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An Overview of the Pretreatment Processes in Seawater Desalination Plants
using Reverse Osmosis Membranes
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Abstract

Seawater desalination process using a reverse osmosis (RO) membrane has been considered as one of the most promising
technologies in solving the water scarcity problems in many arid regions around the world. To protect RO membrane in the process,
a thorough understanding of the pretreatment process is particularly needed. Seawater organic matters (SWOMs) may form a gel
layer on the membrane surface, which will increase a concentration polarization. As the SWOMs can be utilized as a substrate,
membrane biofouling will be progressed on the RO membrane surface, resulting in the flux decline and increase of
trans—membrane pressure drop and salt passage. In the middle of disinfection, an optimal chlorine dosage and neutralizer (sodium
bisulfite, SBS) should be practiced to prevent oxidizing the surface of RO membranes. Additional fundamental research including

novel non—susceptible biofouling membranes would be necessary to provide a guide line for the proper pretreatment process.

Key words : Seawater desalination, Reverse Osmosis (RO) membrane, Membrane biofouling, Pretreatment process, Seawater
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1. D2HEQl &+ EHedt HE & WA Farl o, Al AL Aol whekao] 2006

= T«
1248 sirerst S0E ARIGE SHAIH SE8 Y

2 S uEtelA] Bt S o] &3 sl el Fof A 3t o] AR ST O BA PFjely|E
sk Bido] F7hE AL 9tk 53], AHRuks o] 83t sl A (GISD) & THOZE 4 712 AR o] g5t
o] @43} 32 AA| 31 FR1 59} ey gko I U} (www.seahero.org). AU (low energy), Tl
25 3 Vledded B s & Ao Jddrh &3} (large scale) 18] 119843 (low fouling) 2] 3 L
SAINE o] gk A7) diste] BEg 7 diztolu vl 7leS R 93 & 59 /1Y B 3R AR
g EoHHE VA= A SbE FEAe Al & FRsk MAFH Y] JF AR Vs HRE B
Atk L B fEvEelA s rE oA B B4 £ 3k Qlek & deld e oakReke ARgske slirerst
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=2 Asto] FETE FusEe
Kim et al., 2009). ©]&]3} 3f
HE= AAA L] 2/37F ARg-tolh]o}, ofgteld o] =
t (UAE), 27t 59 s5=7Fel A3 9la 55
o1 E9 7= = & AR 100% AF-5 e
o] ¢J&3}kar Itk (Mehdizadeh, 2006). 2004 % 7|
2, AAAH =z 10,350709] alirErat ZMEZ} )
714 AAkEE B2 3kl 3,700%F o)} Hr} (IDA,
2004).

2] @3} (seawater desalination) 3782 IA 5
W (wet oxidation), 71547 (electro—dialysis, ED),
T8 3 GARE whRE) I (reverse osmosis, RO) 50 &
58 5= 9t} (Greenlee et al., 2009). 49S o]gal=
TS A9 el wet o
(multi—stage flash, MSF) ¥} t}=a8% (multi—effect
distillation, MED) ©.2 1hdt} (Greenlee et al., 2009).
OIAE w342 A7) (o, Na" K'.Cl, Br, 5.) 4
o7} (ell, Mg" Ca™ S0, 5) 9] ol E7H AZ 5 e
AAE (RO) 2 W9l 307 o] g3 do) Z7]=
sl SNE 14 Al i Aate] 7Fs$ MEDSH O
2 Wol A AT, F ol AR 7F A AvlE
ZZto] gol3ta FAFXEA Q] ROFA o] Wol A =1
Stk ThA] webd, Eejut 7o) artoly ke 1 TR
oF 34 &4 9 W An] 8-S Eele 2907 7 v
37l vlsl AT 4 QS Al Aol el 7S
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e 2 25 el wek 2572 4 Qlth
Apa) © 2= H3od ) (dead—end filtration) 9 A
o33} (cross—flow filtration) 2 T-¥t}, A} oiz} o

< v ¥ FHEHE ETE &S A & 5 3l

Al
b S |
O FASRS 44 Feab st v 29 fdel ola

lo

oA e A KA1 5= Qo] A% el Asitt
(Mallevialle et al., 1996). 25 o] wetd e HE
(spiral wound), 34} (hollow fiber), ¥ (tubular),
B3 (plate and frame) 0.8 FEEACH YA RELS
AT7F TR BT} 22 FEe] Wyt Alole| ojTrt
55 F e ¥ oo, vt vk Alolol= AST
(spacer) = 7ol 47t 55 & J=F st} 2} ot
o] 1 Atolef] E]z==243 (polypropylene) #1712 2
SHE el g SUAA =EAEE S

= 222

=

4

= (concentration polarization, CP) &2 74
= T Ao Fuk Al B4} 7S XA A S
uko] ool 1EFE Y] ATHES AF AR & FF

ez Polr wH=ETF (Vrouwenvelder et al.,

i

gl ZHES] A9} 29 FHF Hi= 3l
Ay} #edo] it Gk 2l sl 7 2% 54
T st el 9 Stk Aotk di-E T8
% ¥ (Total Dissolved Salt, TDS) & EA|=m, x|
Fol7F Q171 SRAIRE, LntA © 2 38,000—48,000 mg/L
ot} (Greenlee et al., 2009). ¥ RO 3-7dIx YE
Na") ¥} g4 (C1) < AAREEE 99.7% ool ©]
1&50] 0 JuE 9 Az &4 SolM BAEE nAE
9] AR EE thest sl S 738k qlvk 1e| =
27 o] Axe] 34 T oS AAAI =
& Mo zy sirdrst EUES] 9 585 &
A7 4= 3tk (Leparc et al., 2007).

B4 (Boron) €] 749~ g-oellA] At [BIOH)s] <] @
B2 EA8H, dll4=2] 2ol whef 4-7 mg/l MR 57
H} (Choi et al.,, 2009). o]doll= ROES AR5}
Bl AAFEC] 75-80% FYEZ Wol TA|7F Hgiom,
Hwd =2 pKA,(=9.2)5 st 449 pH &
10-117857H4 &8 AA 888 S7M71= 29 RO 34
S wa)E dt} (Magara et al., 2000). SHAIRY, &t

U a7} 3]s FAolH Fa AA &
A tpeFgk ROEo] /i 024 A|AE0] 0% =R F
7=t (Henmi et al.,, 2009). #3112 World Health
Organization (WHO) &] &85 7] A1 3-8+ 1993
o= 0.3 mg/L °]glow, 200430l 0.5 mg/L= Ak
ZEoH o RE 2 my/l YRR 95k How ot
oy =3 vje AglEyol F A= (California
Department of Public Health, CDPH) oA+ 549 &
F 71% 38X+ 1.0 mg/loltt (ww2.cdph.ca.gov/
certlic/drinkingwater/Documents/Notificationlevels/N
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2. si+E=3t ®HXE 39

Fig. 1> 7]&2] 4utQl a3l 37d <] dAzel
HALolt AA 348 s 7 (intake) ¥ v,
RO ol 48 v 4= Q= vlAle Be), mAE, {7183
o 94 T gehARl W o s AEshs A 3,
a2l & AABt] "k A7l RO 34, 12]a AR

H o) uet eAds37E pH 24, 94AFYE she
FAE] 3O Wk 53], #HA <] dAe] wAolsk &
FANAL weds HAR =T RO 2] AME7I7HS
Axste] AH o g AA S AALOE &Y=
Zolt}t (Greenlee et al.,, 2009).

SHAHYE o] &3t 71EY BF: AA T A A
qho] ofug} theket HAS 717l ol 7HA| e ES
FRIeh the AT Hm, 11 Hofof & F k4] A
2 773wl ek F ¥ sl 4 (coagulation) B
<A (flocculation), tFE A 13} (media filtration), 7}
EZX] o3} (cartridge filter) 59 Axlg] THE 7A]
# RO 3 0= A=A Frt olgfg thAlS] EFE A
g A= Fol A A7 U] EeEelv A=, v
5ol AAHE WA 2K FRol=g) 8 {7 EH
A7) Ykl A (FeCly) B ol Z2H
< T3t 22E SN e, e o AlY FHESA
A} AREEILE AP o7 AT 22 B S3A 2
FYFel (6-30 mg/l) Yol ZEH FUF
(0.1-1.0 mg/L) B} AR W} (Greenlee et al., 2009).
YR Alum) 53 22 &FulgE S3AS] 49 RO
g flel] o] Hol 2o s HUAE F QOB RE ol
ARG Qkar ik sl 3] A ] e
AR (Silt Density Index, SDI) 7} o} 4] ¢¥o™ (K
100, FFYAREs A wEolFe =4
(flocculation) %=+ 37 (sedimentation) &7d-& A &lst

o HE

i

d

i

olr

W o
=

A ko tjalef F-wRE 33 (inline coagulation) ¥ o]
20]7| 5% 3t} (Greenlee et al., 2009). FH% sfl5=ef 7]
Foll &gk 2990] A= A5, 77154 (Dissolved
Air Flotation, DAF) 34< F7I8I7|% ghth 7HERA] o
A8l 352 1-10 gm F7101H 5-10 pm Hle] YAV
=AEE oHAPIA Hok

upxjuo 2 njEe] Aol gt uteds Alejstr] 9
3lo] NaOCl, 994 (Cly),2E(03) 53 722 Aksd 454
£ TS oh, 719 A Ee st AAY S oA
317 $18ked Q1A (sodium hexametaphosphate) 52
F2AYA] (anti—scalant) & F7F=2 b dnka o
2 AT FFALEE7F0.5-1.0 mg—Cly/LZE EA
BIEE 24 &t} (Reverter et al., 2001). o], )
T8 pHE oabFeo] A4 gl ¥ U= 2457
flate] A (HaS00) = #Zol Fgth #852] pH &
ehbdEol AT E Fol7] Hdte] 5-7 MYE 2T
o}, AFdhe Zglolu| = (polyamide) U () S Ak
3t A7 RO 2Harls 74417171 Wiiell SBS (Sodium
bisulfite, NaHSO3) 522 %3}2]171t} (Sheikholeslami
et al., 2001).

ARk olg ] thAl 2 SR d S FYshe B A
2] 38> FHATE AT el v AAEEe] 54
olm HA ] 374<] T4, 4 9 A7} Hitsir o]
2t GRS 5P| flsto], vheket uiteHo] aldr
sle] WA g o® ueEa Stk ¢E 59, 1) FHely
(micro—filtration, MF) ¢} A3¥ 95574 (MF-RO),
T 2) dkelolT) (ultra—filtration, UF) S 28-3h= o4t

554 (UF-RO)E9 &3t 9A|2E (Integrated
Membrane System IMS)= AREshH=  ZA-$olth

(Bonnélye et al., 2008). F12, gl AFg% = Tk
st FEvs ¥ (pore) o A7) A

L=l

(molecular weight cut—off, MWCO) o] whe} 25 & &

TC 1=
AT

Acid Anti Sodium
Seawater Chlorine scalant ~ bisulfite High Holding
intake ul 1" pass tank
pressure an
RO
N /{/:/A/v Pum pump Regional
' ci) &) q service
Traveling -
screens Flocculator ~ Single or Cartridge
multi-media Filter
filter Energy Pump
recovery turbin
_ Brine
Post- = water
Intake Pretreatment RO systems treatment

Fig 1. Schematic diagram of a conventional SWRO desalination process.
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Atk MFER 0.05~10 g#m A73°] 55 7HH, th&
el vlal vl =& T (flux), 8ol8h A1,
Age] A 2 AN FoE ALt wWot
(Mallevialle et al., 1996). UFek 0.01~0.1 gm 719
- &2 IS VR ER, FEEAE, S ge] 90%¢) ¢
A9 F= e A 2= e Qlek AlA ol
48 B2 5,000~30,0000 dalton HE2] M+, F=
ol el A} {71E Fo] At (Mallevialle et al.,
1996). MF Ex= UFE o]g-8h 42| o]9]el & vheoza)
(nanofiltration, NF) = ©] €3t AA2x 18¥ 1 Qlc}
(Greenlee et al., 2009). MF/UF = AA8o2 1&g
I o e fAsH AL
NF = 8l 22 F20|= W AV B o2} 854
LAEANA AAE 7 Yo AHg
7HA 3L Stk

719 A& o] 83 MF A 3T MF/UFEAE
5745 vlaste] Table 1ol A 23k¢lth MF/UFE A-8-3t
T S A AR AAu] 7} 718 AT 3 el v
341 0—-25% 4% v we] SA% AA 2] DAl whesd
A5 (SDD & 74%38] ATAIA (K 2) AAA] 574 2n
= Z9Z2t} (Vedavyasan, 2007). B3t v S-S5 &
AT 37l nlal] dds] TR E vAdE e s 7t
AT FoFh Fug UF e ARHS 49, Aelao

S

p

60—150 L/m” - h % o]x|%t (Brehant et al., 2003),
UF-RO AlABlolA= 15-24 L/m® - h 0% 7HasiA 2
t} (Kamp et al., 2000). MF/UF & o]&3F Z3hA| AHof
A& ob A% SIAIE TSl E b, ds (Ferric
chloride, FeClg) o] 7} wo] A8t} (Brehant et al.,
2003). aFAINE F-A s e 919 S AlE A
At g Eo] HZELS o] AAV olelk BedEd
< A S5 Sk
3. eyt 4 L |7[EE (SWOM)
. sE 23 84k (Concentration polarization)
el SAsh= o274 E2=o] RO B &)
H= @42 929 (membrane fouling) ©]2}al -2, o]
= AgleAs ofsiA ik ol AA 34E 95
=l o] Avkst AAE E4E 7T Fok ge g
FQ AAEE= 1D 7719 A E (salt precipitation),
2) 771&4 (organics), 3) F=2o|=4 4=} (colloidal
particulates), 4) "]AE (microorganisms) 5°| 1o
(Flemming, 1997), °ol& % 53] A="tl gt v|d=
223 (biofouling) > 2% (flux) & AaA7]11, 9=b
¢t (Trans—Membrane Pressure, TMP) S $7MA)7]11 &4
0] FHES S7MA A RO w6l ek g v

Table 1. Comparison of conventional and MF/UF pretreatment (Vedavyasan, 2007).

Z&E dAE MF/UF & X 2| Sl
MF/UF2t Bl 7|1Eel S MAEl 8 =2 | MFUFSl AIMEXH|ZE 0-25%
=L Ch Ck 088, sHX|2h AL | Fx o 221t O 29 2Y¥H|=
siA AlMHIZE Zasls F=AML| M2 H|XSHCL
agom | BE 2R Ee e walo] §x M Jts | ®z Mxzl e MFUFel Ax]
°T FRI7H30-50 % HE Ha
MFUF 2ot 8 M2 ol | 2& MHMa| 2ot @2 M7 | F & fo #21 222 3
X 7= A2 2 =0 e F=XMolzZl St
X470l 4] | 7t t T ol _F_E_ :Eﬂ Imo ;P 5
MF/UF= HZ=Z zso 2 ™
O Z-H|,
o xix SEM o ciekst Hot2d| 85 Sl wel SEM A MFUFE 2o STEM ARS.
o- '“ =ol o
T H. = 7|‘
MELTZHOE ROSEE 2| L5l Jhsst22 M| MFUF 33 AMe2ls£= SDI #o|
RO A=x|H| HMst22 MFUFECH 1H[8 | H|& F3h Hoo 2 20%HE =2 R
S22 RO 3¥E 2uIts.
£ U42X$E 71X RO| W2 o2X$o UMHF | MFUF MA2lE Ze oeuxs
TR 25t netolAM 2| 7|2 sl XNH|g F1k £ 71 RO #e Mk %
RO 2%4H| M, S "igst RO HAIH Moo 28 7ts.
FI|2 ¢let 1H[Z, HMAE FI|E 10-100% LAl
71 RO 2= Az
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Ht} (Schneider et al., 2005). 2% 9o
v 52 M E 9] #2534 (Extracellular Polymeric
Substances, EPS)& 2]t US Aast YETO=R
2] X]—o],l o]g 7 }\g/HE A Euko o G&oy thE g4 4
A &2 =HA Hrk o] gA &3 | nAES
T oAl o i flel F-AtE]o] AEuhs A gt
(Al=Ahmad et al, 2000). ©]&]3t ¥} 92 53152 pH,

o] 27, o7k ol (o, Ca™ 2 Mg™") o] EA) 3, ot
EHe] F/A5d, 39 def, EHxk, 18 ]i%‘:‘,"ﬂ/ﬂ
| MR FYT B o 5o B 8 s Ak
o] 9 LAYSITE (Hong et al., 1997; Childress and
Elimelech 2000).

3l F2] oyt A BA T nAESC] g
28] FaEA A5k A -8 il RS Ellsh
3 9+9.%3 (biofouling) & oF7|A1ZIE} (Lee et al., 2006;
Ang et al., 2007). G458 o] 2214 {75450
v A=A 71 - R 2Hgskal wheba ] A= vreslo] Ast
wo] ghdoe] F-2e f7|EAES UErt oAl =
s}etA] Hys o] 7] flal HEr }‘7’%9* TEH Hc}f%kii
015“}0] %101474] Q—“Fﬂ ol Aael g3t & 5

o

Bto] g

OO]

{o

et dd-s FEE w9 Gl el gt AHESE ot
(cake—enhanced osmotic pressure) 2Fal 3} (Hoek et
al., 2003; Lee et al, 2006). 773 |42 A ghairde|

Hatejo] gk 5“40]'71] Ll R s
5 Zpol7} A CP - doit) 2k wiAy
3Z 9 aRA =4 (EPS)% TH] 3k
EH, g A Fo] FAE AT
ozt A & YRR A7) Fiks
A2 FEE S7MIAIT 7é 42RO
wo] Ao S o) AR o]
9k AHFE A3} (biofilm—enhanced osmotic pressure)
g}a1 3t} (Herzberg et al., 2007). 3= AAFS A4
a17] fleto] 7% ol s el ATHs A= oY
71 o] & AEo] AEE oLy, opH 7k AAgkae] et

7 grow] F7ke] Aol Aesi

=2
o

T
d
iy

ikl
i

o
=

o
oflt
oX,

ols
ol

X

n 2
ox
it}
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&
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.
£
lo 3
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o
4o 18
s
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12
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w12
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o 12
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32. sl W R7[=F (SWOM) §4A

ROZH9] g2l oS Wallshe 71 & 84 e
o]t} (Chen et al., 2004; Belfer et al., 2005; Xu et
al., 2006). F+452] /%7173 O}JZ]'%Z] (particulate) &
S AYul= YRkl (filtration) 2= v E S o
Aol EAsh= FZol= A 457 E 2ﬂ717} 7Fsatct

oluf, MAz] N AAHA k& Mg W F71EL
(seawater organic matter, SWOM) &2 RO 314
7= resls o7l =, olw|, pH, o], 9 0|7}
ko] 2 (o, Ca*") & A H/%-o Fae =t} o)A
gxd 9o H8H 2P=AES AAS] AsiA kgt
A, 584 AlFo] E7Hg ), o]= RO 2] Y& &5
AlZIty, SWOM thekst &3tE, 7 V\ o
(polysaccharide), T4 Fo2 FAEY, FH7]e4
(Total Organic Carbon TOC), £&H7]84 (D1ssolved
Organic Carbon, DOC), I1#]a AE3Y F7eka
(Biodegradable Organic Carbon, BDOC) 522 =A%
t}. o] F SDIE 7Ash: 247 TOC 4% F 4
gk (Particualte Organic Carbon, POC) o] s

7)% 8}, DOC % BDOC %482 Al9lsiA| |22 deke
SQAEE ASs]7T o Hek

3 52 DOCEEE AT ] AR o= A
A= et A He] 2 54 53 ‘E"‘iﬁ} P wieel ojaERl
s s |7h of Hek dello] vE 72 (59), sl ols)
20—30m ?IAeIA FHg | AES] 4% DOC = 1.5-2.5
mg-C/L ©]al F8F4% (Total Dissolved Nitrogen,
TDN)+= 0.1-0.2 mgN/L == C/N H] (b= 10-12

]3It} (Sharp et al., 2004). ©] F AAHd Aa N0y -N)
o] %+ 200—800 pM-N/L HEjolal ry ol A4
(NH,*N) ¢] 5= 5 xM-N/L o]&kit} o8 st DOC
9 DON %55 7IFo® Heks 749, 3+ W DOC &
40-54% =7 n|8EE0] WAZ (biomass) ©.& A
3k 4= 9lt} (Bj drnsen and Kuparinen, 1994; K hler
et al., 1994). Brelgfote] A5 vl 3dATE 0.38 %
B 9 ga AFEE 0.06—0.6 Og—C/L - day A&7}
Fk (K hler et al., 1994).

olg]gk SWOMS] A4 A /7
Organic Matter, POM), €&/71%&, 181 35 U vHF
W uE2HEZ (transparent exopolymeric particles,
TEP) 502 HEE oA A& 3to] dojdth= Zloltk
(Hung et al., 2003). 1714, TEP&+ €54 #7543}
A2V 4] FAA L AlES] At B deh
2 ggHE TAEY A9 (Alldredge et al.,, 2003;
Verdugo et al., 2004). o]2]gt 35~ Ul & 71248 &0l
pH 6—-8WH 1ol M=z S35 o] vl AJZE (<50 hrs)
ol JAHAd F7184E ni A E, o Z5ol& (Ca™)o]
A7 o] 8o 7 22317 "t (Chin et al., 1997; Hwang
et al.,, 2006). wehA, s ] 853 SWOMS TEP
T A e R s ol e s sl
H} (Passow, 2002).

|& (Particualte
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v A& o3| t3EA 0T FH|E = U714 (alginate) <=
T o|2AETt moldeE o|FHEE (electric
double layer) o] 5531 3712 yhlelo] 7hA x| o
Aol & 52 vk g9 pHYF AdTF & =
AsHE go] Ax7]4 whakeo] AX 1 1
A B3}, GOl £0) ol (Ca’
(complex) & FAdato] 48 A F
ol ¢71nke] B3l e
A (egg—box model) & WEo] F¥
AT}, SARE 22 o] 7} ko] 2Rl mh1u|gRo]
A7k B3 S /d8HA] ot kel
A=t Lee et al, 2006). F7182] B TR A}l
(protein) B9t o] 27t ARSFS T2a1 §99] pH
HETE A4 Qlgel| 93| 2 el def 2X|v
skt o] A g A 55 3] Yot TS
AIZITE SAIRE F 7HA] f7]E0] FAll EAE A
ARzl AlUA mdtE Faledo] A4 wol A
(Ang and Elimelech, 2007).

T O] AT, W pH, o7} ¢ol&2] EAl= SWOM
o & FYFHY FFHE RN Y A7 A RbEy
A2 AT R A A S A A RS RS A
o} wbd, W o] 278} =2 pH, o7} eolo] ¢l
A= SWOM 9] FH714 vhi=s o] & 52
7| ¢ 725 Yo R vhEo] Eo] Fhke ¢ 9l FkE

]
w0 FIeeo] Eolx|A "t (Hong et al., 1997).

¥

N mw
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24
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iy, o oo
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N}
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2
24
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(el

ol oy EOTL’ Y
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g Ao
R
Mr oX
Q2

).
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o rl‘orﬂ_’
001'/\_}11
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fo P il e
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NN
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oy
d

)

2> o

== A Wl 93 SWOMS] AAZES Z43 4
}, olgt oA o33} (dual—media filter) 9} 7FEZ ] o] 7=
E938k 22|48 SWOM st & W3lE Holx| Jsith
(Leparc et al., 2007). ol&] 7}A] Ea]2hs o] &8 49,
MF = SWOMe] Al7ell Moke g7 g1l UFeE NF
S ARES 9= 212 20.3% W 28,9%2] AAES B
t} (Shon et al., 2009). T3k FU3 Aglof|q A A (FeCly)
S o] &8 $4Y 9= 7] SWOMS] 28.3% A=E Al
Astelom, 2 e (Powder Activated Carbon,
PAC)& 712 FUe 45 46%7H] F2= At (Shon
et al,, 2009). ol 719 F AAY T SR
ZAAF O RZE SWOM AA7F vl oS HojFEt

4. A5H Fof| st &

I~

41, =0 o5t PA &4
A 71 ol B sl RO E2]ol] = (polyamide,
PA)Z 13 &A1 (thin film composite, TFC) 0.2 A]
Z2)EE  (polysulfone) AAA flellA  sdA|oly]

(metaphenylenediamine, MPD) w2} 913} Egju|=
(trimesoyl chloride, TMC) W& AW Sgikso =2
FRAIA THETE (Cadotte et al, 1980; Kwak, 2001). ©]
23t PARR F919] pH 4 (2~12) oA ARE 5= 9l
AAAEC] 99% ol ’doltt. AN PA AlY 2 A%A|
9 AbstAlel] ofsf A 7kmial Hvks HRE 7 A Sick
A9 A5 (Ct value) = 2542 5% (Concentration,
O 9} 9ZAIZF (exposure time, t) 2] FO 2 YeERYH ot
9= [ppm - min] %= [ppm - h] o]tk AP £319]
PA B A3 (pH 7) ©llA &~5-5°] 10,000 ppm - h
oo HGE wf vjuke] HEAQl AkskE wEE < QIS
©1 100,000 ppm - h ol k18] A3t Slet (Soice
et al,, 2004). 940 7] FUEEE AT ¥ A5 54
of whet wiglab] ArAe] 9 7P sk AelAl 2 3 %
5~10 mg/L. (Cle719) WHlola 1AZF AES] HFAIE
7HAtt [~10 ppm - hl. 35Es ERES] A9, AA
2] Tl T Al Y darss 9%
(continuously) %= 7+84 (intermittently) ©.% 3}4
o webd, 27] st ool duE #E Brhe 84
5] Yol oF 1 mg—Cly/LYEZ FUE} (Agus et al.,
2009). A|z3lell AAgt g sFEgs ZHES] A=
zpoped 249 (Sodium hypochlorite) & o} W %
(0.3 mg—ClyL)Z FYs7] wiel olF oA (dual
media filter) S 7% o]F JIFAL7F SHEA it
(Leparc et al., 2007). 3FAITH YNk o7 Axe] & &
RO 34 2o& FY=E dlrel= o= Jxo] FFda7t
EA3H o] & AAT] $18l SBS (NaHSO3) & A=
AMESHC} (Light et al., 1987). ojuf, oo} 22 3}shalS

ERIA

o N

™

= |
i X

(

HOCI + NaHSO, < NaCl+ H,S0, ()

el et ol Akt 8o 9lem o]= SBS
7AAE7] wito] AR t] W o] SBSE
FUsHA 2o AFALTF - RO FHoE A=A &
6 mg/L A% §& AaTt IS AL 5
mg—Cly/Le 27] 9aEEs J4e 5 e SBS 5
(7.5mg/L) & FYstd = Au F= (2.5 mg—Cly/L) Hel
Z3}%#] 23} (Light et al., 1987). 3FA|4l, SBSo| A4+
3l (biodegradable) 7} o] 2xF2Q1 w] YL uhe 1S Ay
A 7¥sAdol Qe ® HeF 918 sk o] 7
ARg-stofof gitt,
Fig. 2= PA 919] 14 9135403 A] AAIE 2 714 7hs
S HAYUFES HofFrh Afolli= N-H &S Clo] %
k= HkgolH, oli= 7teinkg-o 2 thA| el 7hssitt
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(Fig. 2a). tha> & 3A W] 3= 118] (ortho % para$l
2ol A gke]= v7teinkgolm @F AL (1)
1 FEo (Glater et al,
1994) 7}0:111]__0_ ) H] }o:hg_} EI_‘: _Q_OIJ/] pHoﬂ oﬂtsk_.
A om 53] =2 pH (= 9) K= W2 pH (= 4)ollA
Clell &J3t #gto] ] Wo] dojdt} (Kwon and Leckie,
2006a) RO 9}¢] Cl Z2dn]&o] S7lsH =, urEw o]

T30] T7¥eHA Elof mAE e o] webA FTtsH|
%E]- (Kwon and Leckie, 2006a, 2006b). o] &A4ke] Zx}
24 7oA, v pHelM = S8 AZF2el =
] N-H Ago] B-2w] 7] wiitol] Faprgo] whetba A
SRR, 352 pHellM= 27]ell ddue=e] B84 B3
el =gak] 218kl FEF (distortion) /-5 XHol7|
wjstel Fero] AA|A o2 S ES HolA €
o} (Kwon et al,, 2006). AF3hEg-ol thgh B the 7P 2=
opn| = A3t ((CONHH) o] ArpgoiAl|Z 2Hgo] 7hssh =z
Clo] 2138 o Ad g5l 7248 (deformation)
S doA o EAl 2]z (amidogen radical, - NHy)©]
23 (Fig. 2b) ¥ th= Aot} (Singh, 1994). 53] B
Z=Z2 (monochloramine, NH,CD) & ASAZ 918
739 27} Aol [ferrous iron, Fe(D ]} ¥H-&-3lo] A4
- NHzo] RO "ol -5 943] of AAES AshAAItt
(Gabelich et al., 2005).

[Orton Rearrangement]

Rever3|b|e

SEA|RE, koA oAl Aats} RES IR TR AbshkS
BRI} EAE 7% pefdllof Atk AN ES AR
S 79, A4EE 10 mg—Cly/LelA <] pH 7F w2
3 (pH =6) Hr} 23]y 2 39 (pH = 8)ollA &
F248H 24590t (Fig. 3). sHAw, 553}
3] *Wﬂ ol o2 7] wlzol], 25 A a4 k=

rr

}XH PA®} 418} WAL thato]
F93% o4 1}01 AAE] sl ZMECA o
0 Ttk AEEo g TAE i %
ARANE AAVES 1 2g-317] Aol vho] AbdE 11
slof #ck. ¢4, 89 pHe| Wt whE xpold At
(HOCD ¥ Ao} 22k (hypochlorite ion, OCI) £+2] 3}
g R Rl =N
HOCI+ H,0 < H,0" +OCI", pK, =7.6@20°C
2

2] 204 Bo), FAde] 21 (pH 7) oA HOCIO|
80%°1d EASHAI Y, pH7F 8ol do] =™ sz ¥ o] OCI

o]0 % vhth 1euE, $hE pHellA= HOCIO] ti+
Folglon), =& pHellA= OCI o] EXdol2 0z 2431
L=

T ORE AEARR O R Y] Eo] o= HA 45T

T H
Irreversible
Chlorlnatlon Chlorination
4—
—_—

NH

Fig. 2. Proposed chlorination reaction of polyamide (a) reversible and irreversible chlorination (Soice et al.,

chlorination (Singh, 1994).

Cl

+ oNH,

2003), (b) electrophillic
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Fig. 3. Membrane salt rejection as a function of chlorine exposure time for tapwater containing 10
mg/L chlorine at pH 6 and 8 (Light et al., 1987).
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9} FEZAIZD o] T AAAER 53
] 322 27] F5% (> 100 mg—Cly/L) 7} Fo1%]
Algto] Zdaste] et uj7ke] gkl ok v
o1 X-ray photoelectron spectroscopy
(XPS) 2 Sl A7} PA uFe] fan]Eo] 5718kt
(Kwon and Leckie, 2006a). A4 2721 4, 255
©] 500 ppm - h (= 50 ppm X 10h) =M 9 AAE
Asb wAsl7] A&t (Wu et al, 1996). 31k 217
9] sl retrsl ZWEA AEHFY A 27| dash
0.2~4 mg—Cly/L o] 118599 ¢ A5A =
AIZE & 1534 30+Ee]tt (Shams El Din et al., 1991;
Agus et al., 2009). durad oz Alet oA o139} (3 media
filtration) & 7FERA] o3} Ao AT 3 =
SBST F3HAIEA 7HESA] of3kE A ol F7EE 574
st} o] 39, 7FERA] dEE =& f7]E 2 Ak F-a)
= WA wHo] g2 wA7F HashH Hukh

Fu7, 2549 AEA7H(contact time) & PA Blo]
o5k 3] ZA)7F (exposure time) ¥H= TREH 3] ZA] 710
1 e A&EHA DG 100 h). o)gA W& 7] 94
L9} AAAIZE o] O3 PA B 42 T W ©AIZE
323 v w8l 2%5% (ct value)> EATE T2 2bsiH| 7
Hgo] 288 F St} &, 2 2S5 QlE 7Heeks
of o%k PARF 54 2] W7t dojd = o o]= e
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W2 T% (K25 mg—Cly/L) 2] FF A= A4 (T
) (ductility), A% @) (stiffness), B/ (i)
(resilience), 2% () (strength) 59 2% EAW
3= 43 Bt (Soice et al., 2004). 5~10 mg—Cly/L
AEe] W2 27] 9G4 FhollA] o A% AR (48 hrs)©]
Ay Zx 9 24 (FM) FAE (ntrinsic viscosity)
7} Wslatdth (Avolonitis et al., 1992). o]#3t A H&
I ZAH O A Falnd, A9 gt ZUNE
oA did=el &gk RO &4 T12]a1 o] 2 Qlgh Fal
Zo] 7 Foll thgh wAZE 2 ¢ lkar ol gk
AT Gopd dasEAel gt PARRS] keSS 9
Ast7] 5te] thale S22 (chloramines) & A%5AZ
ARSI | & SR A TR 22do] o] oA |
oA ol A& X3z AAolt} (Table 2). T
RO R, Hart A$ke= o= AF ((CONHY) =
W 717] B HUE 75 (pendant group) & o}
Fagel S wis PA-TFC 2H& Alxshs Zloltt
(Glater et al., 1994; Soice et al., 2003). Fig. 4= tjokat
Zejo & gakarze) what 71 K= B FNES-S S|
A 28k 1Al vlES R Zloth v el
(poly piperazine) = 94:-9}9] {hg-oll Ujido] Zebar v
o212} (nano—filtration, NF) o] o] ARg-#It}, gk, 3%
Hol 7HEH RO 2 AR A9 Fakrdo] Ade] 2
7] wiel] obH7bA] dAdell 85 Al7IA Zstal gtk
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Fig. 4. The reaction of polyamides with hypochlorous acid. (a) Ci: the amount of chlorine irreversibly reacted with
polyamides; (b) Cr: the amount of chlorine adsorbed reversibly on polyamides. (A) poly(e-capramide); (B)

poly(ethyleneisophthatamide);(C)
poly(m-phenyleneadipamide);(F)
Tamura, 1984).

(Soice et al., 2003). 2t 2% ROE o83t a3}
4] A 2E&S FIAIFI7] S8t A e dist
B2 7 A7 Has Aol

42. SWOMol| o5t &~= S AEZ (DBP) &M 7Hs4

oo st agellA] 1k AL 9l ol sl
U 714 (SWOM) °ll 9§t A5541H22 (disinfection
by—products, DBPs), E&|&Z g (Trihalomethanes,
THMs), &=Zo4gAt (Haloacetic acids, HAAs) 52 2
A 7FsAdolth o) dell Awg ukel ol sl e B2
f71EEe] 850l 9o o= ghejof Rz A|A7} of
2 AAoltk ol RIS A dFEraE ZUE]
A F HAAs 57H15 pg/l Ax% (A= 60 pg/ll)
=49t (Dalvi et al., 2000). -2yt A5, a4
G55t Al (pilot) ERENA A7) HAAsE 68 g/l
X MFE AR % 31 pg/L & 53%7} A4ER a1, RO
2 AElE A5, 6 ng/L nREe.E 80%°1/d<] AAE
& BHolTh (22475, 2009). o] 2 n]Fo] Padie] ojgt
HAAs % THMs A4 7142 Yol Bl skt sjl<=
Ulelli= 4332 B (~65 mg/L)o] EA8H, 94 &5
Al SWOM} §E8-31e] B2 R ¥ 5 (CHBrs) 52 242 b
4 Ag-=4o] B44 7FsAo] Atk (Shams El Din, et
al,. 1991). A= A5 v¢] DOC ¥ 55 Hugow
S 3A =9 85 ol 7182 (SWOM) o] ZolEA = a1,

poly(pxyly1eneterephthalamide); (D)

polytisophthaloyl  piperazine);

poly(rn—pheneyleneisophthalamide);  (E)
(G)poly(sebacoy! piperazine (Kawaguchi and

upeb] Hgo| o3 DBP A4S AAE 4 ik

AntA o 4 U fi7]=de] ey a5 9 9da
(dechlorination) H|ZF&ol that ols)7} F-=al 2 #%
M= AEA] - 2 &S Wol sh= ot} F
olli= Al AbslEo] w2 DBNPA (2,2—dibromo
—3—nitrilopropionamide) 53 72 &2 A=A 4
st APl lon dFe] dgoa AHA SR AME
2tk DBNPAE @44 0% 2-5 mg/l. §52 F9s
735 221 (TMP) 2 | zlo]5 Ho|A] Foront, v
AZF &<t 20 mg/L 9] FE&E %24 (shock) H3l=
RE A, wxto] 32% 3% ZF7HE vt (Majamaa et
al,, 2009). DBNPAT: B2 PAH &4-5 & Q3] 212
2 4eA o A7 FHsE A9 dold  ole
o) e o) 2912 5ol disle] £ o g 51
Ago] Fsltt,

Bl Erate]l 220]= ol 74A] AfAle| tiste] 242t
77 35S Table 20 g2t el &gt RO 9
EHAEE 9k3A)717] fJste] 228 (Chloramines) ©]
geto g HAEHZ|E il F2ele FU4F (humic
acid) I & WHS3IA] koM AE g I} Hojd o
2 g#A 9t} (Applegate et al., 1989). slx|9t HE%
T7F =8 a4y A BEnp 9 HZ35} DBPo|| tisle]
SHkEa JEet F4o] MaEojof & Aolt} (Ali and
Riley, 1989; Agus et al., 2009). & (05) 5! 4%
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Table 2. Pros and cons of various disinfectants in seawater desalination process (Adapted from Agus et al., 2009).

= AE A
|l S (7™ = x.’_;x—lg _

A2 (Ch coh marH (ks I5He2 e RO 2} A3}
02~4 mgClh/lL 52 F¢)

e Fol F3 2 M8 of2g

Z=22}2l(Chloramines) | e H|wW& 2 RO 2 Ats) e 52019 (Bromamines) & L SFEAMEZR
(DBPs) &4 7tsM
e JH|E
2E (&) o BH2 HIZID|Z2 Qs W2 RO o kst e HEA (BrO3-) MM Jts

e £S5 SA2H (DBPy) LA It

o FREOIA B0| ALS
eHfo|f Aot PHMMESl = (oyst) Fol

- o LotE&el ottt (chlorite) & Xtof
oltrsh 2£(CI0) 2 2H ZT\AFE( hi tE; NN THs
e R7I2FT 22 WSHE JND Yof | - COETES IS
S22 (DBPS) 2 THMs M4 |

HE717F 247] wiizell RO | 45 # 43} & = Stk .
o] glon Al SWOM=Ee] DBP A4do] ¢-e ¢t o] Ao g Segst 40 f/EE 2 s
Absl A (ClO) = oM ARge] Hs) ¥]ar glom, el Ao7les MEsy] e s Hed
Aol UAdS 7 mloly Al GAFES] xd (HEE) (biofouling) ol th3F 7]|=AF7F D slct ABEE Ao
(cysts) ol @dAoltt. oliksl A4hs ARSRS A9, JES = 24 T RO 2] A 249 AAY
BAE R 219441 (chlorate, ClOs ) B ofgdaated T4 SOl vHE 3 294 247 U otk mebA,
(chlorite, ClOz )¢ /3= 7% stct. dnba o= F91% AA el st 73 tEo] sAlel udS 7H|
Cl029] 60% =7} ClO; 183 10%78 57} ClO;” = 3 A& v AE v as A7 4= QA RO HhaEdS fds)
AEE= Aoz wuE<e} (Collivignarelli and Sorlini, © 712A77} yesofof & Fojt}
2004). EHA R 909 ClO.9F SWOM % BEo]&
Br7) #e] REgell gt stz F sk Aot ZALe 2
5. &% 1A o] =2 E YN0 FUEVE 1K T

3l ZUEAR] Y QA A PS wol A E &=
RO & ARgshe dleEasl ZUE Qlox A e 8t World Class University (WCU) X2 1249] &<dT-
o of B2 e A H| ] dF- 2] & vl

A8

Jt
ojr
2
i)
i
.%
s
(Id
y
>
)
10,
24
}‘)_('4
it

(polysulfone) olli= FA] P& w|X|K] 3}, sEAIRE PA 1. Agus, E., Voutchkov, N., and Sedlak, D. L. (2009)
[e]

2} 232 XA A Afe] o] A ele] atshitg o= S & Disinfection by—products and their potential
s

impact on the quality of water produced by
2, AA] TGN AAFA] & SWOM & & 47

=)

20T

= (o, TEP)o] ¥ ¥l A&Hoz §15A =9,
A8 750 A A2 (feed spacer) ol 35 Zoll ZA)

desalination systems: A literature review,
Desalination, 237, pp.214—237.

S 972 W u RS osle] 9oo] A} 2. Ali, M. Y., and Riley, P. (1989) The production of
(Vrouwenvelder et al., 2009). w&}A, Z=42] A} gl brominated methanes in desalination plants in
Aol gk oaig} iAol tisto] ko ® B2 ATV 87 Kuwait, Water Res., 23, 1099—1106, 1989.
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