ!ll'J'W iJm.l1mrl'W Lm.
2
hr-

1
kPa·

1 

L P ~fl ~lJ1.h~ff'Vlftll'JCJflJ~l'W'Ufl~!lJlJ!1J'J'W ll'11lhmrl'W Lm-
2
hr-

1
kPa-

1 

"' "' d ..,. 1 1 "' [(Pf + Pr) J "' 1 ~ M flfl fl'dllJ~'W!QMlJfll!'Vlltlll 
2 

- PP lJ'\1'W1tJ!1J'W kPa 

~ .d I 1 Q.l cp 
CJ fle:J Osmotic reflection coefficient lJfll!'Vlltlll 1 - -

em 

16 
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<d ' ~~ 
(Osmotic pressure 1r m -tr P) lJ'H'W'JV!IJ'W kPa 

" . 
ri1'W fll':i ih ,)' fl 'ffl'Hl~ ~ 1 (J'B 'Bf1 'il1f1tJ 1 (Rejection) 1 fl (Jfll':i m 'B\1 ~1'W tvum 'B\1 'il ~ 

'fftlflt'Bl'ff1':i~~~1tJI>i1\l"l uun'il1mf1 ~\11h~~'VI~fll'W 'l 'Wfll':ifh,)'fiff1':i~~~ltl'fflm':iflfl1'W1tu t~'il1f1 
tllJfll'j (2.2) 

2003) 

R feed 
}- C perm 

cfeed 

" R feed fl'B ei'l?l':i1fll':ifhil'fl'ff1'j~~~1ti'B'Bf1'il1f1tJ1 (%) 

cperm 
"' 'J) 'J) <'-=< -1 
fi'B fi11lJ!'lllJ'lJ'W'll'B\Il'Wfl':ilJI'B'VI (mg.L ) 

(2.2) 

creten 
"' 'J) 'J) ~ 'J) -1 
fi'B fl11lJI'lllJ'll'W'll'B\Itl1':i~~mm':ilJ\9l'W (mg.L ) (Mattaraj and Kilduff. 

2.3.4 fll':i'Hl'll'Wlf!Ll.lmt:J~ 

1 'W fll':i'l11'll'W1flllH~f1~~i11fll':i!Wf1LfleJ 1 .ffm~'U1'W f11'Hl~m1VJ~t\9l'JoJf'W • . . . 
d 0 Ill" d .r:::l 

'ff1lll'Jti'VI'il~fll'W1W tfl'il1f1'ffl.lfll'J'Yl (2.6) u~~'ff:!Jfll':i'VI (2.7) 

M w = -=-i=...:..l ____ _ 

Mr 
(2.3) 

M;(t) ffu lJ1~ iuul'i~~·1hmm 

MW. (t) ffv 'll'W1f!Ll.lmn~ 1uul'i~~"lh\lnm 
I q 

N " • I MWi (t)M;(t)ffu ~~':i 1lJ'll'W1f!LlJI~fJ~-.1\1'11lJfl 'lu"!f1\lnmVi1tm1~M 
i=l 

(2.4) 

i=l 

i=l 

N " L M; (t) I MW; (t) ffv~~'J1lJ'll'B\IlJ1~ 1u"!f1\lnm't!uri-:Ju~-w'll'W1flllH~fJ~ 
i=l ., 

'lJ u\1 t11':i~'U'VI~ v1i':i ':ilJ"lf1~'l u '1f1\lt 1~1'!!u 



' 

2.3.5 tlJ~(l'Jl"U~~1'1<"] 'IHl..:Jm~'lJ1'Uf11-:i UF 

tlJ~(j~i'*~111i''lJm~'lJ1'Uf11-:i UF ~ 4 tt'lJ'lJ 19i..:~u~~..:~itJm-w~ 2.2 fiv 

- tt'lJ'lJ~1'U (Spiral wound) 

- tt 'lJ 1J vi fJ (Tubular) 

- tt 'lJ'lJt.ff'U 1~fl(l1'1 (Hollow fiber) 

- !t'lJ'lJ!tN'U (Plate and frame) 

~111-fmi'v~"dfl..:Jtll~~u~~~'ll"U~ u~~..:~i'W~Pll-:i1..:J~ 2.5 
"' 

cl ... fd d 9) d <)" I ..:::::t, 

Vll'lH'fl 2 .5 11J-:i~'lJ1'VW'lJ"dfJ~"dfJ'I tlJ~(lt!\91(1 ~ 'Jl"'U~ (Mallevialle !W~fltu~, 1996) 

18 

I 

!t 'lJ'lJ1-ff''U i~fl(ld..:J t!N'U111'U/ 

" ' 1flWCVllJ1\91-:ij}1'U !t 'lJ 'lJ !t N 'U 

I 

fl11ll11'U 111 'U 'W + 

fl11lJ~~fll~ 

'J} ' - (ll..:Jv.f1'U1lllJ1'lJ-:i'U + 

'J} 'J/ .... 
- m..:~~fl'Ufl(l'lJ 

-:i1fll + 

fl11lJ~'W 

fi1'Uflllll~m\91 J + • 
m11Ju~ll i 'Wm-:i 

1'*'11'\.J + 

'J} 1/j 'J} -'"" +++ "dfl !~llJ"W'lJ 

11(lfl~llmmil~ m~'Uflfl 

'J} ' !t'lJ'lJlJ1'U !t'lJ'lJ'VlfJ Fine (RO) (UF/MF) 

++ +++ +++ 

++ + 

-(1) +++ 

+++ +++ +++ 

++ +++ ++ ++ +++ 

+ +++ ++ 

+++ ++ +++ 

(1) : 1~~~ hi~nn nfl ~urVi~u tlJ\91(ltt1J'lJt9f-:i1ilmi1v..:~111ni~~~i -M'vhtllllt'lJ-:i'Wti:l'U "' . 
fi'U (l~'Jl"u ~tim! fllql (!~ 'i1 ~'1111J 11m ~u 1 Vi ~utiu 

i'Wm~U1'Uf11-:i UF 1J_jij~lli~tlllJ1'lJ-:i'Utt1J'lJ~1'W ti1fl'l111fltfl-:i'l~~1'11lllJ1'lJ-:i'U!iJ'U 

tt 'lJ'lJ!tN'U cJr '1~1fl~ flfll Hl1fl11ll ~~ m~ ~1m! 1"dfl'l1llll 1 'lJ -:i 'U u ~ ~111-f 'lJU 'lJ'lJ 1-ff'U i~fl(l1'1 U(l~tt 1J1J 

' 0 'J}'J} &~, 1/ji .... .,; 
'Vlfl ~1lll-:ifi'Vl1f11-:i(l1..:J~fl'U 9f'I11J'U fl(l !fl 'Uf11-:ifi1'Uflllf11-:ifl~\91'U1'U fJ'I111flfJ'UfllfiU(l~ • • • 



'i.YlJ~'W'Vl~rJ !1JlH'U~'U UF ~iJ'U1EJ1ui1't~\ll'lml'l H'i.YIPl\l1'WI'l1~1\l~ 2.6 1u~lf1l~mhl~\l!'il'W1~ 
tt'U'U!~'W 'lvn'l'J\l tdt~\l1l1tl 'l ~'l 'Wtl11VJ1\l1'W 1.0v 

19 



C~nttate 

2.2 

(h) 

(<:) 

Hollow fibers 
Perforated sleeve 

Poning resin 
(d) 

Pet"moato 

Concontrato 

1lJ'flr:l'Utl,HlJlJ!iJ'J'U 4 'lfU'fl (Mallevialle UCl~fltu~, 1996) . 
a) uuuur-i'W 

il 
b) UiJiJlJ1'U c) uuuvitJ d) uuutff''W 1vnm'l 

20 
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' ' .c::t dd y 
~l"aH'YI 2.6 tlJlJ!iJ'.i'W UF 'YllJ'lllVI'lllJ'Vltl.:JI'l~l\Pl (Mallevialle u~~mu:::, 1996)) 

Pore size Mambrane area permodule 

Jlm Configuration Material m
2 

(min- max) manufacturer 

2, 3,5 T c 0.02-7.1 US Filters 

1.4 T c 0.005 -7.4 US Filters 

T c 0.09- 10.0 CTI Techsep 

0.5, 0.7, 0.8 T c 0.02-7.1 US Filters 

0.5 T c 013-11.5 Ceramem 

0.45 T c 0.09- 10.0 CTI Techsep 

0.45 HF PS 0.01-3 .7 AG Technology 

0.2 T c 0.02-7.1 US Filters 

0.2 T c 0.13 - 11.5 Ceramem 

0.2 T c 0.09- 10.0 CTI Techsep 

0.2 HF pp 2.0 Akzo 

0.2 HF PPNF 10.8-15 Memtee 

0.2 T c Membra! ox 

0.2 HF VF Dow 

0.2 - 0.5 T PWF 4.7- 106 Renovexa Technology 

0.1 T c 0.02 - 7.1 US Filters 

0. 1 HF PS 0.01-3 .7 AG Technology 

0.1 HF PYA 0.09- 12.0 Kuraray 

0.1 sw PTFE 0.5-8.0 Desai 

0.05 T c Membra! ox 

HF hollow Fiber PS polysulfone 

SW spiral wound PYA pc!yvinytalcohol 

T ceramic YF fl uorinated polymer 

c ceramic PWF polyester woman fi ber 

pp polypropylene 
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2.3.6 Hollow Fiber Capillary Membrane 

clfl'hltu:;: 1f1':i .. :ri:1'~1~'Utl~ Hollow Fiber Capillary Membrane mi1Ell.Jtl1J'vit~'U'U1~ 
d "' 91 91 'I "'"" 91 : 91 "" ~ 'I ,j "' ?f 

1Clf1'11'HH'ff"W HlJ ~ 1"W t 'U ~~lJHJflmtJ'VJtJ.:J"W1"tllJ 'Hl1JHJ'lf"W t "W ~lJtllJtl.:J'HJ\91~ ~~~lJ"W ':i1h.:JU'I11"W 
., 'U 

" 
m':ith 1 u1oM~1u~:;:'\.J 1t~u lv:u1JJ~':i1:utiuttlu -:iutfi~n~1'11~t~~1v (U) u"1vl1~ 2 .u'N'Ut!.:Jt~u lv 

., 'U 

flfl\91~ .:j~~tl1JY11-:JJ1tltlfl 11-:i ':i ~mJl u 'Vi tJ':iUYIHm:;:1JtJfl ~~ v;r:h 1:u~" ~~U':i~fltl11~1m~u lv'!1mtl cu q '\1 cu cu 

" ' ~ t~tiil.:j'!1 mv-Yrw ~"W 'Yl1l M'ii.Wu Vi N1'ff .:j ., 
" "Wtlfl'illflU Hollow Fiber Capillary Membrane tJ~'ffllJ1':itl loM~1"W 1~1 'U~fl 

Q.J & ~ 0 9) & ..:::! d I ~ 9) & ~ Q.l : I ..:::S.Cl.l 

"fl1JW:;:'!1"W.:jflfl "Wl!'ff"WiVlJl'U~t':ifJ~tl!'UUH"WUmtli'l~ 2 'IJ1.:j 19l':i~\9l~fl1JYI1~l..!1tltlfl 2 YltllJ"fl'hltu:;: 

ttlu 1:u~"tt111JtU~ ~v ~~#,.:j ~lJ~1mlll'i'tf1mv 'l 'Utl.:j 1 ~v~~~:uJ1~1l..!t~\n1v l "Wt~"W lv I '11"\911m cu cu q,J ~ 

' " ' 
f1m.:j lU':i1lJtl"WYi'Yit~YI1.:j'l.J1tJtlfl ~~tt'ff~.:J lumvrYi 2.3 

2.3.7 1J~.o'v~iJH"~tlfl1':i'Yl1~1lJ'Utl~ UF 

!~tl~~1flfl" lflfl1':ifl1.o'~tl'4fl1fi'Ufl.:jfl':i:;:1J1l..!fl1':i UF tlJ"Wfl1':ifl':itl.:JU1J1Jfl~ 
j} I j} I I I j} 

'U'UWl ~.:jirutltu'111YiJ1mfi~~ulum':i'Yl1.:j1'U ~tl m':i t~~l'lufitfi~ ~1niY .:jffflum~wn Yimllw'l-11 u q I cu 

" di " 'Y11lMel'l9l':i1f11':iH~\91'\.J1 (Permeate flux) u"::;m~nnl'*.:j1lJ'\Jfl.:jtlJlJ!1J':iW'l~".:J 91-:Jtl~~ti~1-:JCO] iJ~.:Ju 
" o cl'n1llli~ff:uu~'Ut~.:j'\.J1~11 

jl 'j) ~ .<:::::!. d rl : t:::S Cl Q.J Q.J<C:!o 

fl11lJ! 'UlJ'U"Wtt"::;'lf"W ~ 'U fl.:j 'i:1'1':i tl"W 'VI ':i tJ i 'U lJ 1 ~:;:lJ p.,m tl .:j"f11JW::;'i:l'lJ1J\9l'Ufl.:j 
" . . 

'l-11Yi~::;P-h"WtlJlJt11':il..! 1~t119l':i .:j 1:umn"'i:1'1':i~"WYI~ vfi~~i'i1.:j ~:;:'Yl1u nn1t11ti1JtlJlJt11':il..! t'!fu ~~~~ 
q ~ ., 

~ & d ~ ~ c:J <j/ lJ'J .d I QJ fl_ f 
!fl~ t ~" 'U"W YI1J ':i nru H1tlJlJ t 11 ':i"W f11Jfl 11lJI'l1 u 'Y11"W n n m "YII'l NCOJ nu tJ.:jfiiJ ':i ~ fltJ11'\JtJ.:j 

" ' " 'ff1':i~'UYI ~vi u'l-1 H:;:ttl'lf1~1.:j tl'U l "W!!~"~!!li.:j !!"~!U~CJlJl!U".:jttllJ 1J1.:jflf .:j l "W!! '!1ci.:jt~tl1tl'U 

2) l'i:l'IP,J~l'*'Yl1tlJlJ!1J)lJ 

i'ff~~l oM'Yl1tlJlJt1J':il..! 'IJ'U1~'1JtJ.:j':ifl':itJ.:j u"~fll':ifl':i~ ~1ti'Ul..! 1~'\Jfl.:j ':i lut:iJlJ 
q . '\1 cu 

t1J':i'U i)p . .m\9lt~cl'n1!ru::;m':i~~~ulu':i~1J1J UF 1a~~loM'Yl1tlJlJ!1J':il..!ttli.:j1~ttlu 2 mi:u ;lt~ia~~ 
q q q '1 

j} I iJ I Jl 

'lft!1J'l-11 (Hydrophilic) tt"~l'ffiP,JYihhm.JtJ1 (Hydrophobic) il'ltl!lJlJ!1J':ilJ'lfU~Yi'lftJ1J'l-11~::;~~c)f1J 
" " ~ d fl j/ I 11) I 0 Y d& I lfJ 9) I .c::t. Ql 

'ffl':itl"WYI':i tll..!fltJfl11tlJlJt1J':i"Wtt1111 tlJ'lftJ1J"W1 ~1tl!'l119ll..! ~.:Jff1lJ1':iflflm1 tf1 11 m':i~fl~ m':itJ~\9l"W ~:;: 
q q 

" " ' 
;iu miti11'!fiJ~'U tJ.:j '1:1'11 ~u Y1 ~ viu t.J 1 tm :;:')fu ~ 'IJtJ.:j1 ""~ Yil '*'Yl1t:u:u t 11 -:i u ., q 

" " 3) m1uf11'ff.mow'l-11t1jt~.:jl'i'u 
" . " 

anuutilt~ui1-w1J lutmci.:j'\.J11inlJ'lf1~ mJ.:jt~l..! 4 U':i::;t.fli'l~tl fl'4.f11fl 

tt'U1l..!"tlt1 ( ~hu l 11qj~1Ju 'i:1'1':it!Ul..!YI~ v tt~ ~::;11:ui1-:J'ff1':i ~"WY11 v~ 1t1) ttl~tlt!Ul..!YI ~ v"::;mv 

di " " 'ffl':ifll..! Yl1 er"~mCJ ~"tJf'W C}f~ff1':it'l1~hu ~~'Y11l Mtn~fll':i t!~l'll..!'Utl~!lJlJtlJ':i"W!m~er\911 1fl11 Hi11'l'l-11 
q q 

" "~".:j 11i m1l1 tJ.:jtllJ m1 t~~l'lum ~.Yi11~1~ t1 m':i'lli'1J'ff.f11'Wihrit~ut,j\ffm~1J1'U fll':i UF iJluri 
q ., 
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I 'j/ )J iJ 1 !JI 

fl1':i !~:IJ!! ':i -:J~'W:IJ1fl~'W 'il~ll11 M-eJ\91 ':i1fl1':i Hil\91U 1l!rt~fltufl1'VltJ 1~ i~~~'W ll~ 
q . " . 

fi'1u H~'Wl~:IJ~'W 'il'Wtnu~\91 ~1n\91 'il~i-111 ,rCJ'4fllflUrt~ 1m -:JLY~1'll'i1 ·FJ ~LY~LY:IJ'U1nru~Trnhua-:J 

l:IJ:I.Jl'U':i'W-e1\91191 1tiumh..1 'il'Wi-111 ,rfi1.Wr:rfl"lfrt\9lrt-:J ur~~m 'illl1rt1tJ 1m -:J 1:1'~1-:JflltJ 1 mm-:J!:IJ:I.Jl'U':i'W 'ill.! 

" 
!lim 'il;iu nmvm11 ma'lu 1 1~~-:J!~:IJ 

5) fi11:1Jl~'J'tiB'lfll':i t 'i'Hl'tiB-:J'tiB'lrl1rt1 

II] 'J} d I o 'l 'J} "'> <!I .di 
fll':i L11rt'tiB-:J'tiB-:JL'I1rt'J\911tJI'l11:1J!':il~'lf:-.11'Wl:IJ:IJ!'U':i'W'Vl1 t'Htfl\91UH!QB'W C)f-:J'iJ~ 

0 " " 

'lf1tlrt\9lfll':i B\91191'\..! ~m! 1'tlfl-:Jt:IJ:I.Jl'U':i '\..! vh 1 ,r -eJm 1fl1':i Hil\911-J 11:1' -:J~'W 1 '\..! fll':itb ~tlfl~1 ~-e)'\91 ':i1fl1':i 
q ~ q 

" 
lfl\91U':i -:J!~CJ'W b1'1lJl':iGI'l1'Ufl :1J 1\9ltJiJ:IJurt~'JDi1'l '1'11-:J! ':i'U11'ltU\91 'U CJ-:J !:IJ:IJ!'U':i'W i~ 

q ~ 

lfl~fl-:J High performance Exclusion Chomatography (HPLC) 1\9ltJ i~i'11fl1':ifi1mnr:Jrur:)'mJtu~'tiB-:J 

'ff1':i~'W'Vl1 ~1in:IJ"lf1~ 'il1mm ci'!J1 2 !mci-:J 1 'W\91B'W 119i''Ua-:Jaamm t~v !Jlfi1m·dl'U'W1\91L:I.Jtrtflrt'UB-:J 
q 

'ff1':i~'W'Vl'1~1in:IJ"lf1~1u'lf1-:J (<500, 500-3000,3000-10000, 10000-30000 ur~~ >30000) 1\9lv1~ 

Ultarfiltration !WflW1'ti'W1\9l'tiB-:Jb1'1':i~'W'Vl1rJ1i':i':i:IJ"lf1~BBm.nna'W~'il~U1tD11'1~1tllfl~fl-:J HPLC 

1\9ltJll1fll':i~fl'hl1t11'1v'Ut~tJ'Ufl'Ulntu 1\9lmmtJ'Ut~tJ'Ufl'Uln Flow field -Flow Fractionation 

..k .:lJ """" "j C> ,. d' ""1 'l 'J} a.. I (FIFFF) Cb'-:Jlu'W 'JlHWfl'tl'\..!11'1 t:I.Jlrtflrt'U8-:J'ff1':ifl'W 'Vl ':i tl1i':i':i:IJ"lf1\91 \91 tJ t "lf'Hrtflfl1':ifll1:1JU\9lfl\911'l 
q 

'Vl1'1Jl1'W tel' L\Pl':i l\Pl'W 1lJf11 'Wfll';i Ul'li'ff1';i~'W'Vl1 rJli';i';ilJ"lf1~1 '\..! fll';j~ 'il~lWfl'ti'W 1\PlLlJlrtflrt~-:JU\Olfl~l-:J 
q 

' 0 
~d .c:iGl 9) cv <) t d. 

'il1fl11i High performance Exclusion Chomatography (HPLC) 'Vl t"lf'Hrtf1fll':ilWf1 t\Pltlf:-.11'Wtl'ilrt'Vl 

1 ~'l 'Wfl1':itWf1'U'W1\91LlJtrtf1rt'tlfl-:J'ff1':i~'W'Vl'1rJ1i':i':i:IJ"lf1~ ~'l 'il1f1fll':ifi1fl'hl1tm tJ'Ut~tJ'Ufl'W 1 \9ltJ 1 ~'ti'W 1\91 
q 

t:I.Jtrtflrt'tlfl-:JLY1':ivu 'Vl1 ~1i':i':ilJ"lf1~1 u'lf1-:J c <5oo,5oo-3ooo,3ooo-1 oooo, 1 oooo-3oooo,> 3oooo) 
q . " . 

1 \9ltltl1'H u ~'V'In1il\9lt\91 a{~ 'il ~ 1\9lflfl u 1m! ml! ~ tJ'llfl-:J L:I.Jtrt fJrt'Ufl-:J 'ff1':iV'W 'Vl1 ~li ':i':i:IJ"lf1 ~ 'll'\..!1\91 

t:I.Jtr~nr~ 'lf1'11:wmflrt~'V'I'Umfl~ 'ff\9l'V'I'U ':h1n HPLc 'il~ i~m1.W,j'a:1Jrt'U'W 1\9l'Ua-:J 1mr~flr~~i'l'lt 'ill.! 
q Q q r.u q 

~ 
ll'l'JCJ-:J FIFFF 

JAMES KILDUFF AND W AILTER l WEBBER (1999) tlJ'Wfl1':ifffl'hllfl1':itl1il'l 
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ld ' OCl.l ~ dG' ~-cr ad ~1J]r.J1J]Vi'J/ 
'ff11~::;mV11lJPH'l\9Hlfl11fll~~'ffl'Hl'W'Yl'HI'fil'JJJ'lf11'1 t~V1'fi Ultarfiltration l11'CJ tJJCJf\1 !~ 'lf'ff11 

poly styrene sulfonate t~'WI>l1t11'1vmViv1J i 'Wfl11l11'1J'W1~'1J'CJ\I'ff11~'W'Yl'15'fi11JJ'lf1~!'W11::;ii 

trn£Jtu::; 1m-:J'ff~1\lfl~1vnwi1J'ffn~'W'Yl1v'BnJJ'lf1~ 1~vtJJJJt1J1'W~i'*hJm1r'h~~'ffn~'W'Yl1v 

'fi11JJ'lf1~1~v1~ Ultarfiltration !~'Wl'ldfl celluosic type i'*i'Wfl11ftfl£J1L~vi'*'IJ'W~ LJJ!l:'lfJ~'IJfl\1 

'ff11~'W'Yl1v~i'*i'Wfl11'Yl~~'CJ\I 2 'IJ'W1~ (3000 Da ,lOOOODa) L~VftflfJlell'l11fl11ll1~'1J'CJ\IJ1~-;hii 
I !J} I t SJ I f 

ell'! 11m1 1 l1~tVIJJ~'W l1~fl 1lidJeJ!VlJJ ~1'\.J 1'W111::;1! 1 'W '1-1 1111flf111ftfl£J1'W1Jl1t:WmVIJJ ~1'\.J 1'\.J 111::;11 
q q 

,.. I ~ I 

'W1Jl1 eJI'111f111 tl1~'1JeJ\Iu1~ 1 l1~eJeJnmtVIJJ~titUeJ\11l1fll1¥-l~'IJeJ\11h::;1l 111 rh i11'1m \11:1'~1\I'IJeJ\1 
q 

>I 

'ffl) ~'W'Yl1 V'fi1 1 JJ'lf1~l1~n'W ~\l-n1 i.1i'IJ'W ll'l't-e:J\1 1:1'11 ~'W 'Yl1 V'~~ti' av~\ll11 '111' m1 eJI'II'i'WtJJJJt1J)'W 
q 

i. 'J/ "" "" i. Taylor tm::;fltu::; (1987) 'lfm::;1J1'Wf111!JJJJt1J1'W 3 'lf'WI'I flfl RO NF Ul:'l::; UF 'Wf111 
>I >I ' 

r'h~l'l'ff11 THMP 'CJ'Clf11llf1U11J1~1~ tm ::; '\J1f:b~'W 'W1JlWi't~'lf111tJJJJt1J1'WVlii~l MWCO ti'eJv 

n11l1~m·vhn1J 400 i'W'ffm1::;11n~1'Wm1~ltiJ'W1::;1J1J t~eJfl11JflJJ THMP u(l::;'ff111¥-J~m11~v11 
q q 

'J/ d ~ 'J/ "" "" .. 
m::;1J1'W f111 tJJJJt1J1'W 1 m ·mi'I'Yl\I'Yl1\ll'll'W 111::;'ff'Vl'fifll'Wtt~::;!ff1'l:liH'1'1'ffm 1 'Wf111fld1JflJJ THMP 

~ q 

111mtu THMs 

Tan u~::; Amy (1991) l11f111t111V1J!VlV1J1::;l111-:Jm::;1J1'Wf111t~JJ 1t~t9f'Wfl1J 
>I 

m::;111'W f111 tJJJJ t1J1'W 1 'W f111 r'h~l'l iru~ ::; m1JflJJ111mtu DBPs 'W1Jl1m::;1J1'W m1'l1\l'fffl\lii 
q 

>I 

111::;ff'Y!Tifll'W 1n~tfiv-:Jn'W i. 'Wf11101~1'1~fl'Clmnn'l-111111'11t'! tl'lvm::;1J1'W f111 tJJJJt1J1'W ti1 ~~ireJ'Clfl 

tl'lvm::;1J1'W f111'Yl1\lf11Vfll'W 1 'W'IJtu::;~m::;1J1l.!f111 t~JJ 1 'CJ t9f'Wt11~V'W 111 ir1 'W J1 1#1 'ff11~~V\Ifl\l 
"' 

oi'J/"" 'J/ 
'Yll mn~ Ozonnation By-product 1'11V 



. 
""' 1Jl1l1 3 

3.1.1 Hydrochloric Acid (HCl), Analytical univar reagent, APS Finechem 

3.1.2 Di-Sodium hydrogen phosphate dodecahydrate (Na2H2P04.12Hz0), Analytical 

univar reagent, APS Finechem 

3.1.3 Sodium chloride (NaCI), Analytical univar reagent, APS Finechem 

3.1.4 Sodium hydroxide (NaOH), Analytical univar reagent, Ajax Finechem 

3.1.5 Sodium dihydrogen orthophosphate (NaH2PO 4.Hz0 ), Analytical univar reagent, 

APS Finechem 

3.2.1 ~umlli 
q 

d. tl .:::::). ~.00 

3.2.1.2 1JfHfl~1'U'Wl\Pl 400 lHHH'l\Pl1 

d tl .<:::::io ~~ 

3.2.1.3 1JfHfl~1'U'W1\Pl 1000 ll"HH'J~j 

' 'J} 3.2.1.4 U'Yl~Ufl'Jfl'Wfflj 

"' CV 0 Q.l I 

3 .2.1.5 t"l~ Hffll'WWldtltn~ 

"' . 
3.2.1.6 t)~ Llll1f1J '1 ffUll'l1mh~fit~ ~ VllU~1 

'J} .... "' 
3.2.1.7 'b'tl'W~flffljtflll . . 

~ Q.J d 0 I 

3.2.1.8 tmtl~'b'~fl'Jlll~~!tlV'fl 2 ~1Ul1'W~ 

3.2.1.9 ff1VV1~9fiii fl'W 

"' 
3 .2.1.10 tJ~tJl'U'Wl\Pl 20 il~j 

. 
3.2.2.1 tf11~~l\PlrlTW!tl'll' (Wissenschaftlich-Technische Werkstatten GMBH, 
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3.2.2.2 !fl~fl~i'~'fffl1'Wfll'JU1 ivJ~1 (Wissenschaftlich-Technische Werkstatten 

GMBH, U'J ~!'Ylfl'Wfl'Jir'W) 

3.2.2.3 !fl~fl~ UV-Visible Spectrophotometer (Shimadzu Corporation i'W UV 

mini 1240, U'J~!'Ylfl'~ii'W) 
" q 

.dt at tl 
3.2.2.4. !fi'Jfl~1Lfi'J1~l1 Total Organic Carbon (TOC) (Shimadzu Corporation 

i'U TOC-VCPH, 1h~L'Vlfl'~~'U) 

'YI~ flfll'J tt"~i~fl1'J'Vi1~1'W'Ilfl~Lfl~ fl~i'1fl~1 '*1 'W fll'Ji,Yv 

~ ~ ~ tl C:i 

1) !fi'Jfl~lle:J1!fi'J1~'Yifl1'J~~fl(I'Ut!'ff~ (UV-Vis spectrophotometer) 

.dt ~ ~ r/ C:i I 

!fi'Je:J~llfl'd!fi'Jl~'Yifll'J~~fl(I'Ut!ff~ (UV-VIS spectrophotometer)1'W UV mini 

"" Ql :::, ,; "'i Si"> o' 
1240 ~1fl1J'J'l:J'Yl Shimadzu corporation (Japan) L1J'Ulfi'Je:J~Lt1J1J single beam 5 nm 'Yl 'b'1!fi'J1~l1 

fll'J ~~fli1'Wu 'ff ~'lle:J~ffl'J~'W 'Yl1 V1i'J 'JJJ'll'l~ fflm':i t~i-11 1~1 ~v 1 '*Lfl ~a~ i'1 aitfl 'J 1~Mfl1fll'J~~fli1'W 
'" '" "' 1 I ~ dq 3JG} ~ r/ I ~ 

!!bY ~~1 (UV-VIS spectrophotometer) ~Vfllfl11lW1Jfi(I'U'Yl ~'If~ 'Ufll'J'1Lfi'J1~'Yifllfl1'J~~fl(I'ULLff ~ 

'llfl~ff1'J~'W'Yl1v1~~fi11JJV11fi~'Wtvhn1J 254 'Wl 1'WtJJI'l~ nni'~fi1 UV254 mft'vml'nm'J~·;h 

bl'l'J ~'U 'Yl1v~rtl'W bl'l'J fl~ 1 'J lJl~fl'YI ~mil 'U 'ffl 'J~ iJ'W 'U 1i ~ 'Yll~ !fl iitil 'U~ 'U 1i ~ fi ~ ~ bl'llll'J 11 ~~fli1'W!! 'ff ~ 
'" '" 

1mh~fi11JJV11fi~'W'Ile:J~i'~ih)"~'~'J1i1 1aml'l 1~vmvn~~fi11JJV11fi~'W 254 'Wl 1wJJI'l'J ~~i-111~ 

fll'J 1~fl1fll'J~~fli1'W!!'ff ~ i 'U 'lf1~fld1JJV1Jfi~'U 'Ufl~f ~ fleJ(ll'l'Jl i 11 fl!(ll'l!tJ'U i~fll'J ~~!!(!~ 
'" 

dt C:i ~ tl cl ~ .:::::. do' 
2) !fi'Jfl~lJflJLfi'Jl~'Yifll'J1J€l'U'Yl~l1lJ~'IJ€l.:J'ff1'J€l'U'Yl'JV (Total Organic Carbon, 

TOC) 

.dJ. 41:9 ..::;::,. ~ <S' ~ ~ ..::::1 d' 
!fi'J e:J~lJfl1!fi'J1~'Yifi1'J1J€l'U'Yl.:J'YilJ~'IJe:J.:J 'ffl'J e:J'U 'Yl 'J V (Total Organic carbon, 

' ~ Q.l ~I dt e:t dq Yq 
TOC) 1'W TOC-VCPH 'Ufl~1J'J'I:J'Yl Shimadzu Corporation (Japan) !lJ'U!fi'Je:J.:JlJe:J'Yl ~'If ~'Ufll'J 

" ' itm1~M'ff1Hn11Jfl'U'IJ€l~'ff1'J ~u'Yl16i 'Uu wl'1€lvN m'WVi 3.1 u'ff~~f111JJiY'JJ~'U TI'Ufl.:Jffl'J 
Y I I V 

m11Jfl'U '11~11JJ~tm~fi•m':i~~fl~'U!!ff ~Vim1WJ11fi~'U 254 u1i 'UtJJI'l'J 1 ~vi oMU1~1flV1~~1fl .., 
I : ..::::! t/ Clt. Q.l ..:::1 

L! l1 (I ~'U l'YI 'U e:J~ €l! ~ lJ 'ff JJ'Y.l 1l'W1 (I Vfl1J(l'J 1'b'1i l'U 
q 

'Y!i:lflfll'JYh~l'W'Ufl~tfl~fl~ TOC !!tlflfle:Jfl!iJ'U 3 'J~1J1J ~fl 
" ' "'> o' 1 0 Ql I o ~ IIJ,i"' 

1. 'd!fi'J1~'Yil11 total organic carbon ~V'U1\911flV1.:l~~\Jfl'U1!'\J1 !lJ'Yl combustion tube 

.di Ql I 0 llj SJ.d "'> "' :::1 CJJ o' llj llj o' 
9f~\911e:JV1~~~tlfl'Yl1fl1'J!f-11 tl'ilJ'Yle:JWl1.fllJ 680 e:J.:Jf1'1!9f(l!9fV'ffflmVLlJ'Wfl19ffi1'J1Jfl'U ~~fle:Jfl ~9f~ 

'" q '" 
'jl 'jl j} I 

~ lflir'W~~Qfii-111 ~~~'U(l~ 1~v cooling tubing ~1flir'U~~\Jflfh,)'~f111JJ~'U 1~Vfl1'J~~i1J'Vi pure 
I I 9J . I 

water trap Lt(l~ri~~Pia hJVi halogen scrubber !~e:J~~i1JLe:Jlfl19ffl~lJ halogen~lflir'Uri.:J hJVi NDIR 

! ~ e:Jfll fl1 'J i'~fl 11JJ! 'ii'JJ ,j' 'U 'IJ fl ~!! 'ff ~flflflllltil 'W~ 'U ~1 ~ fl 'J l'VJ 
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v • 

2. itm1~11'm inorganic carbon 1~vlh•i-:rmhnJ ~~m~hJ~·;wm~rrJeJ\9ll'Jcw~fl tVifl 

d ' d(;')l "'llJ IIJ"' ~ .!.d 0 """' 
t'I.J M'W f1 ~lJ'ff1 1 inorganic carbon !U'W f119l"fll'J'Ufl'W t~ flfl f1 t 9!"~ 1ll f1'W'Wtfl'ifl-:J f1 1l~ 'Vllf11 1 'Hfl'i l ~'\1 

~ ~ ~ ~ ~ 
~HH'I1lJfl'W f1 1J'U'W\9lfl'W f11 '5'1 tm1~ '11 total organic carbon 

" . 
3. itm1~11'm inorganic carbon lul'i'1mh-:Jl1 1 Yii:i '!J~mruffl 'J inorganic carbon 

I .Q \l] f I d d 'J} 

l.ll f1f1d l ff l 'J organic carbon lJlf1lJlf1L~Vf11'Jt\9ll.lm~ tl:'lff1'W'Vl!U'W organic carbon mJmtl:'l1 

~ rl ' d ztl 
1tfl1 1 ~'11ff1'W'Vl!1J'W inorganic carbon 

s::: 
0 
.c 
s... 
ca 
0 
0 ·-s::: 
ca 
0) 
s... 
0 

"C 
Q) 

> -0 
t/) 
t/) ·-0 

0.25 

0.2 

-:a,o.15 
E - 0.1 

0.05 

0 

--------------------·-- ------------------- -, 

y = 0.0119x 

R
2 = 0.9973 

0 5 10 15 20 25 

uv254 absorbace (cm-1
) 

"' ' '31 '31 d '31 '31 
1. t\9l'HJlJ fllfl11lJ!'UlJ'U'W'Ufl'l Potassium Hydrogen Phthalate 'Vlfl1llJ!'UlJ'U'W 0, 5000, 

10000 Ul:'l~ 20000 ppb 
. " 

2 . t\911 Vl.l 1'11mh.:JYi 11~lhm1 itm1~11'1 ~ m ~ fl1ll'lfl 11l.l t ,r l.l,r'W 'Ufl'lU11'i' 1mh .:J1 -H'i:ir-h mi 
"' 

1 9) 9) .d.o o ~ rl 
1 'W'b'1'1fl 1 l lJ!'U lJ'U'W 'U fl'l standard 'Vl'W1lJl'V1 1f11 'j'Jtfl1 1 ~'11 

3. Vilf111itm l ~,_f1~Vf1WWll'i'1fl~l-:Jt,rltfl~fl'l TOC L~Vf111 1 i'm1i,tm1~11'U1J1J 
o Q.I .Q rl o .Q rl O QI 

Auto dilution 'ff1'11':i 'Uf11 11tfl1 1~'11 standard Ul:'l~'Vllf111 1 tfi1 1~'11U'U 'U Auto injection 'ff1'11 liJ 
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ci <!i "" a't t ~I 
3) tfl'Hl~llfl1tfl'J1~l1 tfl'Jlll t 'Yl'Jf1)1TI'Ufl~tl1fl1fflJ'j'JfJ'U~'i!~ (High 

performance liquid chromatography, HPLC) 

ci <!{.,. ., t t 'I~ 'I~ "' 
tfl'Jfl~llfl1tfl'J1~l1'U'UWl tlltflflfl t~W t'll'm~1J1'Ufll'HWflU1J1J t'b'fl11ll~'Uff~ 

q ~ 

(High performance liquid chromatography, HPLC) iu CTO- 10 Avp 'Ufl~1J~il''Yl Shimadzu 

Corporation (Japan) tllut fl~ fl~i1fl~1 ~1 'U fll'i itfl 'i 1~t1''Uu 1~ ill mnfl'Ufl~ ffl'i 5u'Yl~ 61 uJw11mh~ • . 
"' 0 <!{ 

'Hfl flfll'J'YlN1'U'Ufl~tfl'J fl.:! HPLC 
~ ~ ' 

1~HJ'iJl~ 1flfh.:J tlflQ ~ !~1 i tl1 'U column installation 'iJ 1nt'r 'U 'il~ tlflff1'l VidJu mobile 
~ ~ 

~ ' ' 

phase 'b'~flflfl111fl colum11 'iJlflir'U~1flV1.:J'\l~tlflri.:J~flit1Vi UV detector 1~H'.Iff1'l-Yiii'll'Ul~ 1lltflflfl 
- ~ q 

~1l1qjn111l~l1~~flflflll1n fl'Utfl ~ fl.:J 'll~ itfl'l 1~t1' flflflmtrlu ~u ~1~ mwJ 'j~ wh.:Jfi 1~~ niluu ff .:J 

'Ufl.:j uv ti11 nm 

5 
4 . 5 

4 
3.5 

~ 3 

.6' 
2 .5 

2 
1.5 

1 
0 .5 

0 
0 

.c::rt.d..c::rt. .I .dt 
11i1tm1~l1tmfl.:! HPLC 

<> 

5 

Time (min) 

benzoic acid 

y = -0.3702x + 7 . 1474 

R 2 = 0.9872 

10 15 

l. t\91~Vlll9l'1mh.:~ standard 'Uti.:! polysulfonate ~'U'Ul~ 1llmfJf! 4300 6800 17000 32000 
~ 

~flf!l?l'U Uf!~ benzoic acid 'U'U1m1mt!n1llmfJf! 122 nflll'ifltllfl 
~ ~ 

2. 'il1nt!ul11m'iitm1~t1'~1mh.:J 1~v~fl.:Jl11m'imfl.:~'l11~1mh.:~~1'Um~I'11Elmfl.:~ 

'U'U1\91 oAs illmflunflu'l11 itll11m'litm1~r1 

3. 1tm1~t1'1911flVN t\91Vfll'J~\91tt1J1J Auto injection 
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4) tfl~tJ'l1tm1~11'~1fl11tJlioW~l (Conductivity meter) 

~ ~ ~ o' I o lrJ -~ t 

tfiHJ'llJtl1tml~'l1fllfl11'Ul toWrn (Conductivity meter) ~'U inoLab Cond 

Level2 'illfl'U5'!1Vl Wissenschaftlich- Technische Werkstatten (WTW) GmbH & Co. (Weilheim, 
. . . " 

Germany) ttlutfl ~tl'lijtJ~1 ~1 u m11tm1~11'~ lfll'j u 11oW~l'l1~mHmw 1 mHJ'U~tJ~1 uu wi1mh'l 

t'lfu itJtJtl'U ~ttJ'U'lJ'J ~ ~r:'l'UUI:l~ttJU1h~ ~'U1f1 ttr:l'l"l'l'\1 U ltJttJ'U ill l fl'jCJftlJUI9i'\9itJ!ctf'U~tlJI9l'j (~S I 
~ ~ ~d d' T ~ d. Q.l Q.l (1' I 3) 3) 

em) '\1'jtJlJI:lr:'lctftlJ'W19119ltltctf'WI9ltlJm (mS/cm) .fll'W'YI 3.3 ttr:l'l"l'lfllllJI:l'lJ'W'U1i1~'!111'lfl11lJt'IJlJ'IJ'W 

'lltJ'll ttf!~e.JJJfl r:~ t1 h~ n1J~lfll'jtJ11oW~l r:l'JJfll'jfi'JlmtJJYrwf 1~'!1ll'lfi11JJ!.n'mi'u 'lltJ'll ctf!~e.JJJflr:'ltJ 
" 

1 'j~!!r:'l~~lf)l'jtJ11oW~l !!r:l'l"l'l!tl'U r:l'lJfll'j 1~fl'llJ 

NaCI concentration (M) = 9. 0 x 10.
6 

x (conductivity, J.1S I em) ; / = 1 

0.12 

- 0.1 
:::E -.J::. 0.08 
~ 
C) 
s:: 
Cl) 0.06 
I.. 
~ 
t/) 
(.) 0.04 
s:: 
0 

0.02 ~f"UVIS:Jil 25°C 

0 

0 2000 4000 6000 8000 10000 12000 

ConducUvity (uS/em) 
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..,; 
3.2.3 ~~'l.J'l.Ht.lt!f1'Hl-.:j 

3.2.3.1 ~~'l.J'l.Jtrlt!mtJ-.:jtl'l.J'l.Jt!t!bl'llJ91'f:H~'t.Jnt'1u (Reverse Osmosis Membrane) 

~-.:jttbl'fl-.:j'1:wm'W~ 3.41h~nt!ul'i'·:w 

- ttt!mtJ-.:jtt'l.J'l.Jt!t!bl'llJCtimruntru 'illnu1'irY1 GE Osmonics th~ tYlfl' 

b1''11i'it!!ll1'm 1h~!flYl Brackish Water- RO Polyamide PA Membrane 'lf11fl Thin-film 

composite (TFC) membrane iu AG4040F (Spiral wound crossflow) 
~ ~~ 

-1hmuuY1~1'Wbl'!~a~iJlJ Transfer pump (Model PL-95 M) 'illf1 Bacelona 

~ ' 

- iJlJlllJI'ldllJ~'W~-.:jtl'l.J'lJ High pressure boost pump (Model 25) 'illf1 

GRUNDFOS 
~ v v 

-Dl.l'l.Jltt'l.J'l.J~ml'll'Wul (Submersible pump) '\Ja'l Monoflo 'illni.J'.i~!'Vlfl' 

- 5-.:j'l.J'J'.i~ Cation exchange resin 

- t)'-.:jmtJ-.:j'VJ'.iltJ 

- 'l;!flmtJ-.:j'IJ'WWl 5 tlJfl'.it!'W (Jlm) ttl'Wtt'l.J'l.J 1'W~1'W'.it'W~'W (Polypropylene) 'lflJfl 

Purtrexdept cartridge filters, u1'irY1 GE Osmonics i.J'.i~!Ylfl'b1''11i'it!!l.l1'm 

- 'l;!flmtJ-.:j'IJ'Wlfl 1 tl.lfntl'W (Jlm) ttl'Wtt'l.J'l.J 1'W~1'W'.it'W~'W (Polypropylene) 'lflJfl 

Purtrexdept cartridge filters, u1'irY1 GE Osmonics th~!Ylfl'b1''11i'it!!ll1'm 

- 'l;!flmtJ-.:j'IJ'Wlfl 0.45 tl-lfl'.itl'W (Jlm) ttl'W!!'l.J'l.J 1'W~1'W'.it'W~'W (Polypropylene) 

'lfUfl Flotrex PN pleated filters, u1ir'Vl GE Osmonics i.J'.i~!'Vlfl'b1''11i'i~Hl.l1m 

- !f!~tJ-.:j4.:.J'IJtl-.:j Kern & Sohn GMBH (Model EOB 60K50) iJ'.i~!Ylfl'b1''11i'it!!lJ1'm 
v 

- t1.:.JU1bl'H\9l'Wn'lb1' 'U'Wlfl 1,500 ~\9l'.i i.ltl'l u1iJYJ Utl~.1.~ . n1tJ1iJ'.i~f1~ i.J'.i~!'Vlfl' 
q 

v 

- t1.:.Julbl'tt\9l'W!~b1' 'I.I'Wlfl 150 ~191~ 
v 

- 5-.:jul 'I.I'W l fl 200 ~19l'.i 



1500 L Tank 

Source water 

Sand filtration 
pump 

filterered and softened water 

Back pressure valve 

' 

Reservoir 
Tank 1-200 L Submersible pump 

Reverse osmosis 
membrane 

(polyamide from 
GE Osmonics) 

?1 
J> 

Cation exchange 
resin 

200-L permeate 
tank 

"'! ... -
3232 'i~'U'U!tleJmtNU'U'UVCH'l'il (UltrafiltratiOn Membrane) 

~~u~~~h.!m'Yl~ 3.5 

,;.d 9)0J 2 
'U'Wl~'i'Yl'i'U Model Number 'Yl 'U 'Vl 'l1 'U 1191 ~ (em ) Batch Number ... • 

IK UFP-1- C-4 MA 625 4-1533 

3K UFP-3- C-4 MA 625 4-1134 

5K UFP-5- C-4 MA 625 4-1484 

IOK UFP-10- C-4 MA 625 4-1408 

30K UFP-30- C-4 MA 625 4-1436 

lOOK UFP-100- C-4 MA 625 4-1349 



500 

450 

£400 
:1E 350 
...J 

-; 300 
:::s 

it= 250 

.2 200 ... 
~ 150 
0 

en 100 

50 

0 
0 

:o:IKI 
[o3 K 
L:~5K 

X 10 K 
::K 30 K 

I 

o 100 K i 
'-----~ 
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50 100 150 
Operating Pressure (kPa) 

mnm'W~ 3.5 t~'W m1vJu~~ .:J~ wJrrnCJf'~?h.:J"l 'Ua.:Ju~!;l~tJJlJLtJ';j 'W~tlJ~u'WulJ];].:J! l11'11:u 

fi11JJI9i''U~i. ~'VI~~au i. 'W fll';j ~ 1LU'W ';i~'U'U U!;l~ 'il1flfll';jfrfl'l:nmu ~:uiJ~'UV.:Jfll';jci1JJ ~1'\.Ju~w:u:u 
q 

L'U';i'UU~!;l~'U'U 1~ 'il~Yi1 i. 1i''VI';i 1'U~1offJJi.h~~'VIffll';icJ1JJ ~1'\.J 'UtJ.:JH~'UtlJJJt'lJ';i'UU~!;l~'U'U1~ l~t:Jfll';i111 

ri lfi11JJi''W 'UV.:J u~ ];]~ n·nvJ 'il ~ 1 ~ ~ 1-ffmh ~~'VI fm';i ci1:u ~1'W 'U a.:Jw·hu:u:ut'U ';j 'W 1'11JJ\911 ';j 1-:J ~ 3.2 

' " 
g)l'n-3n 3.2 ~1-ff'JJ11';j~~'VIijm';jci1:u~1'U 

'U'U 119l';i'V'l ';i'UU~'ULJJJJ L'U ';i 'U ( ~ 1];1 \Pi 'U) 
"' . ~1-ffmh~~'VIfm';ici1JJ~·h'W (Lm·~- 1kPa- 1 ) 

100000 3.23 

30000 1.03 

10000 0.78 

5000 0.59 

3000 0.49 

1000 0.16 



Concentration 

l 
!----.Permeate 

Feed Solution 

Buffer 

Retentate 
Membrane 

Peristatic pump 

.. 
v o .e::.. ~cv 

3.3 'U'U~~'Ufll'a'Yil!'U'U'll'U1'iltl 

y y v 

h.!m':i1~trwu~'l;ll.JI'HJ'Wf11':i~11'U'W ·n'W~Hlt11ll'W 2 'liu191~'Wir1t1)"1 !~un 1) f11':il11 

'IJ'WWI hm'lf1ft'IJ~·H1'l';ifl'U'Vl~rJ1i':i';ilJ"b'l~ Uft~ 2) f11':iftmn1J'il~tJ~iJNft~~fll'Hl~~'U'IJ~~~g~m~~ • • 

U1J1Jclft\91':i1:Wr1!1'1':ii'W l~Utl oW !~'ll' Uft~'ff.fil'WflJllJU':i'l'IJ~'ll~~~'U f11':ir1l'IJ'Wl~ ill!ftf)ft'IJ~'l • 
...:::::.. dtl ...:::::.. ,J ~ 0 ~ ~Q.I 

'ffl':i~'U'YI':i tlll'J'Jll"b'l\91 .fil'W'YI 3.6 U 'ff~-:IUN'W.fil'W'IJ'W\91 ~'Ufll':i~l! 'U'U ~l'U "J'iltl 
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111'11\Jl~ ll1ll1f)ClL~vHLl1 

lJL1J1\J'Iltl1~ I K , 3 K 

,5 K, IOK ,30 KLLCl:: 

100 K UF membrane 

1 

. . 
tl1~1J ~1nu 11ft~U11i55 lJ'!f191 

5::1J1JLlJlJL1JHJ 

uuuoo'il' LlJ;ffH'u miu 

• 
Hft'IJOH111lJU5 ~1.h::~ 

NOM= 10 mg/1 

I.S. = 0.0 I , 0.05 

pH = 7 (IK UF) 

l11mn1~CltJ~ 1~v1'11 

'l"::uuon~l'nvhlm-'liu 

i~'llu,~ 1w"fl" 
i~om-1tmi11n 

d CLI I ~ 
3.4.1 f11~lf1'lJI'11'elfJ1~'U1 

~ ~ 

NOM= !Omg/1 

I.S. = 0.01 

pH = 4, 7, 10 (IK UF) 

1 

1'11 mh~u 1fl nu 1l.l 1 'il1f1ll '11 ri ~ u 1 ~h~t.! 1i ~ ':i l.l '151~ f11 v 1 'W'lJ ~ 11ru l.l'l11lYl v1i:lv 
"' 

V'lJ" ':i 1"lf1i l'W ~ ~ i ~lrlt.!u '11 ri ~ J1~ 'lJ ~1'11 r 'lJ m~'lJ 1'U m~ r-.~i~I'IJ1l~ 'e) m~ 'elU 1mmr:'l:::: 'lJ1tm1f11fJ i 'U • • 
~ 

ll'I111Yltni:lt~ 1'11mh~u1u~~l.l1tu 1 ,soo ill'l~flmn'lJ Hmv i t.!ti~fflll'lt.!tr:'lff nflt.!u wu'1ri 
"' "' 

~ j) j) ~ d rl oCII1 9 y 1 ~ QJ Q.l : 

m::::'lJ1'Uf11':i l'Vll.lfl11l.ll'lll.l'IJ'U'Ilfl~ff1':i fl'U YJ ':i V'Vl1~1i':i~l.l"lf11'1 ~w t 'l5~~'lJ'lJflVff l.lCJffff-.I'Uf11:'l'lJ 'U 1 

1'11'tlV1~flmn'lJI911flth~ur:'l~Y11m':i1tm1~Mfltu i:ln£Jru~l'i1~<"J i~un Vit'tl"lf, fi1m~'\.J 1 ivJVh "' . 

34 
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' ..:!( ~ e;!(f" tl ~ 
(Conductivity), flltll~~~f1l:l'UU'ff-!l UV254 nm Ur:1 ~ 'fflleJ'U'Yl~Vfl1~1Hl'U'Yl-!l'l1JJ~ (Total Organic 

Carbon) 
.d 91 <j) ~ dCf' ...:::t. 

3.4.2 m~ t'V'lJJfi11JJt'IJJJ'IJ'U 'UeJ-!l 1:1'11eJ'U'Yl1 V'Yl1-!l1l11JJ'lf11?1 

1~1J1JtgeJmeJ-!lU uu eJeJff 1JJ9fm'ru mi'u t1Ju 1~1J11~l.ffueJf11:1'1'J B'U'Yl1V'Yl1-!l 

.. " 
1. ~~ul'11t~v1-!lu1~1mm~-!lu1~m.J"J~mm 1 ,ooo iJI?lj 

Jl I I I 

2 . ~1'Ut~1rim~111'Um1ih1J~njeJ-!l~'UtV1m111i~~-!l'ffm.Jm~Hi'll'U1~1mu u1:1~ 
~ u 

1 :y, ~ o991 : l!J9)d 
3. fl1'Jv-l1'UU1t'll1ff'J~1J1JWtlmeJ-!li'11 ~'l11:1'1JJl'Jfl t Wf1'U1fleJflJJ1 tfHllu 2 'hu 

~ 

J/ I I I 

;i eJu 1-viii ~l'U 1 ~1111 tveJ m eJ-!l u uu t1 eJ 1:1' 1JJ clfm'ru mi' u-Yi iJ fi11JJ 1:1'~ m~ 1:1' -!l 111 t1 iJ fi11JJ ~~ JJ ~'U 'IJ t1 -!l 
~ 

I J/ 9J I I 

ff1'JV'U'Yl161'11mm'1rmri1'UU';h rv·w{iiw'Yl (Permeate) Ul:l~th-vi1li~1'Uttlt1mt1-!l t'1vn11 

.s., $1$1 "" """' "" ~.,; 
flel'U!9l'Utm'Yl (Concentrate) 9f-!lJJf111JJt'IJJJ'IJ'U'IJB-!lff1'JeJ'U 'Yl'JV'Yll-!l1l'J'JJJ'b'll?lff -!l tl'U t'U tl-!lJJ1~1f1 .. 
fi11JJ'ff1JJl'JfiL'Utll'Jnf1fi'U (Retention) 'lltJ-!ltgeJmtJ-!l 

" " . 
4. YJ1tll'Jt1vu (Retentate) U1flfl'Ut9f'Utl?l'J'Ylflcl1JllJu-!lti-!lfJeJu v-lffJJnu'W1~1JtVifl 

" ~11h~mm 970 il~?~'J Ur:1~U1fltJ'Ut9f'Utl?l'J'YIL'Uti-!lfJeJu l:lf'll:l-!lm~mh~mm 30 il~?~'J 

.::. ~. 'j) 'j) ~ d.tl.d! 9"9 ~ ... t ~ ~ ~ Cll 

1tfi'J1~'!1fllfi11JJ!'IJJJ'IJ'U'Ufl-!l'ffl~el'U'Yl 1 V!'V'lfl t 'b' !'l...i f11'Jr.'fl1:111J'J~'ff'Yl1i fll'V'l Ul:l~fll~ tfl~tll~ tlfll'l'U 
q 

'Ut1-!l'ff1~V'U'Yl16'1'11-!l1i 'J'JJJ'lf1~1J'U~h'lleJ-!ltgeJm eJ-!l uuueJ'r:1m1~!:1tl?l'JoB''U IOieJ 111 
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1 o o .<:::::!. ~~ I o lfi9J I Q.l 

\?lti'Vllfll'~\?llt'W'WJ~1J1HHJfHu'W 2 {l''J'WfllJ'Vll\ll'W !I?IUfl Concentration Mode fl1J 

Dialfiltration Mode 

" " .d. Q.l Q,.l ~ 

3.5.1 Concentration Mode JJ'U'W\91el'WI?I\l'W 

,d ":cv I 3) ~ ~r/ ~ ~ Q.J I .r::::r, I 

1. t\91 'JtJJJ'Wl\911eltll\lfl11JJt'IJJJ'UeJ\l{l'l'Jtl'W'Vl'Jtl 40 JJtHlflJJJ\91el"\91J fllfl11JJUH 

'Utl\l1.h~'ilt'Vlln1J 0.01 U"~.Wtt~'lH'Vlln1J 7 1.11JJ1191'J 10 ~\91'J • " . . 
2. Yllfll'J fe(;d '11wi'1mh'l'Vit191~ tJJJ H11?1tJYllfll'JtWfl'U'Wll?l'illfHJJJJt1JJ'WYllJ 

'U'Wl\91 1oo K nv'W 
. " . 

3. 'flltU'WJ~1J1J ttl'il'Wii'lm~-n\lul imh'WYiv~l mh'W Concentrate mi1v 

" 
4 . YllfllJ Dialfiltration Mode tn1JUll'l1Vrh'llmh'W'UeJ\l Concentrate U~1'111ttl 
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" " .:::SQJ QJd, 

3.5.2 Dialfiltration Mode lJ'll'W~fl'W~~'W 

1. vl1fll~ feed 'ff1H1::;mv Buffer ~iirhfl11lJU~~th::;~rvhntJ 0.01 tm::;lirhwt-e:J'lf 
q 

rvhn11 7 

" . " 
3. '1-hff1'W'llfl~thrvw!fimvrYi~1tJm::;tJ1'Wfll~ei(ll'l':ilVht~~i't.n1~ 2 ~::;tJtJ1th11 

fll~!Wf1'll'W1~ 1l.Jt(lf1(1~ 30K, lOK, SK, 3K, U(l~ lK ~1llih\9ltJ~fl 11.1 
q 

" . . 
4. ihri'l'W'llfl~'lhrhllu Concentrate 'llfl~U~(l::;tlJlJttJ';I'W'Yi1~hlv11fll~l~'ll'W1~ 

llJ t(ltJ(l 'lJ -e:~~ 'ff1~ ~'W 'Vl ~ v~ v11n 1 ~frf)'I:J 1 

<lK,lK-3K,3K-5K,5K-10K,10K-30K, 

30K-100K U(l::; >lOOK 

3.6.1 U~'WtlJlJttJ~'WHtJtJei(l~';i1i''W 

pH= 7, I.S. = 0.01 M, NOM= 

40 mg.L 
·I 

Buffer (pH= 7, LS. = 0.01 M) 

1um~1~v1~tn-e:~meNUtltJU(ll'l~1'llfl~ AJG Technology Corporation ~f1'1:Jtu::; 
:'1 , ~ ~ 1 , c:l "' 1 'IIJ ~9 

'Ufl~tlJ:Ut'lJ'jtJ 1l~t1J'WU'U'U'VleJ:JJ'l'WlJeJ~mvu eJfHl~flmv lJ~(JU'U'U'VleJ11~1fi'U mm l'ltiU'll' n t u 

'ffTJ(l~(lltJ Sodium Azide fl'dll.lt<fi'mi'u lOOmg/L tvim~-e:~~numn111lfin1v1ntJ-e:~eJn9ft1!'W ull1 

'W1 hJu'lf1 ~1 u~tvwvitJ(l~m~ t ~1un~tJ 1~'lltJ~utJfi'Yit1v~iif-l~~tJ~1'11'!! 1tnml'jtJ~ 1~mntJmtJ~ 
~ u 



. ' .:::1 Q.l~ .:!I Q.J 

Yll'HH13.4 fJW'fflJU\9\'UtJ ,:af.ltlfl'HJ..:jUU1HJCl\9\'ll'UtJ..:j NG Technology Corporation 

' fll 

Hollow fiber cartridge 

Polysulfone 
r-------------------------------~-------------

fl'Jllltll'J 

. 
3 .6.2 fll'lYJlflllll'ff~e:n\9\tVe:JmtJ..:j 

" " d. Q,l Q,l d. 

lJ'U'W\9\tJ'W\9\..:jtJ 

<1K,lK-3K,3K-5K,5K-lOK,lOK-30K, 

30K-100K UC'l~ >lOOK 

0,625 m
2 

31.8 em, 

3.2cm. 

15 psi (724.5 kPa) 

' ' " 
1. ulttiama..:juuufl'Cl\9\'llVi 1~tnui'mn Haanlll ~,..:j~'Jf.ru11h1f1'1l1n1aaatJ 

" ' ' 
2. ~\9\l'i.:~ttiama.:~ 1 t.!'lf\9\'Vl\9\Clt~.:~ttiama..:j • 

38 

3 . YJlfll'l~l..:j!U'ff t\9\tl'l.ff~'Jf.i'ffl'le'I ~ Clltl NaOH t'li'mi''W 0.001 tlJC'I~tJiJ\9\'l t\9\tl 

fll'l'Vhl'lf~..:jll'j~lJltl! 45 'WlVi 

~ 'J) :-1 liJ ., • :-1 liJ .:, "' 
4. Cll..:j tltlfl\9\'Jti'W 1u1 lrl"ill fl ttltJtJ'W t \9\ tiJ:-ll'W'W lu 11 f1''illfl ttl~HJ'W 'il'W m ~'Vl..:j'VHtJ'lf 

)/ t )I I 

od. ta.~d od~t 

'U tJ..:jtJ TVltJ tJfl1J 1m~ u Ut 'I'll flU 'I'HtJ'lf'U tJ..:j t.1 l'Vlt 'Ul'ff'l ~'U u 
"' 

" 0 .Q fj} 0 Q.l I 

5. 'Vllfll'l !\9\'W ':i~UU\9\'JV'W 1\9\ltltll..:j 

d .., 
3.6.3 fl11tflU1fl'l:Jl!lJ:I..HU'W 

d I!J'Ji'l ., "' liJ " 'J) 'J) d IJ]'Ji'l ~ ..,j 
ifiU n t'W'ffl1C'I~Clltl t9H\9\tlllttJ t9f\9\fi'Jlllt'Ull'U'W 100 mg/1 mu n t'Wfll'lf'W~u\9\t'VItJ 

~hJ'l -H'~lJ~'fffJfleJ1fllf1'~tJW '11 fllJ4 tJ..:jf1'1!9f"!;tl'ff 
"' . "' 

" ' Q,l ~ ,:!f. Q.l 

3 .6.4 'U'W\9\tl'W fll':i!\9\'W 'l~UUWtlfl'ltJ.:!UUUtJC'I\9\':il 

!fl~ tl-l~tl~ 'l.ff'l 'Wfll'l 'Vl \9\ 'fftJUfl11YJl..:jltJ 'U tJ..:j ttam fl..:jUUUfl" \9\ ':ilYlClt\9\':ii''W 1 ~Ufl 
..,j .J d ..,j 

'J!\9\'Vl\9\CltJ..:JWflfl'lfl..:j (NG Technology Corporation) 9f..:j!U'W1~UUWtlfl'ltJ..:jUUU1'11C'I'II'Jl..:j 

(Crossflow filtration unit) ~..:jfll'VIVi 3.5 t\9\tl'l'Wfll'l'Vl\9\C'Ifl..:j~'Jtl':i~UU!gtJmtJ..:jUUUflC'Im1YJlfl11 
" 0 .., "' 

fl 1u flllfll ':i 'Vll..:j l'W 'U v .:~':i ~u u \9\.:!'W • 
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"' IIJ .,: 31 
- tl\9l'Jlfl1':i t'\1i:'lt':ill\9\'U (Initial flux) : "" I "" 1.68 i:'l\9\':i\9\tl'U1'Vl 

- fl111l~'U'\Jtl.:jfl1':i~1tthJfl1':i I5 Vlm'lfltl 

- nm~1~1um':it~'U':i~1111 "" 250 'U1'Vl 

3.5.I Ui:'l~ 3.5 .2 

" ' minWm.J 45 'U1Yil~fll'l':i1fll':il'l1i:'l'\Jtl.:jtJ1~1'UtVtlf1':itl.:j (Pure water permeability) 1H'11ff.fll'J~fl1':i 
0 "'IIJ31 I 3131 31 

'Vll.:j1'U 'IJ tJ.:j'j~ 1111 ~ .:j t ~ fli:'l11111Ui:'ld'IJ 1-:j \91 'U 

' " 
4 . 1~fl'l'l':i1nn1'111:'1 'Vlfl IO ml11mh.:j I •ih llJ.:j!t':ifltti:'l~'Vln 30 t.nl1mr.:j~1m1u • • 

\9\i:'ltl~fll':i t~'U ':i ~ 1111 t~tlftfl'l:Jlfll':i'Vl~i:'ltl.:j'\JtJ.:jfl\9\':i 1fl1 ':i , '11 i:'lfl'Ut'd tJ.:jlJ1~1flfl1':it1~19i''U fll':i l~fl\9\':i1 • 
" ' m':il'11i:'ll~CJ'l'*iimnt~1'1lm~ 100 iJl:'l~~m ':itJ.:jthl1~1'Utltlflll1'Vl1.:jt'Wt11iitt~'Vl t~unm 1 tn-vi 

I )} t I )/ t 

u~1th1'l.J~.:j'lhrn1n (t'WtJ.:j~1n~t~~m':im1:uuliuih~.:j~tJ.:j'l'*m':i~.:jtJTJ-1'1Jfl) rwm11t.J1tumfl'm1 

m':i 1 lH'l'\JtJ.:jt'Wt~1ilm'Vl 

5. t~11~1tlV1.:jJ1tm~l41 1'l.Jitm1~lifi1Vlm'lf i:'l'.fll'Wfl1':itJ1tvh~1 fi1m':i~~ni'lu 
"' " ' ' 

Uff .:j ff1':iV'U'Vl~ v-.1-:j'HlJ~ !~ tl'Vl~i:'l'tl11fl11111:'1'1111':itl'IJtl.:jtVtlfl':itl.:j 'l 'Ufl1':itlfli:'l'1':i 1~m~1119i''JtlV1.:j 
" ' 

11-:j'HlJ~ 6 19i''Jt~V1.:j Yi'!.J~mm 250 iJl:'l~~m, I ,ooo iJl:'l~~\9\':i, I ,500 iJl:'l~~\9\':i, 2,ooo iJl:'l~~\9\':i, 

2,500 iJl:'li1~1'l':i, ul:'l~ 3,000 iJl:'lil~l'l':i 1vwi11m':it~1119i'1t~V1-:!J1t'Wt~1iim'Vl 
6. Yi 1fl111l ff~t11~ttt~ n ':i tJ.:j #1 -:wJ1'!.J ':i 1ff~ 1n 1 t1 t1t1 u trl t~t~ u ':i ~1111fl ':i 11 ni:'l1~ 

" " 
ih11u ~ 1~vm':i 'l '*u1'l.J ':i1ff~ 1n !t~t~tl'U 1ri 1:'1'1':iV'U'Vl~ v'Vl1.:j1i':i':ill'lf1~'l u ':i~1111tlt~nmnt~u 1~v 1 '*u 1 

'l.J':i~mtu I ,ooo iJl:'l~~\9\':i t~'Um':ii11fl111lff~m~ff1':i V'U'Vl~ v~tm~t~V11t.J~bm!1ttt~mt~.:j 1~v ., 
' " " m':i~~'lf~.:j 1'*r:nn'l.J':i~mtu 45 ml11~fl'm lm':i l'111:'1'1Jtl.:jtht'Wt~1iitt~'Vl ~1f.Jfl1':i~1'UtJ1'l.J':i1ff~1n 

ltltltl'U 

0 .d 311') 131 1""11J IIJo' 
7. 'Vl1fl111lff~m~wtlmtl.:j~'JCJ~1.:j t~CJH1'U~'JCJ'i:l1':ii:'l~l:'ll(J C)ft~rlll tB~':itlfl t9f~ 

t'!i'll'li'u O.OOOI llll:'ll'it~~m 1~vm':i~~'lf~.:j'l.J':i~mtu 45 ml1 t~t~Yi1fl111lff~m~i:'l'1':iV'l..!'Vl~V'Vll.:j 
I I I SJ 

1i ':i ':i :u 'lf1 ~ l1 t1 n ~ ~ i'11 u 1:'1 ~ t1 ~ \9l u tv t1 n 'J tJ.:j l1 iJ.:j t 11 i'l t1 t1 d 11 ~ .:j ~ 1 n Yi 1fl 1111 1:'1'~ tll ~ ~ 1 v '11 1'l.J ':i 1ff~ 1 n cu cu q <u 

" " lt~t~t~'Uul:i' 1 1~fl'l'l'J1m':i 111 1:'1'\Jt~~'\.J 1t'Wt~1iim'Vl ~ 1r1m':i ~·hmJ11h 1ff~1nl t~t~t~u 
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s. ~l~t~flfl'HJ~~-:wJnJ 'Jlfl''illfl itJtJtJ'W ~nflf~ tm~arhu~tJmtJ~~~l'Wfll'J 1 '*~l'W 
u~1 t~m.h hl1tm1~1i'Yn'!-n:lniil'Wfl1'JtJ~I'i'W~tJ itl 

' "' 'Yl 3.5 

.. . 
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' ' cl.c:!i if Q.l .c:::I..:::S if<U-U't~fi11Jfl~ 'll 'Uti 't1 fl fl'ln fll't1flfi'Ml • 
f'i1fl11lJU '5' ~'Ua~Ll'S'::: 'il 0.01, Ufl::: 0.05 M 

·I 

• NOM = 10 mg.L , pH = 7 

'"' ,4, 7, Ufl:::10 
-I 

fiTVH a 'If NOM = 10 mg.L , I.S. 

I 0.01 

3. 7.1 Hfl'Ua~fl11lJm- ~'Ua~Ll'J:::~ (Ionic Strength) 
..::!{ ~ e::! cl ~dd 3) 3) 9) : 1.1] 

1. ! 'ila 'il 1\1 ~1'Ja'U 'Vl'J V'Vll\11J'J'JlJ'lf1~'VllJfl11lJ!'UlJ'U'W ~ \1 19l1V'W1Ll'J 1fl''il1fl !UUB'W 
"' 

111'iifi 1fl11lJt.u'lJ.u't..!Ll 'J~mrn 1 o :iJf!~fli'lJ'Ua\lm{tJ a'UI9i a~m 

2. Ll-f1JVlW'lf1MiifiTih:::mrn 7l~Vfll'J1i' HCI fl11lJt.u'lJ.u''U 0.01 llJfll9ia~~'J 
"' 'J) 'J) ') I "> 

11'Ja NaOH fl11lJt'UlJ'U'W 0.01 !lJfl~afl~':i 

3. 1~fi1fll':itJ1t'VJ.Yhr~a 1 i'hJm'JLli'1Jfi1fl11lJU'J \I'UB\!Ll'J:::~ (Ionic Strength) 

4. Ll'f1Jfi1fl11lJU'J~'Ua\ILl'J~'il L~vii' NaCll~VUthf'i1fl11lJm-\I'Ua\ILl'J:::'ilt'Vlltl1J • • 

3.5 

' "' 3.7.2 Hfl'Ua~fll'VHa'lf 

' "' 
1. t ~a 'il 1\1 ~1'J~'W'Vl~V'Vll\11l'J'S'lJ'lf1Afiiifl11lJt.u'lJ.u''U1:1 \1 ~1vtl 1'll'J1fl''il1fltaaa'U 

"' 
9 3/d I 'j} 9) ... f C). .:::, Q.l r/ I ~ 
! 11lJfllfl11lH'UlJ'U'WU 'J:::lJltl! 10 lJ(l(lf1'S'lJ'UB~fll':i1Ja'U~Bfl~j 

2. Lli'tJVlm'lf 1~wull':ifi1Vlte'lf ~ 4, 7 u1:1~ 10 1~v1i' HCl !"ti'lJ.u''W 0.01 1l1J:~I9ia 

~~':i 11~a NaOH t.u'lJ.u''W 0.01 LlJ1:119ia~~':i 

3. 11Plfi1fll':itJ1l vJvhr~a ii'1 'WflnLli'1Jfi1fl11lJU'J \1'\Ja\ILl':i~~ (Ionic Strength) 

4. Ll'f1Jfi1fl11lJUH'Ua\ILl':i:::'il LIPlVii' NaCI11i'iJfim·hn1J 0.01 llJJ:!\9iaiJ~':i • 
0 C> <V ::7j <V dllj 'J) I llj 'J) 'J) 'l 

5. 'Vllfll'Jt\9\'W':i:::1J1JtlJlJt1J':i'WU1J'Ual:l~':i111l:lt~':i'lf'WIPI1lJ'Vl !19lfl(l11 rJUJ:l1 !'W 

""' 'J) 
111'\Ja 3.5 

"' ' 1'1 1a V1\l 1-J 1 Vit~u 'il1flfll':i fffl'hl 1 Hl:lm::: 'Vl1J'U a \Ill 'il ~ v\9i 1\1 "1 'il 1 flfll'J t~ 'W 'J ~1J 1J 

tlJlJt1J'J'WU1J1J efl~':i1:Wflt~'J i''W 1-J 1lllltfl'J1:::'11fiTvn':i 1iit~a{l9i1\l"l ~\lu ~191\1 H1 'W m1 1\1~ 3.6 

= 
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dt "' 
lfl1el\11~ Conductivity 

UV-Visible Spectrophotometer 

Total Organic Carbon Analyzer (TOC) 

HPLC 



., 
4.1 fJWilfl'l:IW:::'Ue~'l.l1~1f:l£h.:J 

' "" 1J'Yl'Yl 4 

iJ I iJ I 

tt 1,-ni-rw 1ti1~ul11 ~1 'WflTJ f<l~l'rw 11h ~1hrw eJf111 mJ1.flfltt~~1J1i.flflfllt11 'W'lJ111ii'lvl~t1 
q 

"" • ft1~1Y1,~ 'W11ll.J!flf)'j 

"" VUeJ'Il' 7.04 

c' ~ -I 
{1'11fi111JeJ'Wi'l~11'lJ'fl (Total organic carbon) 5.54 mg.L 

<!! 

f111~'flf1~'WU{1'~ UV254nm(UV Absorbance) 0.1432 em 
-I 

<!! 0 • 

f111~Yif1~'WH{1'~1JltVn~ (Specific UV A (UV254nm/TOC)) 
-I 

5.98 L. mg . m 
-I 

nwthivHh (Conductivity) ~'QW111Jll 25°C 30.7 JL S.cm 
-I 

fl1l'lJ~'W (Turbidity) 6.25 NTU 

'J) 

fl1 1 'lJf1':i~'fll~ (Hardness) 15.4 mg as CaCO/L 

fi11Wrl'W~h~ (Alkalinity) i.e. HC03- 22 mg as CaCO/L 

111mtuufl~tCJ}mJ (Ca
2
+) 5.6 mg as CaCO/L 

111mt>..!tt'lJf1Utt)}tl'lJ (Mg
2
+) 9.8 mg as CaCO/L 

111llltufl~eJt11Pf (CO 3.25 mg COL 

111mru~mvJI'l (so/) 
2-

0.07 mg S04 IL 

v v 

'Olfl'li'eJ'lJ~ 1 'WI'll11~'il~t11 u ~~-;hfil 'illf1'Wl1llJ!I'leJ{"LLeJ~u 11'i1mh~ iifi1flru mJ'J!~~~i'll'l 
~ q 

" . 
flltl.fll'W t!~~fl ru {Y'lJli~i'll'l tflii fl ui 'Wlfltu cvl'lJ1191 H 1 'W "LL fl'IU 1~1J Vi {1'1'lJ11fiU 1'JJ1l11f111 f-.1~191 

q cu d f 

)} I J/ I f 

thl11~l11 i~dju mh'l~d1ml1v1Jn1JI'l11Nfltu.fll'Wth~ul'll'lJI'l111'1Yi 2.3 u~~fi1VlW'Il'"LLeJ'IYi1Y~ i~ii 
q 
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m11lt~'Uyf.:jl1:1J~'UV·nf1~1liirhrvhn1l s .54 iJ~~ni':ul'hJ~I'l1~.:jtJu'l u'1f1.:j~'l oMYl1f111ftmnfiv 1 o ... 
" ' .o=::\ <£::to Q.l I oil:!:!. .c:l 0 Q.l I .::::! t ~ Q.l 

lJ~ClmlJI'ltJCll'l1 ~1nnn tl'l'J V:IJ'U11'11t~tn.:J'Yl Nl'U m~1J1'U m'Jm fl.:jtt 1J1lt.Jt~'U f1Cl1J 

" ' 
'l 'U f111ffmmWI'l fl:IJ1fl'\Jfl.:j"'11fl'U 'Yl ~ ~1i 11:1J'b'1~'\J tJ.:jU l1 ri .:jU 1Vi'Vl1m1ftmn1l'lt.J i oM • 

t:JJ:IJ!1l'J'U'\J'U11'l 100 K, 30K, 10K, 5K, 3K, ttfl~ 1K l'l1lJ~ll'l'lJ "'1:1Jl'JtHWf1'lf1.:J'\J'W11'lt:JJt~f1~'\Jfl.:J • 
"'11fl'U'Yl~V1i'J'J:IJ'b'1~ll"i'l'l1:1J'lf1.:J'U'W1~:1Jlf1f1':h lOOK, 'lf1.:!'\J'W11'ltlJmf1fl 30K-1 OOK, 'lf1.:!'\J'W11'l • 
t:IJ!~f1~ 10K-30K, 'lf1.:!'\J'U11'lt:IJ!~f1~ 5K-10K, 'lf1.:J'\J'U11'lt:JJ!flf1fl 3K-5K, 'lf1.:J'\J'W11'lt:IJ!flf1fl 1K-

q q q q 

3K u~~i1.:J'U'W1~Ut!t.JW:h 1K l'l1li~W11l tm~'Vl1m1ll'll11u1mtu:IJ1fl'Ut~.:J"'nfl'W'Yl~~1i1'Jll'b'1~ 

l'l1:JJUI9i~~'lf1.:J'UtJ.:j'U'W11'11:1Jt~f:Jfll'i1.:!~ 11'lt~'1.-Mt'fl!t~.:J TOC 

,;1-3'\JUl~ h.uttfJil (matlru) 
jJ "" <O!o! jJ "" 'J~U~~'ll~-3~1~~1'J~Un'JU 'J~Utt~'ll~-3m'J~t:ymu 

<1000 18.2 0.4 

1000-3000 5.6 0.2 

3000-5000 4.7 0.6 

5000-10000 7.2 1.2 

10000-30000 9.0 0.5 

30000-100000 10.9 0.6 

> 100000 40.0 0.9 

11:1J 95.6 4.4 

hh~tJ.:!lJ1\1 1f1ii 1l1.:!ff1'U ~ ij f111 ~ l'lf>i' 1.:! 1l'U ~1t:IJ:IJ I 111 'U t \91 tl~ !t~'Wt:IJ:IJ!1l1 'U '\J 'U 1\91 5000 ~lfl~'U ~Yl1 

f11'J tWf1'\J'U1~ tllmf1~'\Jtl.:!"'11fl'U'Yl~ ~1i11:1J'lf1~'l u'lf1.:1 5K-1 OK iifi1tuv{t~'W~f111"'tlHiYV:IJ1~ . ... " 

'UtJ.:j"'~'J fl'U 'Yl~ ~mn~"'l'lfit~ 1.2 tuv{t~u~~~ v.:~ ~1ni1'1J'W 11'lt:um f1fl'\JtJ.:j"'11fl'U'Yl~ ~1i n:u'b'1~l u • • 
:&:::1, d Q.l' ~d. f <j) d. q i/d Q.l 

'Wll'l1l:IJ'\J'Ull'l 4,144 mlll'ltl 1:u~ 9f'l:IJ'Il'W11'l'flti'U'Ill'l'Yl~~ tf1flt'fltJ.:Jf11J'Il'Wll'l 'lltJ'lt:JJ:IJt1J1'Wtt~~~,n 

f11)fff1fll~lJI'l~lJ1~'Y'l1J';h'lf1'l'IJ'Wll'lt:JJt~f1~lJ1flfl 'll lOOK lJ'IJ'Wl\91 17,687 nf:u\9lt~iml UCl~lJ • • 
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4 5 --------------------------··-----------·-·-·---··-·-·-··-----·-·-------------·-------l 
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1.4 

::1 1.2 'Ql; -~ 
~~ 

1 -

~ 
0.8 r 

c: 
? 

0.6 Gl 
(;:I 
~~ 0.4 (Z 

::1 
(QI 0.2 ,)~ 
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' 
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10K-
30K 
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-

,---

30K- > 
100K 100K 

•• 1 .d • I "' d "' = "" "' <1 'i , 'Ulflfnlnfll'YfYl 4.1 !utl'H9f'W~lJ1r1'\Hl·H'I'1'Hl'W'Yl'H.Jfi1~1Jtl'W'ti'WWI !ll!i:'lflrllllflfldl 100 
q 

t::t"' 1.o=:::. .e1 ~ 1 t1 d c1 ~ .d t1 t1 
lOOK, lOK-30K, 5K-10K, 1K-3K !W~ 3K-5K lJu~lJ1U!lJ!utl1t95'W~lJ1r1'tltl ·-'H1'1~eJ'W'Yl~!'Jfi1~1JeJ'W 

lOOK, 'lh~'ll'WWI1lJ!r1f11:'i30K-lOOK, 'l.f'J.:J'l.f'Wl~ 1lJtr1f11:'1 3K-5K, 'lf1~'l.f'W1~ 1llWf11:'1 10K-30K,'lf1~ 
q • • 

1 31 ' ' 1 d., J!:S ...::::. .do' 
'ti'Wl~ lJ!i:'lflrl'WeJ!'JfldllK Ui:'l~'lf1~'l.f'WWI lJ!i:'lf1rl 1K-3K ll1eJ!'Ji:'l~'tiU~fl1TfftlHi:'l'!'J'l.feJ~i:'l'l~eJ'W'Vl~!'J 

q q cu fJ 

tl f Q,l 0 QJ & 9) Q.l ...:::t.QJ 

fi1~1JU'Wt'Yl1f11J 0.9, 0.6, 0.6, 0.5, 0.4 Ui:'l~ 0.2 ~llJi:'ll~U 95~i:'l'eJ~fli:'leJ~fl1J.:Jl'W1'1l!'J'l.feJ~ Fan Ui:'l~ 

" fltu~ (1997) 'I"'U1llJ1i:'l'l.feJ~t11~~'W'Yl~V1i~ ~lJ'lfl~ri1u h'ltY'tleJ~mni~ul~h~u 1 u 1i~~lJ'lfl~lt1Ju 

milli~ 1~~ 1-vJfifl~ii'ti'Wl~ 1llti:'lnl:'lf1eJ'W~l~hmi 
q q u 
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ffl'j"fl'W'Y11v~\~~u u~-nhuul~ 1:1Jmm'l'lltl'lffl1V'U'Yl1v'!i1'HJ'l5l~u~-rl~'lf1'l'IJ'Wl~ 1:1Jt-rln-rlmm 
q q 

'IJ'Ul~ hw1~tfl~tl'l HPLC 1mJ1l~ftf1'l:Jl mfi1 Mw ~'lfitJfil JTr~un1:1Jt-rlf1-rl!'Q~tJ !!-rl~fil Mn ~'l 
q 

tvhtilJril ~l'Ul'W 1:1Jt-rlf1-rlm~tJ ~'l1l~UWJlfftJ'lriT6mt111mJtYitJ1JBI911lril'W1~tdl'l Mw/Mn 'il~ 
q 

" .Yh 1M' 'ffll.ll1f:l'Yl 1 l1J~f1i:Jtu~'lltJ'l'ffl1V 'U'Yl1 V'!i 11lJ'l51~1 uu11 ci'l'W 1 -:hlim':lm ~ 111tJI'll'lltJ'l'll'Wl~ 
" ' 

1lJ!flf1-rl'lltJ'l'ff11 V'W'Yl ~ V1i11:1J'l51~1 uu 11ci'l'W T:hmm! t~m.WtJ'l1~ 11'wYi ll1'lf1'l'U'U Wl1l.Jt-rlf1ri'IJ€l 'l 
q q 

'ffl':lfl'U 'Yl1 V'!i 11:1J'l51~~1iri1 Mw/Mn 1iri1U tJtJni111i!'lu ff~.:r:h'lil'l'IJ'U 1~ 1l.Jtrlf1rl'lltl'l 'ffl':lfl'U'Yl~ v 
q 

" ' ' 
1i11lJ'l51~u u li'llu 1~rit~u 'li'1'lYi 11~ 1 m1't~V'ltl'U u~ll1'lf1'l'U'U 1~ 1m-rlf1rl'lltJ'l'ff11V'U 'Yl ~ v1inlJ'l51~ Yi 

q 

1iri1 Mw/Mn 1iriunnni1'11i!'l!!'ff~'l i1'lf1'l 'll'U 1~ 1mr~ f1rl'lltl'l'ff11V'W 'Yl ~ V1i 11ll'l5l~J uli'll'U 1~m1 
q 

" m~ 1llVI'll'lltJ'l ffl 1 V'U'Y11 V1i 1 1:1J'l5l~uuri t~'W'Ii'l'l 'il~li'llu 1 ~ 1:1Jtr~nr~ '11rllV'Il'U 1~ 
q 

'!J'l-!l~hm:tflt'l ' ..... 
MW MN rllfll'Hl'a~'llltJVI1= MW I MN 

q 

< lK 187 209 0.89 

1K-3K 277 136 2.02 

3K-5K 352 174 2.02 

5K-10K 441 219 2.02 

10K-30K 267 281 0.95 
I 

30K-100K 500 863 0.57 

>lOOK 
I 

17687 827 21.37 

" 0 "" 4144 244 16.95 'W1~1J 



::I 
"1~ 
~ -~ 
c 
~ -~ 

It""' c: 
d~ 

~ 
r 

~0~ 

20000 
18000 
16000 
14000 
12000 
10000 
8000 
6000 
4000 
2000 

0 
<1 K 1 K-3K 3K-5K 5K-1 OK 1 OK-

30K 

'2JU, Gl1:,_. t~ fl ~ 

' "' ' 
fiTVfn 4.3 '11111'1!n1l1mfJm~~v'U~\lul9il:'l~i·:wum~ L:1Jtl:'lfJI:'II'i1'~"1 

30K- > 100K 
100K 

~ ~ c/ d I I Q.l & I d I .d<>t 9) I <>t $1 ..::9 .d 
t'Yl'W'W'Vl'W 30K-100K :1Jf11t'V11fl'U 0.57 9f\l'f1lf111m~~1tltU'Wfl1'Vl t'll''U'I'U~fl t11'Vl'J1'Ufl\lf11'J'Vl 
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' ' "' 
1:1.1 tl:'l fJ" 'U ~ '~ tYn vu '1'1 ~ vYit 11 Vi1 m1 ~mnli 'U'W 1 ~ 1:1.1 tl:'l fJ" 11 mv'Uu 111 Yi 11 u tiu ~~i. u m1 "~ m v'l! u .-, 

' "' ' 
tm~111r.m1vJYi 4.3 1l~vnr:hthl1'wn1:1.1mn"m~tJ'UtJ\li1'1'U'Wl~ l:IJ!l:lflfl-a'tJun11IK, i'l'I'U'Wl~ • • 
1l1t~f1" 1K-3K, 'lf1'1'U'W 1~ L:1.1mn" 3K-5K, 'lf1'1'U'W 1~ 1:1Jt(;lfl(;l 5K-10K,'ih'I'U'W1~ L:I.Jtl:'lfl(;l IOK-

q q q q 

"' "' "' 
30K ul:'l~ 'lh"l'U'W 1~ L:I.Jmfll:'l 30K -lOOK U'WJJ'U'W1~'11111'1!n1:1.1mn" 'lm)'t~V\ltl'W utY~\1 'l'l1'tliu-h'll1 • • 

" 'J) I t 

i. uu'l1ci'lu 1i1-ff1u 'lmu 11~li'Uu 1~ 1:1.1mn".Yit~ntiu'Uu 1~ L:I.Jmn"-Yli.mutt.U\1 'l '11'tltuttlu tHNnciJJ v q q 1:.1 q 

G) I .& Ql cv fS' Q.l I 'J) I G) I .<:::l .,::t, t/ .Q.d I d 'j} 

t 11 1Y1 9f \1 t'Y:IJ'Vl 'W 1ifl'Ufll'.i ~tJ(;I ~ ~'J'W t 11 q)'Utl\1 t'Y1'.i ~'W '1'1 'J tJ1i'.i '.i:IJ'lfl\91 'Vlt'Y'J'W ~~:IJ',j ~ tii:'I~'U ~\1:1.1 ',](;~ 

tY1'Jvu-:,~v1i'J'J:IJ'b'1~ 4o 1u'lf1\l'U'W1~~mnn-:h 1oo kDa tiuf~vi:'I~'U~\l:IJ11:'1tY1'Jvu'Vl~vlin:IJ'lf1~ 



() 
0 
I-

> :J 

' 

'l.I Ulv.l~ut~nt~ TOC (mg/L) UV (1/cm) 
q 

<lK 7.28 0.0544 

1K-3K 14.93 0.1224 

3K-5K 12.53 0.1222 

5K-10K 19.20 0.1902 

10K-30K 3.60 0.0355 

30K-100K 4.36 0.0449 

>lOOK 109.00 1.2032 

" 0 "' 'Wl\Pl'U 40.00 0.4021 

1.2 ··-

1 ~ -

0.8 .--
r--

0.6 

0.4 

0.2 

0 ' 

<1 K 1 K-3K 3K-5K 5K-
10K 

UV I TOC (L/mg-m) 

~ 

10K-
30K 

0.74 

0.81 

0.97 

0.99 

0.99 

1.02 

1.10 

1.00 

-
~ 

30K- > 
100K 100K 

fll'Yfn 4.4 tllU\Pl'Jl"hu'J~·wh:~ UV/ TOC 'i'WLL\9J(l~'lfl'I'IJ'W1\Pl1llmfJ(l\9]1'1'l 

'illtl\Pll'Jl'l~ 4.4 'Y'l'lJ ':ht11U\Pl'JTdl'Wtii\9l~:rn1eJ9f'UeJ'I'lfl'I'IJ'W1\Pllllmtl(llJ1f1tll1 lOOK li 
~ . 

t11mn~ff\Pllit1wvhn'U u o ril'Wtllel\Pl ·n"h'Wv119ieJVi 1 eJ91'1JeJ'I'lfl'I'IJ'W 1\Pllllmnmr tltJtlll lK lit11 . ~ . 
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ue:Jv~ff\Pllit"iwvhn'U o. 74 ~'lel\Pl'Jlril'W'Utl'ltllv119ieJVi 1 eJ91ttl'W tllfl'l~ll 1:Y\Pl'IG'I'lfl'I'IJ'U1\Pl1llmn(l~li . ~ . 
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'Ufl.:Jff1'JtllJ l1 ~Vi~~ ~ .:j hml flCl'U fl\j ff1'JtJ'Ul1 ~ v~ii-w'U 1i ~ri 'iJ ~lJ'U'U 1~ hnCJ flClrifl'U 'li\~ 'htru~\IJ 'U 
q ~ q u 

'il1flri1, 'U\911'J1'l'li'1'l¢!'UUff~\j, M't~'U11, 'U i 'UUlHl\lJ'1~i i'i 'Ufll'J~fl'l:ll'Yl1J11'lf':WU'U1~ LlJLClfJCl 

mnn-l1 1 OOK iit'l.lt~1t~tJI'i':u1CJlJ1fl~ff~uCJ~ij'll'U1~ 1:ummwvhnu 17,687 nf:ul'it~1:uCJCJ}'liJ'UtJ1~ • • 
rit~tJ'Ii'1-:J i lfruuCJ~ft':u-wtJnnuri1vil'it~li1 t~91 uCJ~'il1nm 1vJm"W~ 4.4 'il~"Wu11rilvil'it~li 1t~91'il~ 

u 'U 'U 

~ J I d ~ ~ 
1 YllJ 'll 'U l'lllJ 'lf1 \1 'IJ tJ 1 ~ 1:u m n CJY11 YllJ 'll tJ • 

. ~ 

1:umfJI~~1mVt~fl'Jt~.:JeJI~I'l'J1VlCJtl'l'Ji'tJftmm1l1vutlivu'J~lf11'l 1:umfJCJ'Ilt~'lU1~unu'lf1'l'll'Ul~ 

'llB'lff1'JtJ'Ul11 V1i'J 'JlJ'lfl~~ ~1'U fll'J m-v'l~1tJ'J~1J1JeJCJI'l'J1VlC1tl'l'Ji'tJ 1 tJ'!f1'l'll'U1m! -vvn111K , lK-

I 9) IV~ 
3K, 3K-5K, 5K-10K, 10K-30K, 30K-100K UCl~'IJ'Ul~lJlflfl11100K Uff~\lJ:-.IIII'lllJ'IJBlq!Cl~\l'U 

s:: 0.06 
0 
+i 0.05 0 
G) ....., 
CD 0.04 0 
> ::> 0.03 
"C 
G) 

0.02 . ~ -ca 
E 0.01 ... 
0 z 

0 I 

100000 1000 

: ~ 
. ; 

: ~ . ' .. 
:' 

'' 
:' 
't .. . . .. 
: . 
: : 

-· - · ·- 111-.J"li'U1(;1L)JLG'lflG'lU£HJ 
ni1 1 K 

10 0.1 

Molecular Weight 

' ~ 

.m-nii 4.5 m1vJu ff~.:J fll'J t'l.l1 vutlivu'll'U 1~ 1:umfJI~'IlB'l ff1'J tJ'U l11v1i 'J 'JlJ'lf1 ~ 'llB'lU1~unu'lf1-:J 
~ ' 

'll'U1~'UfWfl1llK · 

.,I 0 ~ ,J sJ "-' I .J d I I OJ .J d I Y I 1 Y Q 

flJ1¥iflfl'U'IJ1\lUfi1J9f-!lff~~fii!fl.:Jfl1Jfll Mw/Mn 9f\llJfl11l11fl1J 0.89 9f-!llJfll'UfltJfl11 1 Uff~-!1 lftlf'U 
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-:hf11'j m ~ 1l1tll91'1'tl tl.:J 1:1'1'j fl'W '1'1'1 V1i 'j 'j ll"b'1~ilfi tJ 'W -if 1-:J u tltf!i"''j 1~ ~ 1'W 1'W ill U'l f1 r~m ~ tlff1'W 1 '11 wi:J 
• u 

'ti'WWnlmirnillmnr~m ~vfi t~'W-if1~ 1mi't~tl~ n'Wur~~ilfi1v119it~fi1-¥i 1 t~~rvhn1J o. 74 ~~ 1l~il'ti'W1~ . .. 
illlrltlrl'tltl~ ~1j fl'U 'Vl ~ V1i j j ll"Jf1~ ~!~ 'U ~ 'U 1i ~fi fi tJ 'U A 1~ ,r tltlfl~ u\ ill m mnY1'U 1 '11 tU~~lJ'ti'U 1~H~ f1 

q ~ q u 

trlm11~ tJ1Jtli tJ1J i11Jm 1vJ 'tl u 1101 i llm tlrt'tltJ.:J J1~1J i"11J i1i:Jj1J m 1vJfi t~u 'li'1~ n11~~ ~ ffll~u £ n1Jfi1 . .. 
Jl I I I 

Ul'HUtlilltrltlrl!ll ~ tJI9it~fi1~1'W1'W imrttlrl!ll ~vlii:Jfi11:1 ~ U1:1'191~ 1 ~t~'Wl1'ti'U1~ illtr~tlrl'tltl.:J 
q q cu q 

" . 
'i:1'1'j fl'W Yl'1 v1 'WU '11 ci.:J U 1-¥il ~'Vi 1 tll 'jfffl1lli:J tl11 m ~ 111 tJI91'1'tltl.:J 'ti'W 1\0lill trl f1 r1 'tl t!.:J 1:1'1'j fl'W '1'1'1 V • . " . 
1i'j'jll"ll'1~fit~'W-if1~ 1:1 .:J ur~~dJ'm11'1 tJ1Jtliv1Jn1Jm 1vJ't1t~.:Ju 1~1Jl'I1J ':hri1'W lii:J illtr~tlrt'ti'W 1~ 1 'HtU'tltJ~ 

.. • u 

J/ J/ I I 

U1~1Jir 'U l11tl 111tu {)~ 1l1tlGtlYl1tll1 !Wtl'ti'W 1~ illtrl nr~lii:J'ti'W 1~ 1 l1Wtli1'ti'U 11911i"''j'W'tltl~U~'W!llll 

t: 
0 

0.03 

~ 0.025 0 
(I) ... 
~ 0.02 

~ 0.015 
"C 
(I) 

0.01 N ·--cu 
E o.oo5 
0 
z 0 

cu q u cu q 

100000 

:: 
' · :• .. 

\ 
\ 

----- il1\l'l.J'l.l1Gl'i:l..JL~fl~ 
1K-3K 

10 

Molecular weight 

0.1 

' " .m'Wn 4.6 m1vJu~~~m1 t11~ tJ1JtlitJ1J'ti'W 1~ illtr~tlrt'tlti.:J 'i:1'1'jfl'W'Y1'1 V1i11ll"ll'1~'tlti~U1~1Jnmh~ • 
'ti'W1~1K-3K 

• .( d 0 liJ 9/ I .,I i <=> d <>'GJ f 

1l1tlm11"lflll'I'Yl 4.6 11~m'W L~11m11"l'tlfl~'ti'W1191 lllrlfJrt'tltJ~~11tJ'W'Vl'jtJ t'W"ll'1'1'ti'W1~ 

. " 
1 K-3K 1l~il'lf1~f111ll n11'1'tl t~'lm 1vJliufi1Jni1t n''W m 1vJ 'tit! ~u 1~1J u\9i ilf111ll n1N'tlt~~m 1vJ 

lJ1nni1'1f1~'ti'W1~ illtrttlrt~U'mm--.h lK ~~1:1'tJ~fl~tJ.:Jn1Jfi1l'l119it~fi1'¥iit~~!'vhn1J 0.81 ~1ll~111~~ . .. 
" 

4.4 t'V'111~ilm1m~ 1l1tJI91'1'tltJ'I1:1'11fl'W'Y1'1 V1i1 UJ"ll'1~U t~l'lni1l 'WU1~1Jul9ilJ1f1f1i1'1f1~ illtrtf:}rt'ti'W1~ 
gJ I dl IQJ ~d.f I 'l!i)Q II: Q.li 

'Utlt.Jtl11 lK Url~llfll Mw/Mn !'Y11tl1J 2.02 9f~llfllllltltl11 1 U1:1'~~ 'Hl'H'U11fll'U1'11'Wtl lllrlflrl 
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m ~viP'imh~ TU 1'\.J hmunu \l ~vihn-;; m ~ ~1vl'i Tll e1 \1 'ff1') fl '\.J'Yl~ 6'fi-;; ')lJ'b'1~ f1 fl'\.J ~ 1-:1 'ff -:JfYh'lf1'1 . ~ . " . 
ll.lmtll:l'\1'\.J 1~-w eJvni1 lK ul:l~tijfltm v1Jt Viv1Jfi'1J n ') 1-w'\1 e1-:~u 1~m~1Ji1 'tld'\.J Yin tl.lm n1:1 '\1'\.J 1~ • • 

" Jl I I 

1 lftU'\1 fl-:1 u 1~1Ju 'W '111tl i tJ til fl\1 ~ 1tlt1 n.Yh m-;; tWtl 'U'\.J 1~ Ll.ltl:l mrYi ij '\1'\.J 1~ 111 runi1'll'\.J 1~ -;;vn· 'U '\1 fl\1 
tJ 'U q u qJ q 

UH'\.JtlJlJ !1J') '\.J ~, '*flfltll tJ 1 ~ tl') ~1J1J~j;j~') 1Vl 1:1 !~ ') i'W 

0.018 ,..-------- ------ - - -- ---- -----------·--~ 

5 0.016 

0.014 
·-0 
Q) 

+ol 

~ 0.012 

~ 0.01 
"0 0.008 
Q) 

~ 0.006 
ca 
E 0.004 .... 
~ 0.002 

0 

100000 1000 

., 
:; 
'· '• 
:' 
:: · -· ·· · 1i1\liiU1(;l'b.JL~fl~ 

3K-5K . : 
' . . : 
' . 

' 

10 

Molecular weight 

0.1 

. " 
Ill 'Yin 4. 7 m1vJuff~'lfll-:itU~ fflHYiV'lJ'lJ'Wl~ 1llmfll:l '\lfl\l ffl-:ifl'\.J'Yl~ 6'finlJ'b'1~'lJfl'lih~1Jtl1J'!f1\l • 

'lJ'\.J1~ 3K-5K 

. " 
d. ' fJ) .... J d. ' 9J ... .I 0 ~ • d 91 ... . 1 

3K -5K 11 ~lJ'b'1\lfl11lJtl11\l'\l fl-:1 tlHn'YlUfi1Jtl11!"i.l'\.J tl-;; Tn '\1 fl-:1'\.J 1~ 1JU~lJfl11lJtl11\l'\l fl-:1 m Tn 

mnw:hci1-:J'\l'W1~ 1llmnl:l~Uflvn·h lK ~-:~'ffeJ~fl~-eJ\In1Jfi1v1 ~o1flfi1Vi1eJ9hvhti1J 0.97 ~1lJ~1-;;1-:~~ . ~ 

" 
4.4 t'V'I')1~ijm-;; m~ 111t~l'i'Tufl\l'ff1')fl'\.J'YI~ 6'fi-;; ')lJ'b'1~U flE~t1i1 't'UU1~1Jul9imnni1'lf1'11llmt11:l'lJ'\.J 1~ • 

" . ' 
fi1u m t1 n 1ll tl:lnl:lm ~tJIP'i e1fi1 ~ 1'W1'\.J 1l.lm n1:1t \l ~vnm-;; m ~ 111vl'i 1'\l fl\1 'ffnfl'W 'Yl~ v'fi-;;-;; lJ'b'1~ . . 

' " . 
flfl'\.J~1'1'ff -:~n ·h'lf1-:~1l1tl:lt11:1'\l'\.J1~U eltlfri1 1 K tt(;l~lijfltm E11JtYiV1Jtl1Jm1vJ'\lfl\IU1~1J'V'11JiTff1'WVi 

~ . 
J/ S/ I I 

ij 1llm tl(;l '\1'\.J 1~ '1 11 tU'lJfl'IU 1 ~ 1JU '\.J mv 1 tlti1 fl-:!111tlt1 nYi 1m-;; tWtl'\1'\.J 1~ ill m n1:1Viij'll'\.J 1~ '1 11 runi1 
q u 'U q u 



0.016 
r:::: 
0 0.014 -;:; 
(.) 
Q) 0.012 +' 
Q) 

0 0.01 > 
::l 0.008 
"C 
Q) 

0.006 N ·--C'CS 

E 0.004 .... 
0 

0.002 z 

0 

100000 

.. 
'· :: 

:\ 
:: 
; . .. 

-.. -· "Ll1.J1lln~'b.JLElf)El 

5K-10K 

1000 

Molecular weight 

10 0.1 

' " 
m'Yin 4.s mT.-ht 'fffl.:j m·HiJ~ E.JlJ!Yl vlJ 'U'W w1111 !" f:J" 'U 'CJ.:j 'ff11 u u 'YI1 V1i1111 'lfl&'l'U 'CJ.:j -w 1 ~ 1Jn1J'lh.:j 

'U'Wlfl SK-lOK 

11 lflfl':i l~fll'Yl~ 4.8 11~tit'W i~ilml~'IJ'CJ.:j'IJ'W Wl111Wfl"'U'Cl.:J'ff11~'W 'YI1 vi 'W 'Ji'J.:j'IJ'Wlfl • . " 
5K-10K 11di'lf1.:Jfl1111fl~l.:J'U'Cl.:Jfl':il~YlUf11Jfl 'hff'uml~'U'CJ.:jtJ1~1JUI9iiif11111fl~l.:J'IJ'Cl.:Jfl':i1~ 
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mnn·;h'lf1-:j'IJ'Wlfl1l.lmn"~,j'vvni1IK ~.:j'ff'CJflf'l~'CJ.:jtl1Jfhv11'ivfhY11v9hvhti'1J 0.99 \91111\91111-:j~ . "' 
" 

4.4 t'Yl11~ii n11 m~ 11 1v1Pi 1'U 'CJ.:j 'ff11 uu 'YI1 V1i 1111'lf1&'1 v m.lfli11 'W '11 1~11 ul'111 lflfl i1'1i1.:~ 111m n "'U'W lfl • 

111mn"m~v~iifi1mnn11-n11oHm1~iim1m~111VIPi1mnni1tmdirh Mw/Mn rvhnlJ 2.02 ~.:jii • " . . 
fi1mnni1 1 tt'fffl.:j 1 -HtltuilflltJTI1Ufl111mn"m ~mivfi1~1'W1'W 1llmn"m ~viim1m~1nv1Pi1'UV.:J • • 

'ff11fl'W'YI'1V1i1111'lfl&'lfivu'li'l.:~'ff .:~ni1~1.:1 1m"f1"'U'Wlfl SK-1 OK , 'lf1.:~ 1llmfl"'U'W1\91 IK-3K tm~ "' . . . " . 
~1.:J'U'Wlfl111t"n"u vvni1 1 K tm~tjjmm v1JtYJV1Jn1Jm 1~'Uv.:~'W1~1J'Yl1J11"huY!iJ 1llmfl"'U'Wlfl • • 

" " ' ' 
1 'YIW'IJ'CJ.:j '11 1~11't1 u 'YilV i th ii V'i 11 lflt~n-n1n11 twn 'U'W 1fl111m n" Ylii 'U'W 1fl1 'Yirunil'U u 1fi1Yl1'W 'U v.:~ 

tJ OJ q (J OJ q 

UH'Wt11l.Jt1J1'W~H'vvn it11flv1~1J1Jfl"\9111~"t\911i''W 



0.018 
s:::: 

0.016 0 ·-..... 
(.) 0.014 Q) ..... 
Q) 0.012 c 
> 0.01 :::J 
"C 0.008 Q) 
N 

n:s 
0.006 

E 0.004 .... 
0 

0.002 z 
0 

100000 

I. 

!\ 
.. . . . ' 
'. 

1000 

· · · · ·- ~1.J1l'\.11VILlJLG'IflG'I 
10K-30K 

10 

Molecular Weight 

0.1 

• v 

.flTV·Ii1 4.9 f1'.i 1-wu 'ff~ ~tll'H1.J'1 tJ1Jt-Yi tJ1J'IJ'U 1~ lll!Cl fH'l'Utl~ 'C1'1'.i ~'U 'VI1 ~1i'.i'HJ'lf1~'1J tl~ 1.h~1Jtl1J'lf1~ • 
'\1'1-.11~ 10K-30K 

54 

dl 9) ,J I 9) :.e::. .J 'j) QJ I .dl I 

1 OK-30K ~~ll'lf1~fl11llf111~ 'IJ'tl~ f1'.i 1-w'VIU fi1Jf1 11 t 'ff'U f1'.i 1~'\Jtl~'U 1~ 1J 9!'~ 'C1'tl~fiCW~f11JflltJ11'ltlfll .. 
• v 

V11tJ~rvhn1J o.99 mlll'l1'.i1~l14.4 t'Vl'.i1~lim'.im~ ~ 1tJI'i'1'1ltJ~-cr1'.iV'W 'VI'1~1i'.i 1 ll'lf1~h.Y tJr~n·:h i 'Wth 

~1Jtt~lllf1f1'll'lf';l~ lll!Clf1(1'1J'W1~ 5K-10K , 'lf1~ llH(lf1(1'1J'U11'1 3K-5K, 'lf-N lll!Clf1(1'1J'U1~ 1K-3K . . . 
tm~'lf1~'1J'W11'lllJ!Clf1m!'tltJf1'll 1K n1J ~~~'~ t~~1niirh~1'W1'W lll!Clf1(1m~tJ~ii~1lllf1f1i1vh h1' . .., . 
m1~lim'.im~~1tJ9i'1ll1nni1tt('l~lJ~1 Mw/Mn rvhn1J 0.95 ~~li~1U'tltJf1i1 1 tt'ffl'l~i-H'tli'Wi1~1 
, . . 

thm! n 1llmfmm ~ tJ~'tl~ 1~TW1'W 111 t(lf1m~ ~ tJlJtll'J m~ 'il1tJ9i' 1'\J'tl~ 'ff11 V'W 'VI1 ~1inll'lf1~~'tl'U ~ 1~ • • 
'ff~ni1'1f1~ lll!Clf1(1'1J'U11'1 5K-10K, 'lf1~ ll.Jt('lf1(1'1J'U1~ 3K-5K, 'lf1~ lll!Clf1(1'1J'U1~ 1K-3K ,'lf1~ 

q,J q q q 

• v • 

'\I '\..I Wlll.Jt(l n (l,.r mmi1 1 K tm~ t]jm m v1Jtl1 v1Jn1J m 1-w 'Utl~th~ 1J'Vl1J i1ri1'U l1 n il.Jt(l f)('l'IJ'U 1~ • • 
Jl )I ' ' 

1 '11W'Ut!~l.J1~1Ju u '111t1 i 1.Jrwt!.:!'il1f1f:lf)VJ1fll'.i tWfi'IJ'W 1~ il.Jmfir:~-Yiij'IJ'W 1~ i. '11ruf111'1l'W1~'.i'Vl'.i'W'Il'tl.:! u qJ q u ~ q 

u~'Utlll.lt1J'J'W~i '*'tl'tlf1! 11 1~m~1J1J~~I'l11Vl(ltl'l"Ji'W 



0.016 

c:: 0.014 0 .... 
u 0.012 Q) .... 
Q) 

0.01 "C 

> :::> 0.008 
"C 
Q) 

0.006 N 

ca 
E 0.004 ... 
0 

0.002 z 

0 

100000 

., ,, 

·. 
'· 

: :: 

1000 

· · 'll1\111'tnGl'b.nG'If1G'I 
30K-100K 

10 

Molecular Weight 

55 

0.1 

' ~ 

ill'Yfn 4.10 f1':nvJmr~ -m l'H m ti1HYi ti1J 'IJ'W Wl 1:JJm f:J 1:'l 'IJ ~-:) bfl'j ~'W 'Vl ~ Vli n :IJGJ!'l~'IJ~ -:n11~ 1Jtl1J'lf"J-:j 

'IJ'Wl~ 30K-100K 

'il1f1mlvlm"W~ 4.1 o 'il~•'l1u i~·:hn·nvl'llt~-:J'IJ'Wl~ 1:JJmf11:'l'llt~·H1'l':i~'W'Vl~Vi'W'lh~'ll'Wl~ . 
d.l 9) d I 9) :e:::. & g) QJ I d.l I 

30K -1 OOK 'il~lJ 'lf1-:J fl 1llJf111 ~ 'IJ t~-:Jm 1-vJ 'Vl!t fi1Jf111 t b1''W n·nvl'llt~ -:J'W 1~11 9f ~ b1'tl~fl l:'lti-:J f11Jflltt1\91 t!fll 
'" ' ~ 

Yi1t~Cifrvhfi1J 1.02 1'11lJ\911':i NYi4.4 t'W':i1~JJm1m~'illtll9i'1'llt~-:Jb1'1':i~'W 'Vl~ Vlin:JJGJ!'1~Ut~ttn111 uih 

~1Ju\9imnn ·:h'lf1-:J 1lltl:'lf11:'l'll'W1~ lOK-30K , 'lf1-:J 1lltl:'lf11:'l'll'W1~ 5K-1 OK, 'lf1 ~ 1lltl:'lf11:'l'll'W1~ 3K-5K • • • 
1 'l I 'l 9) I CV di II) 9/ d I 0 1 

, '1!'1-:J tlJt(lf11:'l'lJ'W1~ 1K-3K Ul:'l~GJ!'1-:J'IJ'W1~ tlJtl:'lf11:'l'Wfltlf111 lK f11J GJf-:J~ t~'il1f1lJfll'ill'W1'W lJtl:'lf11:'l 
q q 'U q 

m~tt~iJfillJlf1f11Tvh i '11'm1vliJm':im~ 'illttl9i'1lJlf1f1ilttl:'l~iJfi1 Mw/Mn tvhfi11 0.57 ~~iJfi1-w'uv 
~ ' ' 

ni1 1 ttff\91'1 i '11't'l1u11~1'thrn! n1llmnl:'lm ~ttl'it~fil~l'W1'W 1llmf11:'lm ~viJm1m~'illttl9i'1'llt~-:J . . 
b1'11~'W'Vl~Vli':i1lJGJl'l~fit~'W~1-:J"J:-:lf1':h'lf1-:J 1lltl:'lf:)l:'l'll'W1~ 10K-30K, '111-:J illmf:)l:'l'IJ'Wl\91 5K-10K, 

'111~ 1llmf11:'l'll'W1~ 3K-5K , 'lf1'l1lltl:'lf11:'l'll'W1~ 1K-3K ,'lf1'l'll'W1~ 1llmf11:'lUt~vni11K ttl:'l~trlu 
q q, ' q 

'JJ ' 'JJ " • tm ti1Jt Yit11Jtl1J m 1-vJ'U ti-:J tJ1~1J'W1J ·;h ri1uYiiJ 1lJ tl:'l f1 l:'l'lJ'W 1~ i l'!Ui'll tl'l tJ1~ m! 'W '111tl i 1Jt ij tl'l 'illf1 tlf1 
• u "' 



0.014 
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0 - 0.012 
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1000 

· · · · · · 'lh-J ·m.n Gl'b.H f=l f) f=l 

~nnni1 1 OOK 

10 

Molecular Weight 

56 

0.1 

,J , , 

ill't'f'YI 4.11 m1'VJUff~\lflTHm tJ1JLYitJ1J'U'U1~ LlJL'(lfJ~'UfJ\Iff11U'U'Yl~ tl1i11lJ'l51~'UfJ\ItJ 1~1Jn11'lf1\l 

'U'U1~1J1f1fl'h 1 OOK 

.d d 1fJ ~ I 1 .c:rt. .ct d'q I I 

~1flm1l'Jmi'i'Yl 4.11 ~~!'11'U t~11'U'U1~ lJL~fl~'UfJ\Iff11fJ'U'Yl1tJ t'U'l51\llJ1flfl11 lOOK • 
~dj'!f1\1~111Jnl'1\I'UfJ\Ifl11l'Ji'irJ~fi11t-ff'un11'VJ'UfJ\IJ1~1J ti"l11dim1m~~1vl?i1'UfJ\Iff11U'U'Yl56 
1inlJ'lf1~'1'lfJ'lri11J1~11 ~\lfffJ~~ti'rJ\Inmh~'il'irJrhYi1rJ9fiifiwvhfi11 uo ~111~111\1~ 4.4 tm~ii 
fi1 Mw/Mn rvhfi11 21.32 Uff~\llH'n1u·:hiJnnm~~1vl?i1'UfJ\Iff11fl'U'Yl~V1i11lJ'lf1~1JlflL~uiJ'U'U1~ 
" . . 

tJTYIUflLlJm fJ~m ~V'UfJ\Iff11fl'U'Yl~ 6ii~11J1flf1':h~1'U 1'U 111mfJ~m ~ VlJ1flf1i1111fl'l tt~~iJ~1 

~1'W1'U L1Jt~n~m~vrvhfi11 877 ttff~'li11'tliu11iim1m~~1vl9i'1111f1f1i1'lf1\I'U'U1~ 111mn~~'U'l Yl1 • • 
i11'm1l'Jii'U'UWlfll'1\ltm~iin11m~~1VlJ1f1f1i1'!51\I'U'U1~ LlJmfJ~~'U'l ~\l~~i"l11i1~hu~ii 

" " . 111mn~ 'U'W 1~ hn:u'UfJ\ItJ 1~11'1! u V\lfJ~t UfJ\1 ~ 1f1'U'U 1~ 111 mn~ ff11 uu'Yl~ v1inlJ'lf1~ ii'U u 1~ hu.1j 
q u OJ q u 
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4.5.1 f-H1'1Hl\l'fi111JUHtJ'J~~ 

1 u fl1'J 'YI~ "HJ1J ~~ 'll a \I 'fl1111 u 'J 'Ill 'J::; ~ l9i afi 1t'Wa{ih a'YivJ ~ n95'1 ~ tJ'YI~~ a\I~Wnl! 
.I I di . I "' . I 'J) 'l .. l1J "'d.. "' .. "' "' 

U ';i \11J';j ~ ~\91 1 \1 '"] 95 \11J 'J1J 'fi111J U 'J \1 1J 'J ~ ~~ ')tl I 951~ tllJ 'f1 t'1 el I ';i ~ 'YI1Ji:1'1';i el'W 'YI ';i ti'YI1\11i'J 'J 1J'b'1\91 10 

iJt'l~ fl i'1J\9ieJ~\91';itJi'1JflteJ'b't'Yhn1J 7 tlJ1Jt1J';i'U'lJ'U1\91 1K utJ'Jfi 1 fl111JU'J\I'lJeJ\ItJ'J~\H1'J'U 0.01 n1J • 
o.05 tl!t'll9ia~m ~t'lfll'J'YI~"ffa 1Jfll 'Jt'l~t'l\l'lJeJ\IvJ~ni' utr~ 'l 1um'W~ 4 .12 \11 flfll'l'YI~t'la\I'W 1J ':h fi 1 

fl1111m \l'lJeJ'Itl'J~\l~r.' \I~'U iJ~t'!-n11 l1'fi 1 vJ~ni''lla\lt'Wa{iJw'Yit'1~~ 1 t'l\l fll'l t~lJ'fi1 1 1JU 'J '11l'l::; \l t1'lu . "' . . " 
fll'ltfill 1 95t~tJlJ'fl"a 1 'lrt1 l1'iJfi1tr 'I~'U m\l-n1 hf tr1'J B'U'YI ~ V'fi'l'llJ'b'1 ~JJ'lJ'U WH~flt'l'lt'W'l 1 ~fl1111 

"' 
m \I'IJeJ\Itl'J~\l\l~-n11 11'1 fl 'j \11:1'~1\11:1' 1 'JB'U'YI~ V'fi'j'jlJ'lf1~!fl~fll'j'IJ~I9i'Tvh 1 M'tn~fll'jeJ~I9i'U~1J1Dw • • 
~ " ~ Q.l Q.l " " ~ d ~ J ..:::1 0 " QJ 

WJ'YI'U 1U~::;';i'lJeJ\IWeJmeJ\IU 1J1Jelt'l\91'JlYJt'lt\91'J'b''U 'fi'111J!'IJlJ'lJ'U'lJel\l!flt'lel'YI!'WlJ'lJ'U 1J~t'l'YI11 'YI!t'J \I~'U 
"' 

aatr t1J~niJfi 11:1' \I~'U ul9it~ eJ\1 \11m~'YI1 1 '1fll'l'Yif1t'la'li1m'lWl 1J'fi1J'fi '11 1J11u 1M'i1fi1fl\l ~\91t'le1f1 ~\l-n 1 "' . 
I I ,... I 

1 l1' ~t'll9i 1 '1'lle1\ltt 'J '111u Vi \l~W1'b''U::;m '111 uaatr ll!~n-Yi tn~ ~'U 1 u 'l ::;1J1JJJfi 1~1t'l\l t~'U~" 1 l1'vJ~n i' 
" . . 

'\Jel\1 u 1t'W a {iJ w 'YI-Yi 1 ~iJ fi 1-Yi t'1 ~ t'l\1 1 f) vll 'j 1 fl~fl1'J ru 11\1 fl ci 1 '1t'l'11J11 () ai 1J 1tl 1 ~1 ~ tlfl '1 1 11~1!~ 'U .fi 
di .. ~ "' .! 'l d "' "' "' : dll) 'J) 

'lJel\1 Londale 95\11J"ff1Jfll'Jl1J 'U~\I'U Jv = LP (M- L17r) lflti'YI J v 'flel 'VJt'lfl95'lJel\I'U1'YIIfl 

" " 
(Lim

2
.hr), LP flel fi1fl'll9i''Jnl';i1'Yit'l'lJel\IU1 (LI(m

2
.hr.kPa)), M flel U'J\Ifo'UU1 (kPa) Ut'l~ L17r 

fleJ m '111uaatr llJ~fl (kPa) 

14 

12 
oooooo 0 0 0 0 0 0 

Dooo - Do 
0 0 0 J: 10 0 0 

~ 0 

..J 8 -t: 
0 6 +::i 
:s o I.S. = 0.01 M 

c 4 o I.S. = 0.05M 
en NOM= 10mgll 

2 pH =7 

0 
0 50 . 100 150 200 250 300 

Time (min) 
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fl11lHY1lJ TH'l i u m'J n1 :5' ~Hn 'J eu 'YI ~ V1i 'J 'J lJ'lf1~ 'U 'tl~ trl'tln H l·m uueJ' "\91 'J 1Vl "t\91 'Ji'u ~ 

'YI~·meJ~t~lJfl11lJU'J ~'lh~~tilu o.o 1 nu o.os LlJ"I'iBill9l'J'!Jfu¢i1v L"lft~VlJfl"eJ h~ Uff\91~ ium'V'I~ 

4 .13 'V'I'U11 fl11lJff1lJ1Hl i um'J n1 :5'\91 ff1'J fl'U'YI~V1i)'JlJ'lf1~'UeJ~trlmn 'tl.:l uuuel'"\91) 1Vlml9l'Ji'u ii 

I _, t/ d t/ o cv d ..,: _, "' ..,: 3) ~ 'J d 11J t/ 
fi1!1JeJ)!9f'U\9lf11)f11'il\9l"\9lM!lJ'tlt'V'IlJfl11lJU) .:l'U eJ .:llJ) ~ ~11 ';Jm'V'IlJfl11lJ!'UlJ'UU'UeJ~ ~ "lf!\91 VlJfl"eJ ~ )\91 

, , "' t 

vl.:lU 'tl1'iliiff1!11 \9llJ1'il1f'l!fl\9li'U'U'tl.:l!f'l~'tl.yj ~1'UeJ.:l !lJlJ!'U'JU vh i ~!fl\9lf11'J eJ\9l\9l'U'UeJ.:lff1) eu 'Yl~ v . . 
~.d .d ~ .Q "' .J d ll) 'J) .d ' 

1i1)lJ'lf1\9l'Yiff~fflJ'YI'lfUml1'U l'UeJ.:l!lJlJ!'U'J'U "lf~ 'il ~ !l1U ~\91 'illf'lmli'~fi1'V'I'YI 4.14 !W~'V'I'U11 

. 
d 

fll'V'I'YI 4.14 

100 
90 - 80 ~ 0 - 70 c 

0 60 ·-..... 
(..) 50 Cl) 

'Ci) 40 ..... 
(.) 30 
0 20 1-

10 
0 I 

0 

0 

0 

~------:----·---·--·-·-·-----, 

0 0 
0 

o I 
0 0 

1,000 2,000 

Volume (ml) 

0 

0 

o I.S. = 0.01 M 
o I.S. = O.OSM 

NOM = 10 mg/1 

pH= 7 

4,000 

.mow~ 4.13 f11 'J t '11~ vut Yi vu'!J 'J ~ ff'YI ii m'V'I f11) n1 :5' \91 ffl'J ~u 'YI ~ V'U eJ.:l !lJlJ! u 'JU eJ"\9l'J 1Vl "t\91 'Jiu 

'IJUl\91 1K ~fl1llJU1-:l'!J'J~'il 0.01 tl'Ufl11lJt!';i.:l'!J1~'il 0.05 • • 



- 100 
~ 90 Cl -c 80 0 
+:i 70 (.) 
Cl) 

60 "(i)' .... 
50 >-:=: 40 > 

+:i 30 (.) 
::J 20 "'C 
c 10 0 
0 0 I 
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1,000 2,000 

Volume (ml) 
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0 

o 1.5. = 0.01 M 
o 1.5. = O.OSM 

NOM= 10 mg/1 

pH= 7 

3,000 4,000 

.fll'Yi~ 4.14 fll~ t U~ tllltYi t11JU ~:d~'Vl ~ fll'W fll~ fl1 1l~Hfl~e:J 'IJ CI.:Jtl.ll.l t 1J ~ 'iHl(l 1'1 ~ 1VJ (ltm ~'W 'IJ'W WI 1 K 

~rt11l!U~.:JU~~1l 0.01 nurt11l!UHU~~'il 0.05 • • 

I d 

4.5.2 f-l(l'IJCJ.:Jfll'W!V'lf 
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GJ I.e::! I f!e::J. ... IQ,I ~G)(j/ .d..:::~ 
t ~ fl1 ~ 'Vl~ (l CI.:J f-l(l'IJCJ.:J fi1'W ttl 'lfi'IC!fll~(l \91 (l.:J'IJ CI.:Jt'W m lJ tv 'VI -n (l flCJf t 'lf'i.Y1 ~ (l~(l1ti'Vlll 

rt11l!t.fi'mru'IJCJ.:J'i.Y1~~u'Vl~v'Vl1-:J'finll'lf1~ 1o iJ~ilni'lll?lCJill'l~ ui'uflm'lftilu 4, 1 u~~ 10 ui'mh 

fl11lJU~.:Jth~'iltlJ'W 0.01 tl.f(l\9le:Jill'l~tl1trtCJft~tll.ffl(lCJ h~ fll'W~ 4.15 U'i.YI'l.:Jf-l(l'IJCJ.:JfltCJ'lf~ii\9le:Jm~ • 

~1t~ll~'W nci11;ie:J ~~1Vlte:J'lf 7 tm~ 10 ~1vJ~ni'~1'1'1 1~ii~1~-:Jn·;h~~1.Wte:J'lf 4 i.:J-d'm'iltlJuf-!(llJl 

'il1n~i1m'lf 4 iJu~mw'IJCJ.:J tg tl'l~t'il'W te:Je:Jnu1utl1~1mh.:JiJu~mw ~ .:Jn·;h~i1te:J'lf 7 tm~ 10 ~.:J 
11)1 II) .J'.,. ·'1~1 ... "'" ... "'"'IIJ~ & ·'I~ tg mt'il'W tCJCJCJ'W'W l!f-l(l'Vl1 m l!t(lfl(l'IJCJ.:J'i.Y1~CJ'W'Vl~u'finll'!f11'1~1lll'l1fl'W tl'llllfl'IJ'WU(l~'V11 m • 

~ ""~,!\ d.& ?t '!~"" ~I II)~ 
fl11lJ'I1'W1'liCI.:J'lf'W Double layer 'liCI.:Jf-ITH'W1WC!fl1CJ.:Jt'Wll'IJ'W tlJ'Wf-l(l1'11tfll'lfll~CJfl.lf-11'WC!CifllJ1 t\91 

. " . 
mnni1Yiflm'lf 7 tm~ 10 ~.:Jl'h 1 M'u1'1.1'1lJ1~(lCMl!r·hu 1~~1tr~l'l~1Yit!CJtrn-;h 
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~ 0 90 -c:: 80 0 
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ill'V'I'YI 4.17 fllfl11fllu~tfH'Itl'Vl pH 4,7 !W~ 10 

0 
0 
!::. 

3,000 

o pH4 
o pH 7 
t::. pH 10 

4,000 

"hrri'tJfi11:1J~1m1i:l hJm1fi1~~b1'11~'W'Vl~V1i11:1J'lf1~'Utl~~111:'l~mv~ihiTViw'lf 4 7 

ttl:'l~ 10 m'V'l~ 4.16 u~~~v.ll:'l'Utl~fl1fl11fi1~~H'1'11~'W'Vl~V'V11~1in:IJ'lf1~'Utl~~111'11t~eh~ i~v 

~u11W1u1flfl1TOC ~f111:1.1m~1.h~u 0.01 1:1Jl:'ll9lt~~\911 v.ll:'l'Ut~~fi1m1fi1~~~11~'W'Vl~V1i11:1J'lf1~ 
q 
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' 1 'JI I I 

fl1ViW'lf vh~:IJ~'Wu~1~1 1 Mfl11:1J~1JJ11i:l 1 'Wfl11fl1~~~11~'W'Vl~V'V11~1i11:1J'lf1~f:'l~(l~ n'1t~~u1flfl11Vi 
" ~11 ~'W 'V1 ~ v'f! 11:1.1 'l$1 ~Dfi1t ~ 'W th ~ u (llJ tn~ u 1 ~ v.~~ ntl' 'W!n ~9ft~~ ·:h~ 1 ~ n 11~ i''W tl'u tb'Um t:IJ :1.1 tu 1'W 

q 

'Vl1 1 '11'tn~m1~~~:1J'Ue~.f'Wtn~t~ ~~~ 1~ u1nfi1m1fi1~~m~t~~iif111:'l~l:'l~'Vl1 1 '11'1h~ ul:'llJ'Ut~~ 
~ • q 

" I Jl I 

m1 ~'W 'V1 ~ V1i 11:1J'lf1~tm~~ ~ tl'ui''Wtn ~ eJ 'Vl1i M'tn~ n-, :~ -~~ 1'1 'W Vi lJ'W Vi'W N1'U t~~ t:IJ:IJllJ 1 'W tjj t~fi1-Vi W'lf 

r~:1.1 'Vl1 1 M'ii1n~ ri1'W 'Ut~~ ~11 ~'W 'V1 ~ v1i 11 :IJ'l$1~~ ~\911J'W N1t:I.Jmu 1 'W ~1 'W 1 ttmn t~~ u u u~l:'l \9111 
~ 

Vlm\911cM'W e t~nm 1 </1 :IJ 1 n~ 'W ttl:'l~'V'l1r:hfimJ t~1t ~'W l?l'm 1 fi 1 ~ ~ tn~ t~iifi11:'l~ 1:'l ~trl t~'Yi t t~'lfJJfl1tvi :IJ~'W 
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"" 11't1't1 5 

,j "'' 'l ""- "' <I "''l 'I 31 ,j 
1J 1 f1fl11'Yl ~ l:'l fl~t'VHJfl'f1'l:J 1fl1'HWf1'U'U 1~ ! lJ tl:'l f1 l:'l'U fl~ ff11fl 'U 'Yl1 t.Jli 11lJ'lfWl 1 ~ tJ 1 'll'Wfl 

q 

f11fl~ -el'l:'l \9111VJ l:'l t\9114'Ut t l:'l~fff1'1:111.J 1 ~ ff'Yln fll'W t 'U f111 fl 1 ~ ~ ff11 fl'U 'Yl1 rlli 1 'J lJ'll'1~'U fl~trl flm fl~ U 1J1J 
I I !JJ j/ 

-ell:'l\9111VJmi911<E''UVivh 'l 'U ~1'U 1~vuff1lJ11tlff11.JHl:'lm1'Yl~l:'lfl~ 1~fi'~l'ifl 1 IJu 
q 

1) ff1lJlHHWf1'U'U1~ llJtl:'lf1l:'l'Ufl~ff11fl'U'Yl'1rJ1il1lJ'll'1~l~t'U'lf1~ 'U'UWillJtl:'lf1l:'ll'i1~ 
q q ., 

fl~U~fl -w'flvW;h lK, 'l'U'lh~ 1K-3K, t'U'lh~ 3K-5K,'lwlh~ 5K-10K,iw1f1~ 10K-30K,iwth~ 
~ I V V 

30K-100K ul:'l~ 'U'U1~hnuw:h lOOK 1~vTI1J 'h•i1flV1~1l1mn·ni~111Vit~'l'Um1.Yh1~vfli'~u'U'U1~ 
u 

..::to I .c:S-~~ d. ... 1 c/ d fl 
1i11lJ'll'1\9l'll'1~ 30K-100K, 10K-30K, 5K-10K, 1K-3K Ul:'l~ 3K-5K lJ1J1lJ1WlJ!1JflWb''U\9llJ1l:'l'Ufl~ 

"'"'"'<I 31 o"' 'l "''.I .I <I'd <1 
ff11fl'U'Yl1t.Jfl111Jfl'U'Uflt.Jl:'l~lJl\911lJl:'l1~1J !~t.llJfl11J1~lJlW 10.9, 9, 7.2, 5.6 Ul:'l~ 4.7 tlJflWb''U\91 

\911lJihfi'1J 

I .::1 I I fV o Q.l & 
f111 lK lJfllt'Yl1f11J 0.0102, 0.0099, 0.0099, 0.0097, 0.008Utl:'l~ 0.0074 \911lJl:'l1~1J 9f~fl11f11~1l1t.l 

., 
~1'\Jfl~'U'U 1~ !11m f1l:'l 'Ufl~ ff11 fl'U 'Yl 1 rJ1i11lJ'll'1~ 11dhi 1lJlf1~'U \911lJfi 1'\Jfl~ v11'i flfi1Vi 1 fl91 . "' ., 

3) Hl:'l'Ufl~fil'~W'll''Ufl~U1'l'U'lh~ 4-10 'Vi1J';h1.J1~ff·nnm'V'l'l'Ufl11fl1~~fi1 TOC i1fi1 

l:'l~l:'l~trlflVlm'll'i1'fi1tvilJ~'U 1~v~fi1t1.Jfl1t~'WI'i'm1fll~~~Vlw'll' 4 i1fi1lJ1f1~t'{~1fl~l:'l~lJl~fl~Vlm'l!7 
" ' - ' 

Ul:'l~ 10 \911lJihf!1JUl:'l~fiwJ~nCJ1'Ufl~U1 Permeate ViVlm'll' 10 1l~i1ft1lJ1f1Vi"l~1fl~l:'l~lJ1~flVltfl'll' 7 

o <V IIJ1 I I CV CV .J Gj 31 d I IIJ "" "" "' IIJ 
ttl:'l~ 4 \9lllJl:'l1~1JU~ LlJ\911~f1'UlJlf1'Uf19f~Uff~~ !lH'I1'U11f1l:'l !f1fl11f11fl~\9l~H1tlJlJt1J1'Uflflf1l:'l !f1 

'11 ~nl 'U m1n1 ~~ff11 U'U 'Yl1 Vli 11lJ'll'1~'U fl~trlflm fl~ -ell:'l\9111VJmm4'U t dfl~ 11 1mrl fl~tfl'll'i1fi1m fl~'U 

~ d~ .c:! I lj} lj/ I 'l 3)c:t, I t I 1tJ j/ 

\911l:'l~1.J'.i::: ~l:'l1J'Yl HdtlJlJt1J'.i 'U ~!::lJfll'U fl t.Jl:'l ~~ 'dtl ff ~ Hl:'l '11 flflfl'U \911~"1 ff1lJ1'.i tlU'Vi 1 H1'UtlJlJt1J'.i 'U ! ~ 
.1 31 

lJ1f1'U'U~1t.J 
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4) f-H'l'\1~~~1fl'd1lJ!!H'U~~th~~ hJ•lh~ 0 .01-0.05llJC'l'U~~ l9f!~tllJfl~~ ll~'V'I1Jl1 • 
I I Jl I 

thdr'Vlnm'V'Ih.tmlrh~\91~1 Toe ii~1~\91C'l~tii~fl'd1lJuH'Umth~~nrhrYllJ;i'U 11lvVi~mJ~1t~'UIOi' • 
tll'Jfll~\91~f111lJ!!1~'\J~~tJ:i~\liJrh 0.01 \l~iifi1l11flfr:h~f111l!m ~'Utl~th~~ 0.05 1l1~'\J~~ . . 
t9ft~tllJfle'l~ 1 1~td ~~~1fll1f111lJU1 ~'Uu~th~~ ~~ 1 tll111'111 m ~~1'1~ 1l1mf1C'l'UtN~11fl'U'Vl~ 6 • • 
li11lJ'lf1~tfl\91f111'UIP1191'1t~f1C'l~l11 1 Mtfl\91f111 ~191191''U ~~1'\J~~tmH1J1 'U mn~'U ~~l111 MllJ!C'lfle'l'UeN . . 

" ~n~'U'Vl ~61il'JlJ'lf1~11C'l\91~1uuJlJ !1Jl'U ~~fllJ1 1~mn;i'U ~11 M'tJl ~ ir'Vln .m'V'Iflllfll~\91 ~nfl'U'Vl~ 6 • 
~d I ~ .d I ~ ~ I QJ f1' : d 

lilllJ'lf1\91lJflle'l\91C'l~!lJ~fl'd1lJ!!1 ~'U~~tll ~ ~lJfll!'V'IlJ'U'U!!C'l~m~C'lfl9f'U~~'U 1 Permeate 'Vlfl11lJU1 ~ . 
" ' '\1~~111~\l 0.0 ltlJC'lt9ft~VlJfle'ltl l 11P1'~~iJfi1lJlflfll1fil~r;tn9f''Utl~ih Permeate Vim1lJUH'U~~ • 

tll~\1 o.o5 tl1C'ltGJl't~vl1 fie'!~ t11Pl'td~~l11~1f1~1t11191~tn1P1~1flf111~11191''U'Ut1~~1l~'U'Vl~61inl1'lfl~ • • • 
dJ ~~~oGJ~ 1 d &Q IQ.Id.or:::t. 

~~!'WlJ'U'U!'W 11~fll1lJU1 ~tJ1 ~ ~'Vl!'WlJ'U'U'Vll 1 11'\J'U 1\91 lJ!C'lfle'l!C'lfle'l.:J ~.:Jtfl\91f111~\91~'U'Vlv.l'd!lJl1!1J1'U • • • 
IIJ!ll J/...,~<B.o,!)ll """: IIJ 1 .oi IIJ!ll!ll 
t\91lJ1fl'U'U\91~'U'U~.:J'Vll 11m ~!;'lf1GJl''U ~ ~'U1 Permeate !11!;'lv.ll'UW~m~~tlJlJt1J1'U t\91'U~tle'l.:J 

5.2.1 f111~1f111ffmn~tu~lJU~'U~.:J~l1~'U'Vl~61i11lJ'lf1~t~l1t~l11'Uu~C'l ~q~m!;'l 
t d ~~ ~1 fll1'U'U 1\91tlJ te'l n C'l 'U ~ ~ ~11 ~ 'U 'Vl ~ 61i 11lJ'lf1 ~tn\91 ~ 1 nm1 ri~ v~mv'U ~.:JGJl'1 n~ 'lfGJl'1 nrl'IP11~ ml . ~ 

J/ t jl I I 

1 'Utmci.:J'I.J 1ue'!~ 1 'W ~'UVi ~ri1J1 nw 1nflu Mci.:J'W1tii-eJi1-:Jnm.h.,uiJm-Jt.~\91fl(;'l~lJ1n~~nm1'lf~tm~'U ~ ., ~ 
" " 'IJ~ t 1tll '11 'U C'l.:Jtmci~'W 1~ 1vl11 111 'U'U 1\91tl!m f1C'IUC'l~tl1l11W f1 11lJt.u'lJ.u''U'Utl~ ~11" fl'U 'Vl ~ 61i 11lJ'lf1~ • 

tl J/ t J/ S/ I 

1 'Uu 11 ci.:Ju 1'11 'U t~lJ~'U ~ 1v~ ~ ,r 'Utl1Vi ~~~ 1m1 ffflEllfl w ~lJ-u~ 'U ~~ ~11 ~'U 'Vl~ 61i 11lJ'lf1~1 'Uu~ !;'l~ 

q ~fll(lt~lJ l~lJ t d ~~ ~ 1fl'U'U 1\91tl1mfJmm~tl1mw f1 11lJ t .u'11.u''U 'Uti.:J ~11 fl'U 'Vl ~ 61i 11lJ"ll'1~iiv.~" ~u 

th~ir'Vln m'V'I 1 'U m'l"n1 ~\91'\1 'fN!~~n1 u~-er"19111VJ" 1~ 1 ~'U 
5.2.2 f111fffl'l:lli1~f1W r;1' f1£lW~'U~ ·:H~~m~~tle'!\9111fJmm~'U'lfU1lg'U~U 1l11v.!il1911 -*1 'U • 

f111 rh ~\91~11 fl'U 'Vl ~ 61i 11lJ'lf1~tvl~t m eJ'UtVi eJ1J~ -h~~m u~-ele'l19111fJC'll\9114'U 'lftJ \91, M'UiJ 

t11~ir'Vln fl1'V'I 1 'U m1 ih ~\91~11 ~'U'Vl ~ 61i11lJ'lf1~1 ~~ n11ti'Utd ~~ ~ 1 ni1i~~~ -w 1m v.~il \91 1~un1~~ -ere'! 

\9111~~ 1~'lfiJIP1ti'U ii~u~ l1t~~mu~ tle'l IP1'J l~C'l t\91 'J ~'U ~ ~iJ'U'U 1\91 ~ 'W 1 'U l vhti'U u~ tl'J ~ir'Vl ij .fll'V'I 1 'U fll'J 
" . . 

fh~11~11 ~'U 'Vl~ 61i'J 1lJ'lf1~u u 1JJ l v1 1ti'U l'W 11~ m ~nfl 11lJU\91f1~ 1~ 'lfu \91'\Jtl~ tJ 'j ~~Vi ~111 'If 1lv~ 

mu~'U u~tlJlJt1J'J'U u~ C'l~tl'J~ m'Vl ~ ~ l11 1 M'tJ 'j~ ir'Vln m'V'I i 'U n11 n1 ~ 11 ~1'J B'U 'Vl ~ 61i 1 'jlJ'lf1~1JJrvi 1fi'U 

s .2.3 fl 'J'j fff1£l1tl'J~ ir'Vl n fl1'V'I 1 'U fll'j n1~ 191 ~1'j ~'U'Vl ~ 61i 'j 'jlJ'lf1~1 191 vm~ 'IJ1'U m'J m u ~ 
I I Jl J/ 

U1J'IJ tlCI\91'J1fJm191'Ji''U l'Ul~~1J Pilot scale l'W~~~1fll1f11'Jfffl'I:Jl 1'Uflf~iM'1'Uf11l~1 l'U'J~~'IJ Lab 
. " 0 ,j/ ~ '1"' Cil 0 ..:::to .ei Ql Q.l & 0 .& & 

scale 'Vl1 11~1lJ1'Jfll(;'l~f1 1 'lffl1~.fl11~ 1 'U fl11\911t'U'U1~'1J'IJ'Vlt111J1~~lJ \91~'U'U \l~fl'd'J'Vl1f111fff1£l1fl~ 

. " . 
t11 ~ir'Vln fl1'W'U tl~m~ 1J 'd'U m1tle'!\9111VJ Cll1911i''U 1 'U m1n1 ~ \91 ~1'j e 'U 'Vl ~ 61i111J'lf1~ ~ un ~ 1n'W 1~1J Vi 
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., ' ., 
l'*h.ttl1'JJ:-li1191'thU'J~111 h.!'J~~u Pilot scale 1~v1 '*1ll~""lltl ·Hl..Jl.Jt1J'J'\JVii1·UJ1~~lJ l '\Jtl1'JJ:-li1191tJ1 

~1-:J 
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.d QJ.et <C:k~ tl ~ .e.tltd. ~ ~tl 
tmtJ~fl'fW'l fl~U.Jff'W t 'Hl'W. 2535. 1fl'1fn'Jl.Jt.J'Jg;th_ 'Wl.J'WflH'Yl 1 : l.J\91-:i'W'Jlfll'J'Wl.J'W . • 

Q.l tl 0 QJ ~ .eitl ~ : !V 
t.J~tt.J f!-HHl'U'Yl'J. 2544. fll'Jfll'il\9lffllfl'W'Yl'JtJ1i"j'jl.J'lf1\9lflflfHllf1'W1il'ltJi'lfm~1J1'Wfll'J 

'W 11 uvhumi''W. 1flf1ff1'J1'YltJ1U'W'W TI'Jg;\OltJ'!Jw cVll'lftmn, l.J'YI11'Yltll~tl'ilVni'1~mw . • 
t.J-:i m.mw H1~ff'W 'Yl'J. 2546. 'J~1J1J'W1i 'W~i'11\91 -:ii''W'U'W 1\9l'Yll'lfffl1Jff1'11i'1Jfll'JfhUI'lff1'J~'W'Yl~ ~ . 

" 
1i'J 'Jl.l'lf1~i u u 1t.l'J g;tJ 1. wn ff1'J 1'Yl miJ -wu £ 'J g;\OltJ '!Jw cVl\91 ftf1111, 

Amy,G.L., Alleman, B.C., and Cluff, C.B. (1990). Removal of dissolved organic matter by 

Nanofiltration. Journal of Environment Engineering._ Vol. 116; pp. 200-205. 

Anselme, C., Mandra, V., Baudin, I. and Mallevialla, J. (1993). Optimum use of membrane 

processes in drinking-water Treatment. Water Supply. Vol. 14, Nos.3/4, pp. 473-486. 

Chai, C-F., Lin, T-Y. and Hao, O.J. 2000. Effect ofHumic Substances Characteristics on UF 

Performance. Wat. Res. 34(4): 1097-1106. 

Christman, R.F. nad Ghassemi, M. (1966). Chemical nature of organic colour in water. Jounal 

AWWA. Vol. 58: No.6: pp. 723-741. 

Chang, M.R. , Amy, G.L. and King, P.H. (2001). Removal of Organic Matter in Water 

Treatment. J. Environ. Eng. 111(6) : 850-864. 

Costas Pelekani (1999). Characterization of Clean and Natural Organic Matter (NOM) Fouled NF 

and UF Membranes. and the Foulants Characterization. Desalination. 118 : 101- 108. 

Crozes, G., White, P. <and Marshall, M. (1995). Enhanced coagulation: its effect on NOM 

Removaland and chemical costs. Journal A WW A. Vol. 87 :NO 1 : pp. 78-89. 

Eaton, A. (1995). Measurii1g UV-absorbing orgar1ics :a standard method. Journal A WW A. 

Vol. 87: No.2: pp. 86-90. 

Edzwald, J.K., Becker, W.C., and watties, K.L. (1985). Surrogate parameters for monitoring 

organic matter and THM precursors. _Journal A WW A. Vol. 77 : N. 4 : pp. 122-132. 

Gassemi, M. and Chirstman, R.F. (1968). Properties of yellow organic acids of natural waters. 

Limna. Oceanog. Vol. 13 : p. 583. 

Gjessing, E.T. (1996). Humic substance in natural water: Method for separation and 

Characterization. Preceeding ofiPB. Symopsium: Amsterdam: pp. 191.201. 



Goel, S. , Hozalski, R.M. , and Vouwer, E.J. (1995). Bioegradation of NOM: effect of NOM 

source and ozone dose. Journal A WW A. Vol. 87 :No. 1 : pp. 90-105. 

67 

Hanra, A.M. , Allgeier, S.C. , and Summers, R.S. (1996). Assessment ofnanofiltration 

membrane for NOM and bromide removal from surface waters. USA. (Unpublished 

Manuscript). 

Hassett, J. J. , and Banwart, W. L. (1992). Soils and Their Environment. New Jersey : 

Prentice-Hall. 

Jacangelo, J.G. , DeMarco, J. , Owen, D.M., and Randtke, S.J. (1995). Selected processes for 

removing NOM : an overview. Journal A WW A" Vol. 87 : No. 1 : pp. 64-77. 

James kilduff and wailter j. webber (1999). "Flux Decline During NanoFiltration of Naturally

Occurring Dissolved Organic Matter Effects of Osmotic Pressure. Membrane 

Permeability. and Cake Formation." J. Membrane. Sci. 239 : 39-53. 

Kavanaugh, M.C. (1978). Modified coagulation for improved removal o[Trihalomethane 

Precursors. Journal A WW A. Vol. 70 : No. 11 : pp. 613-620. 

Kim, S. and Elimelech, M. (2005). Chemical and Physical Aspects of Natural Organic 

Matter (NOM) Fouling of Nanofiltration Membranes. J. Membr. Sci. 132 : 

159-181. 

Mallevialle, J., Odendaal, P.E., Wiesner, M.R. (1996). Water Treatment Membrane Process. 

A WW ARF, Lyonnaise des Eaux, Water Research Commission of South Africa, Nev.' 

York: McGraw-Hill. 

Marsono, B.D. (1996). Removal ofTrihalomethane Precursors by Nanofiltration. Thesis of 

Master of Engineering, Asian Institute of Technology. 

Najm, LN. , Patania, N.L. , Jacangelo, J.G. , and Krasner, S.W. (1994). Evaluating surrogates for 

disinfection by-products. Journal A WW A" Vol. 86 :No. 6 : pp. 98-106. 

Owen, D.M., Amy G.L., Chowdhury, Z.K. , Paode, R. McCoy, G. , and Viscosil, K. (1995). 

NOM characterization and treatability. Journal A WWA" Vol. 87 :No. 1 : pp. 46-63. 

Ripperger,S. Vigneswaran, S. and Ben Aim, R. (eds). (1989). Microfiltration. In : Water. 

Wastewater and Sludge Filtration. CRC Press, Florida, USA. pp. 173-190. 

Stevenson, F.J. 1982. Humus Chemistry: Genesis! composition. Reactions. New York: 

Wilery-lnterscience. 



68 

Symons, J.M. , Bellar, T.A. , Arswell, K. , Demarco, J. , Kropp, K.L. , Robeck, G.G. , Seeger, 

D.R., Slocum, C.J., Smith, B.L., and Stevents, A.A. (1975). National Organics 

Reconnaissance survey for Halogenated organics. Journal A WW A~ Vol. 67 :No. 11 : 

pp. 634-647. 

Tan, L. and Amy, G.L. (1991). Comparing Ozonation and Membrane Separation for Color 

Removaland Disinfection By Product Control. Journal A WW A~ Vol. 83 :No.5 : 

pp. 74-79. 

Taylor, J.S. , Thompson, D.M., and Carswell, J.K. (1987). Applying Membrane Precesses to 

Groundwater Sources for Trihalomethane Precursor Control. Journal A WW A Vol. 79 

: No. 8 : pp. 72-82. 

Zeman, L.J., Zydney,A.L. (1996). Microfiltration and Ultrafiltration :Principles and 

Applications. : Marcel Dekker. 



illflf.I'U1fl 



illft~'W1fl f) 

~11HHt;r~Fl~~'Y'J~flcU 

70 



71 

' Q.J o' .d. d. 9) 9) 4:::1, .o:::t"' ~ 
Vll1Hn n.l ~ l';i 1 \l U 'ff~\l-w f1 f19l''U tl\l 'ffTH'I ~ f11V'YllJfl11lH 'UlJ 'U 'W 'U tl \l 'ffl'j tl'W 'Yl ';i V1i ';i ';i lJ'b'l~ 

llfl~fli'JJ~ tl~~ ';i tli''I.Jfl11Wt';i \l1.h~ ~ 0.01 iJJfl~tl~~';iUi''IJ~1V i9l't~VlJflfltl 1 ';i~ 
"' .. "' 

'fl11lJ~'W 15 psi 'VHtl'll' 4 tlJlJt'IJ';i'W'U'Wl~ 1000 ~tlfl~'W 

mlJ1~1~1fid1-:Jvi~H1a1 mmVI1~1fid1\lviflr;m1 
lyJV <f 1 na1 (min) fll an9l' (1/hr/m 

(mllmin) (1/hr) 

0 12.64 0.753100 12.1296 

10 12.57 0.753900 12.0624 

20 12.53 0.751800 12.0288 

30 12.45 0.747000 11.9520 

40 12.46 0.747300 11.9568 

50 12.43 0.745800 11.9328 

60 12.33 0.739800 11.8368 

90 12.11 0.726600 11.6256 

120 12.07 0.724200 11.5872 

150 12.01 0.720300 11.5248 

180 11.78 0.706800 11.3088 

210 11.71 0.702600 11.2416 

240 11.63 0.697800 11.1648 
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m~H~ fl.2 l'll'Hm 'ff\01-:J.Wr:l flcM"UtJ ·HY1'H1 ~mv~~ f11llJ t ,rlJ,r u "U f:l ·Hn~ fl'U 'Vl ~ Vli~ ·nJ'lfl~ ij~ i1 fli'lJ 

~t1i1m tlhJf11llJUH1h~'il 0.01 hm~f:li1mti11J~1V t91t~Vl.Jf1~f:l h~ f11ll.Jfl'U • 
d ~ 

15 psi 'V'Htl'lf 7 !lJlJ!1J)'U'U'UWI 1000 \Oltl~I'I'U 

mmVJ~~·unh.:~viarnn mmVI~~ ·;mciHviar:nn 
riwJ~flcU (llhr/m 

2
) n~;n (min) 

(mllmin) (1/hr) 

0 13.21 0.792300 12.6768 

10 13.17 0.789900 12.6384 

20 13.13 0.787800 12.6048 

30 13.08 0.784500 12.5520 

40 13.07 0.784200 12.5472 

50 13.08 0.784800 12.5568 

60 13.03 0.781800 12.5088 

90 12.99 0.779400 12.4704 

120 12.98 0.778800 12.4608 

150 12.97 0.778200 12.4512 

180 12.98 0.778500 12.4560 

210 12.96 0.777600 12.4416 

240 12.95 0.776700 12.4272 
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~Tn~~ n.3 1'11'Jl'lUbll'1'lvl~fli''U~·HYl'JCJ::mv~ihr:mJt'li':u'li'u<U~'lblnuu'VI1vlinlJ'lfl~ iJCJitflf:u 

~~itl'l'J tlfufl11lJm 'l1h::" o.o 1 1:uCJ~~itmtlful•~hv t9ft~VlJfl CJ~ 1 'J~ fi11:J~'W • 
d "" 15 psi 'V'H~'lf 10 tlJlJt'U'J'U'U'WWI 1000 ~WCll'l'U 

m~l~'j~1~£h'lvi~mn mm~'j~16UHvi~nlll 
I 'fl""' G 2 nlll (min) fll llfl9f (1/hr/m ) 

(ml/min) (1/hr) 

0 13.28 0.796800 12.7488 

10 13.67 0.820200 13.1232 

20 13.74 0.824400 13.1904 

30 13.71 0.822600 13.1616 

40 13.78 0.826800 13.2288 

50 13.82 0.828900 13.2624 

60 13.87 0.831900 13.3104 

90 13.97 0.838200 13.4112 

120 13.98 0.838500 13.4160 

150 14.00 0.839700 13.4352 

180 14.02 0.841200 13.4592 

210 14.01 0.840300 13.4448 

240 14.03 0.841800 13.4688 
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fll~H~ fl.4 ~1'j1~Uff~ ·n'hlflctl'li~Flff1'j't'J~mv~firr:mJt~ll~'U'liV~ff1'j~JtJ'YI~V1i'j'HJ'lf1~ lJ't'li1flfll 

~vi1~'j tlfuf111lHtH1h~11 o.os 1ml~vi1mtlfu~'Jv 191t~mm't'lv 1'jfi' f111ll~'W 
q 

d ~ 

15 psi 'VHV'lf 7 tlllltlJ'j'U'lJ'UWl 1000 ~V't'l~'U 

m~m~\ll1Vrh-:~vi~H1tll mmfl~l'l1vrh..:Jviunttl 

t1tll (min) (mUmin) (Ubr) fiw.f~ncU (Ubr/m
2
) 

0 12.19 0.731100 1 L6976 

10 12.11 0.726300 1 L6208 

20 12.11 0.726600 11.6256 

30 12.03 0.721500 11 .5440 

40 1L92 0.715200 1L4432 

50 1 L71 0.702600 1 L2416 
-

60 11.49 0.689400 11.0304 

90 11 .22 0.672900 10.7664 

120 1Ll2 0.667200 10.6752 

150 10.98 0.658500 10.5360 

180 10.62 0.637200 10.1952 

210 10.39 0.623400 9.9744 

240 9.92 0.595200 9.5232 
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~ 0 Q.l d~ 9) iJ ~ .d ~ ~ 
fll'l'Hfl 'U.l ~(;lf11':if11~~'1JtFH1'1'H'l~(;llti'YllJfl11lJt'IJlJ'IJ'W'Ufl·H1'1'Hl'Wi'l'HJ'Yll~li':i':ilJ'l5Wl 10 

iJ"i1ni'lJI'it:~i11'11 fi'Jll!U':i ~1h~ ~ o.o 1 llJ(;ll'it:~i1mi.Ji'u~ 'Jtll ttft~tllJfl(;lfl ~h~ tl!l!ti.J':i'W • 

'IJlJl~ 1000 ~t:~Cll'itJ i.Ji'i.J'Wtfl 'lH~lJ 4, 7 UC't~ 10 

.. 
TOC 1tn.h Permeate (mgll) 1.h~~flfiiiTVHll'lfll.u'f! NOM (%) 

mmfl'l (ml) pH=4 pH=7 pH=lO pH=4 pH=7 pH=lO 

250 0.60 0.64 0.90 94.00 93.60 91.00 

1,000 0.74 0.77 1.12 92.60 92.30 88.80 

1,500 0.92 1.03 1.44 90.80 89.70 85.60 

2,000 1.04 1.42 1.83 89.60 85.80 81.70 

2,500 1.16 1.58 2.01 88.40 84.20 79.90 

3,000 1.28 1.82 2.24 87.20 81.80 77.60 



77 

.d 0 Q.l .rd.:::t y y ~ ..:::! .I ~ 
~l"HH1 'U.2 ~~f11Jf1l'il~'Utl ·HYl'Hl~~lti'VllJfl11'-H'UlJ'U'W'Utl·HY1Jtl'W'Vl'HJ'Yll.:j1iJJlJ'b'Wl 10 

iJ~ilni'lJ~uilm tJi'uwm'b't~'W 4 fl'Jll.Jt~':i \ltJJ~'il 0.01 u~~ o.o51lJ~~ailmtJi'1J • 

" 
TOC 1tnh Permeate (mg/1) thdhlfi.m'V'I m·nhu A NoM (%) 

1fhn~-a (ml) I= 0.01 I= 0.05 I= 0.01 I= 0.05 

250 0.64 2.14 93.60 78.60 

1,000 0.77 2.56 92.30 74.40 

1,500 1.03 2.89 89.70 71.10 

2,000 1.42 3.04 85 .80 69.60 

2,500 1.58 3.30 84.20 67.00 

3,000 1.82 3.97 81.80 60.30 
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fll'H:J~ fl.l \91111-m ff\91~ t-m m1 ~ 11 u u ~~ u uu uu v~w1 ~ lfflHl~ mv~ ihJ1m191 ~ 'IHJ.:J ffl~ fl'W 'VI~ 6 
li1Hl"lf1~ 10 iJ\91~ 1H'Ufo11lJU1-:J1h~'il 0.01 lml~ViJm1Jfu~Pi'1f.l lCJfl~f.llJfHHJ h~ 

q 

Ql "' Ql 

fl11lJ\91'W 15 psi VHfl"lf 7 1lJlJ1lJ1'W'U'W1\91 1000 \Pifl~\PI'W 

.., I mlflfl"j~ (ml) fl'Jelt!H TOC (mg!L) UV (1/cm) pH Conductivity (J.IS/cm) 

· Viall 250 5.19 0.0453 7.3 338 

Vial2 1,000 5.24 0.0457 7.5 352 

Vial3 2,000 5.93 0.0518 7.6 390 

Vial4 5,000 6.96 0.0607 7.5 450 

VialS 7,500 7.85 0.0685 7.6 512 

Vial6 8,500 8.31 0.0725 7.4 540 

Dial 1 8,750 6.52 0.0574 7.5 430 

Dial2 9,250 5.02 0.0442 7.5 325 

Dial3 9,500 4.59 0.0404 7.4 300 

Dial4 10,000 3.95 0.0345 7.4 260 



80 

Vll'H~~ fl.2 \911'J 1.:1 u ff~ .:~ r-Hl f11'J ~ 11 u 'W 'J:: u u u uu fl'rt \91 'J 1ff1'J rt:: mv~ihHlJ 1\91 'J'\J~.:! ff1'J ~'W'VI1 u 
:B'JHI'lf1~ 10 ~\91'J 1H'urr:mmH1h::~ 0.01 il-lrt~Pi~~mlli'u~-w 19ft~vm1rt~ 1'J~ • 

.... "" .... 
fl11lJ~'W 15 psi 'VH~'lf 7 tl11H'l.J'J'W'\J'W1~ 3000 ~~rt\91'W 

' QJ I mlJlVI'afl (ml) VI1Bf.IH TOC(mg!L) UV(l/cm) pH Conductivity (J.IS/cm) 

Viall 250 8.07 0.0701 7.4 530 

Via12 1,000 8.23 0.0718 7.5 536 

Vial3 2,000 9.43 0.0822 7.5 615 

Vial4 5,000 10.01 0.0873 7.5 625 

VialS 7,500 10.48 0.0912 7.6 680 

Vial6 8,500 10.86 0.0948 7.5 709 

Diall 8,750 9.87 0.0862 7.4 644 

Dial2 9,250 9.29 0.0811 7.4 610 

Dial3 9,500 8.88 0.0775 7.5 580 

Dial4 10,000 8.41 0.0734 7.4 548 
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Vll'lH~ fl.3 ~ 11 l~U ff~ \li'Hl fHJ \Plltih.J '.'i ~'U 'UU 'U'Ufl r! ~ '.'i 1 fflnl ~ mv~ihH m~ '.'i'U'O~ ffn fl'W 'Vl1 ~ 
1in:IJ"t<1~ 10 i1~'.'i ui''Uf111:1JU'jnh~11 0.01 1:1.1r~l'ivi1mui''U~1t119ft~ti:I.Jf1ri'O h~ 

q 

.... d .... 

fl1l:IJ~'W15 psi VH'O'b' 7 t:IJ:I.Jt'U'.'i'W'U'Ul~ 5000 ~flri~'W 

QJ I th~lVI'l~ (ml) VlleltiH TOC(mg/L) UV(llcm) pH Conductivity (J,JS/cm) 

Viall 250 9.58 0.0836 7.4 625 

Vial2 1,000 10.53 0.0919 7.3 686 

Vial3 2,000 11.43 0.0997 7.4 746 

Vial4 5,000 12.43 0.1084 7.4 811 

VialS 7,500 13.89 0.1211 7.4 906 

Vial6 8,500 14.03 0.1224 7.4 920 

Dial1 8,750 10.95 0.0956 7.3 714 

Dia12 9,250 10.78 0.0941 7.3 704 

Dial3 9,500 10.45 0.0912 7.3 680 

Dial4 10,000 10.18 0.0889 7.3 664 



Vll~H~ i>1.4 \91111-:JU~'fi.:J~H'lfll1~1tU'U1~111JU111JU'l\9111~11'l~'l1V~ihl~lJ1\911'\J~.:J~11fl'U'VI~V 
1i11lJ'lf1~ 10 ~m 1li'u~11l.ltt1 ·nh~11 0.01 1lJ'l~~~\9111li'm1'1vl9ft~VlJ~m:h~ 

q 

QJ "" QJ 

~11lJ'fi'U 15 psi 'V'I!~'lf 7 tlJlJt1J1'U'\J'U1'fl 10000 'fl~'l\9l'U 

QJ ' thmVI~~ (ml) V11elfJH TOC (mg!L) UV (llcm) pH Conductivity (IJS/cm) 

Viall 250 14.58 0.1273 7.6 950 

Vial2 1,000 15.59 0.1361 7.6 1,016 

Vial3 2,000 16.43 0.1434 7.6 1,071 

Vial4 5,000 17.39 0.1518 7.6 1,134 

VialS 7,500 18.76 0.1637 7.6 1,224 

Via16 8,500 19.75 0.1741 7.6 1,288 

Dial1 8,750 13.58 0.1185 7.5 880 

Dial2 9,250 13.09 0.1142 7.5 853 

Dial3 9,500 12.58 0.1097 7.5 820 

Dial4 10,000 11.61 0.1013 7.5 757 
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Vll'lH~ fl.s \91111\IU "w1 'I I'm n1 'j ~P~1 t U'U 'j ~ 'lJ'U tt 'U 'U~(l\91 'j lffl'j (1~ (11tJ~ih.J1lJ11'l n1 fl\1 ffl'j ~'U '¥116 

1i'J'JlJ'lf1~ 10 ill'l'J 1li''Ufl11lJUH'I.h~1l 0.01 ilJ(l~flill'l'JDi''U~'Jtl iCJft~tllJfl(lfl ~bf. • 
"' "" "' fl11lJ~'U 15 psi VHfl'lf 7 LlJlJL'U'J'U'IJ'Ul~ 30000 ~fl(ll'l'U 

cv I m'lflVI'l~ (ml) VI1~WH TOC(mg!L) UV (llcm) pH Conductivity (IJS/cm) 

Viall 250 5.77 0.0504 7.5 376 

Vial2 1,000 7.42 0.0648 7.5 484 

Vial3 2,000 8.93 0.0779 7.4 583 

Vial4 5,000 10.43 0.0909 7.5 680 

VialS 7,500 11.13 0.0970 7.3 730 

Vial6 8,500 11.95 0.1043 7.4 779 

Dial1 8,750 8.64 0.0751 7.4 563 

Dial2 9,250 8.45 0.0739 7.5 550 

Dial3 9,500 7.99 0.0698 7.4 521 

Dia14 10,000 7.64 0.0657 7.4 498 



fll'aH~ fl.6 ~ nl·m 'ff~ .:J HClfl11 ~ 1~ 11 'W 1~1J1J tt1J1JtlCl~ 1l'ff11 Cl~ ell tJ~ ihJ~ lJ 1~ 1'\Jfl.:J 'ff11 U'W 'V1 ~ v 
1i11lJ'lfl~ 10 ~~1 1H'mr:m.JHH'l.h~~ 0.01 LlJCl~fl~~1Ui'1J~·:w1Cb'~~tllJf1Clfl~h~ • 

... .. ... 
fl1llJ~'Wl5 psi YHfl'lf 7 ~lJlJ~1J1'W'IJ'Wl~ 100000 ~flCl~'W 

OJ I tnlnfl'a~ (ml) fl1flfJH TOC (mg!L) UV(llcm) pH Conductivity (IJS/cm) 

Viall 250 5.36 0.0468 7.5 349 

Vial2 1,000 5.47 0.0477 7.4 356 

Vial3 2,000 5.93 0.0517 7.4 386 

Vial4 5,000 6.24 0.0544 7.4 407 

VialS 7,500 6.43 0.0560 7.5 420 

Vial6 8,500 6.61 0.0577 7.4 435 

Diall 8,750 4.35 0.0380 7.4 285 

Dial2 9,250 4.01 0.0350 7.4 260 

Dial3 9,500 3.78 0.0329 7.4 246 

Dial4 10,000 3.50 0.0305 7.4 228 
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..::1 y y .C::.. .::t.J Clio .t:::l ~ cv I Q 

1. fll~!Cl~f.J'IJfl1l'IJ!'U'IJ'U'ki'U6~tlT.itl'kl't1'H.Iti'l'l'IJ'Il'lC'I 10 '1Jt1t1fl'l'IJC'Itlt1Cl~ 

~16£hm/u fll'HI'l5tJlJI911t!~1~'1HN NOM 10 mg/L 1lf1J~ pH7 Uti~ I.S. 0.01 Mas 
~ ~ 

.d Q.l Q.d. 0 Q.l d. 

NaCI lJ'I.It.!l'ltJt.!Utl~ 11ifll'Jfllt.!1W l'l~t.! 

(I) 1 ~ t1 'il H tl'n ~ t.~'l'11 V1i 'J 'J l.l'lf1 ~ ~ ihn1l.l 1'1i mi'u "'~ ~ 1vJ 11l'J 1ff'il 1 ni t1 t~t!t.!(D.I. 
'U . . 

'i "" 'l} 'l} d 'l} 

tl'ltl'l'lfl11lJ!'UlJ'Ut.!'UtJ~ NOM 'l'll'ltl~fll'J (Cl) = 10 mg/L Water) 
~ 

~ ~ I o ~ 

fl11lJ!'UlJ'Ut.!'Ut!~ NOM 'il1f1!tl1tl~t.!11i'J'Jl.J'lf11'1 (C2) = 241 mg/L 

" 111ml'l'J'Utl~'l.h D.l. (Vl) = 10 L 
~ . 

111l.J11'l'J'Utl~ NOM 'il1f1Um'l~'il11i'J'Jl.J'lf1~Yi~t!~fll'J (V2) 

C1Vl = C2V2 

V2 = C1V1 = (lOmg I L)x(10L) = 0.414L(414mL) 
C2 (241mg I L) 

. . ~ 

~vhfiu 625 ,c .cm-1 Yit~tul1.fllJ 26.1 °C n"~'l11fll'Jfl1t.!1Wl11fl1fl11lJ'il1ivHhYi 25 oc ~~u f-lU • 'U 

C d . . (25oC) Conductivity(T) 
'il 1 f1 tl'l.J f11 'J 0 n UC(lVlty = -,----------'---'--'"----7 

(1 + 0.01090(T- 25)) 

625pS.cm-1 

=~--~---~ 
(1 + 0.01909(26.1- 25)) 

~ . 
(3) 'l11fll'J ~1t.! 1W l11fl11lJ!'tilJ'Ii'W ~ltl~ NaCI it.! \9l 1t1~1~'\l1Yiiifi 1f11HJ 1i vJVh 612.17 

J1S .em_, ~1tJ1tui-H'L~u "b"~t~~l'l'J tl'lmmv1JLYitJ1Jn1JmwhJ1mj1uiumV~~ ~-1 



·' 

~ 

0.12 -,---------- - ---------- - ----------- - --
1 
I 

I 
0.1 J Y = (9 .4 x 10-6)X 

R2 
= 0.999 
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~ 0.08 -C) 
c: 
e -tn 
.~ 
c: 

..Q 

. 

0.06 

0.04 ~ 

0.02 --; 
I 

1--- - - --- - ---,- ---.------1 

0 1 000 2000 3000 4000 5000 6000 7000 8000 9000 1 0000 11 000 12000 

Conductivity (uS/em) 

m-wn 1. frnvhn~':i,-TwttJ~ CJ1JtYiv1J':i~'l1-h~~wt11lHL ':i ~-u':i~1ln1J~lm':iu 1 i vHh 
~ . 

" 
'ffll.Jl':iflfll'U'JW i~~~~fl itJu 

J.S. = (9.4 X 10--6) X 612.17 

=5.75x10-3 M 

1llfl NaCl => Na+ + cr 

X X 

j) f),) G1 G1 I d d f CLI ..J o li}SJ 
fl11llt'Uli'U'U'Ufl~ NaCl t'U~1fltn~'YH~':itlllt'Vllfl1J 0.00575 M CJf~fll'U'JW t~1llfl 

NaCl standard 



... 

Ltl'lf 10 

88 

~ ~ 

~.:JUlJtll'Jrl1'U1Wfl'11lJtt'J .:J1.h~ ~mY~.:J i~~.:JU 

I.S. = ~ { (1) 2 
[ Na + J + (1)

2 
[ cr J + 0.00575 + 0.00575} 

1 
0.01M =-{x+x+0.00575+0.00575} 

2 

X= 0.01-0.00575 

x = 4.25 x 1o-3 M 

J/ I f 5) 

t.Jmun"Ut~.:J NaCl Vi'il~l'i't~.:Jt~mwlli'lltJ1wi~~.:Jil 

X= 4.25 X 1 o-3 moll LX 58.48g I mol 

X=0.25giL 

' ~ 

( 4) L~tiL~ mru l9ft~vl.lmHJ i 1 \Pi' (1-:J itJ lhl'i'lt~ VHH~'l 1 ,r'V11 tll'J 1l i''Urh~tt~'lf1 ,ri~ 

<Q _I do _I., ' -1 31 _I., 
(5) tll'Jfttl'lllH(l"lJtJ.:JfldllJtl H"Uti.:JlJ'J~'iJtll11tll'JIJ'J'Ufllfl11lJU'J -:jlJ'j~ 'iJ\911lJ"Utl (3) IJ'J'U 

q q 

fl11lJHH'i.l'J~'iHtJlJ 0.05 
q 



.d 
'lHJ-'WlJJ~m'l 

q 

2542 

2548 

1 ~mflJJ 2520 
q 

:B.:J'l·'I'J~cJftl.fliJ 36110 l'Vl ':i. 044-861472 
'" 

l'Vltll'fYl~mll'rucV1~ ~l'Ull'Ml1 'W 1{;"jfi;1fll'Vl 

JJ m1 'Vl mr:r tJ'IJU 'W tt rl'W 

' .::::::t. Q,l ..:::::.. .<:::t. ..:::::), 9) 

1'fY1 m~ JJ'fl'l~~~JJ'!111Jru CVll'l ~l'IJ11'fY1m~ JJ~ .:Jtt11'l(;'ltJJJ 

JJ m1 'Vl til r:r uu11 m l'lf1i 1iJ 
q 
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