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Summary

Nanofiltration(NF), reverse osmosis(RO), and hybrid system, which
was coupling ultrafiltration with adsorption, were demonstrated to
treat effects from the night soil treatment to high quality product.

The product water treated by NF, RO, and hybrid system respectively
could be within the reinforced basis of effluent qualities.
Especially RO system assured the production of quality water suitable
for recycling in the process feed-water supply.

The same night soil, the removal efficiencies of the hybrid system
for T-N, COD, and T-P except SS was low compare to these of NF and
RO. But it is expected that hybrid system is more economical in the
view of installation and operating cost.

The removal efficiencies for COD, T-N, T-P, SS, Cl°, and turbidity
were 71.5%, 53.2%, 96.0%, 100% 53.6%, and 83.3% by NF, and 95.1%,
96.9%, 99.5% 100%, 98.8%, and 92.4% by RO, respectively. The
removal efficiencies of COD, T-N, T-P, Cl° and turbidity and the
permeate flux were almost constant during 5~6 days.

The removal efficiencies of COD, SS, T-N, T-P, TOC, and turbidity
by UF were 13.3%, 100%, 18.5%, 18.0%, 21.3%, and 80.7% by
ultrafiltration, and 37.3%, 100%, 35.8%, 37.0%, 81.3% and 84.9% by
hybrid system.

The permeate fluxes of NF and RO membranes under the transmembrane
pressure difference of 1.57MPa were 29L/m’/hr ~ 54L/m’/hr and
18L/m*/hr ~ 20L/m’/hr, respectively. THe use of pretreatment process

increased the premeate flux.



The permeate flux of UF membrane at the transmembrane pressure
difference of 0.2MPa was 59.8L/m’’/hr at initial operation, and
decreased to 26.2L/m’/hr after 7 days. But it was restored to 99% of
initial flux by chemical cleaning of organic foulants.

The average value of SDI of the night soil was 4.67.
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oFo] Faret AAHERA] npd 4 e Zoletn
EA19} Tyt abglo] wj&ste st HSE 04 o, tf
B2 B EFAETL oA E 230 ol232 dch 1098 HA A7
7t} B Aol Asiglen, w3t £z Ul oln] 90diYE & ¥F37}
2 EFHI, 2& 2050d0l= & 7|23VIE A-YY 1Yol arh

199435 2] vete] | E 232 2999 tondld] Rt Hcf FF
5L 322.29 tono2A ¢ 7% FE AR Addort AR o=
B2 Bz dHato] wAsigTt. ¢og 109 HQ 200638 o) 48 dAtsd
< 349.99 tono® FAEI gloy, A F T AAF ALY FAHI}
ob7|H HOoZ o ATCTHAYY, 1996). olet T A RIS 3
A5zl 9l A Al W@ 22 AR PR gt 243l F
zto} F&AQl He|7t My ojol gt EI AR ¥efo] utel xpEAQ
£ 79 Al £AYY LEEA A At I Fnleal £
Bitoll wizt WAHOE tREE Zog, olF AP s AMEL
Brp a3 A 714y o] AF¥ AFolct

53], AF=Y Z¢ w24 AY At &3t U, A7 F7t
of Y A W A4 Autef whE F £8 FUIE d3 FEAY A5t
ko] o] Foiel uial Al FF Vo] doluta otk AFE oA
&5 & o4 wAare 199%6dE U ) oF 160, 000m’/day B A
o] sk2dl o 807t H¥sLe ZoE moF D gon, Tuf 67 Ex
A e AdoME 1d A Ex ¥ FHZ U UBFY 70% Fxof
sjtsts o 395 8n'/dayst MelH3 StHAFE, 1997). oJF ExAe
A F 47042 % 1250 /days AAREAHCE Aega och

grAle 7|Ee R 4 Fatwl4 Aldo] ARSI e 1A Ag
ARl B4 43 FHY HYeR JEAA dels YUY Fyolth
o] UL 1EE /714 dgol &I, HSEBY B FHAH,

i)
2
i‘
3]

¥



o &ejAY ¥ X, FipHFel Z¥, 3 Hel 9 KA By A
7 B AT A HIT 5o ol AMEE I qrh 2y ExAe
BReo] £l dapBaAye] £9log riA JHAME oL, 19999 14 1
dRE FARF I o) AW AF¥A ExAe WRSF £AUVE
(24 60mg/ £o]5}, F2l : 6mg/ £o]3}, BEH}AHALAQ JLEF © 30mg/
go]sl, AL Q T . S0mg/ £o]3}, FHEE . 30mg/ Lol AtE
T4 xto]7t glom, 53| 483ldo] wddstx] gL ATz ¥
Bl g3 FxAe] WRaIt AT FUFL Aedd AdeE AF
Ha e 943 EAREE 7R Aol URFY axAe| s} o] FojA o}
L1

Uag Yoz e e 3 F 94T (reverse osmosis, RO)
THL dUHLR 10AcUe MZAVE = WHFHE AHgSt 10~
60atm®] X2} H3tofA F2 £F & XY o]Ro|U} HEAEAHS
welshke wdelnt. iR 3L dRMAQ sHeAE FRLE2E A A
71 A& 4 3 77 " /7 B2 AAT et ALHsis A
2 gojEln olen, AlE, 343, HR{ mleAe] 8% oplst st W
ofj ] & %%"’F"ﬂ o] 2% AEX I glt}t. vt} (nanofiltration, NF) Z
BE AHYodME 52 FAAEES 7] 3] 2ol U= 2] 33
o2 £ 71FE AT Zrh Ukdates giFel 3tejozte] 3t
AePEgld ool A ExFE Zte B FE HLEM, go=
o]  FF &Ik FE3] ¥ Aotk ooz
(ultrafiltration, UF)= & Ae|tjat EZo] B2} BExolrg AT}
Lo o= ] &9 AFeto] ALY FAlE 4 Qo] Arjdeog e
Aol A 2Ho] shesta, ejtuto]l Zta Qe E AHFLE U F
Lol iAo g At uwletd ozt FH L Firet ezt F
Aol ulz] Au|e} 27] Fxp|7L Ao steAe|R R QEE, A
Az ge] ¥4 F vy 8o JidiE ok U s ¢
FANeR HEE ANy o, s Fol EXste tlF2 A2z ER
< ol o3 wiAIEA] i1, =] MFE T FiEHE FAAEL U2



olth. uwhebr #Zolle ghejodztol o3 wiA|EA] 42 w4+ Fo AHEA
229 A& 95l TYAIHEE FUA}) Y} T xEe ol2aR I
e 2YT £9] E3FH (hybrid process)oll Tyt A4lo] A 2F I Qe
o, ol chgt of-¢ 7]2AQl AF7} PR AUrHLlee T, 1997).
atebd 2 dFoH s ExAe] WRSE AL ¥ 2xAE A
A5 i A7 doz A AqYRANS ALY FxAe] YFTE A
2] thg o2 stod Leojzt 33, AT 33 9 TYoqte} Pt FA
o] TR Az utet M| E&X A axAe] Aa" Ay

o] 712 d+E sAUstalch

j\_}:ﬂ_
(o]



I1. 9

o

1. ExX2|E3

Exxelgdoze guzog /I Y, FEAINY, Aoy
ERESAAY, PAdehy, 3 ARy Fol dem, AFAol
2 2ol Bl oA 7HY wlo] o] &FH I it
AFRANL o] YRH LeEe FIIES 3743 vBESL o83t
Atz Bajalgie 3 2bgolA wd" &AE A IHS
13t 3YoEA 71&Y AelAldy del 2a AEHH A& st
+d4g 33}, ozt ¥ YRsle FP2E PP UrkFie
Azujol el ABAEe 2 ol ojn] 24H FAF2] BOD
3 YRR R71E0] nE ¥der HiHE 2 d
2rp gziatd oz Abstw|o} 00 HOZ2 ®a3lsEls B (A4abd )zt o
o ol AU E ol gste, mBo] FAHE AF(THAY)LE
o}, 3tH nAE FEIFAY tidER Hofsted 7HEA

¢

NS

2
Il

). 44

X
&2

o Hr M ]

—

o)
%7189 4 2% Y 5 RV WL AA Eie) Adst ol
Fold Q¥ 7484 R71B TYHE AP FHLEE o Fojlch
U GRS 23 ABUA Aol gyl WEel ARz
23 5ol FAYNAL W §24 A/1B
of 378l AsiEw, ARAelqE S ol ¢
ool ofatyalzulel 2 MSSEE(o 20,000me/L)e] flolel A7}
glon], 4t $3 FHFolA FeCl; B 771 SHA 23] phE 4~4.5
2 RAA717) fstel B ool £8n )& Thi FE 2717
botgol Hoz £0¥E BAZ low, FH 3 oA vy
zo) mgol ANotY A% 824 /1B HEI wob FHUY $ue]
348 "ol FAAY S0l BAY 4+ Athe TN, LAY 43

AHol WY 4 USE AAHI Uk



~—§ Injection PortJ

—1 Grit Chamber Randfilling

Pretreatment

Process —{_Sand Basin |

—1 Storage Tank
—{ Deodorization |

Liquid
Digestion Liquid
Process Digestion
Processing
Solid/Ligiud Flocculation
Separation E—
Proféds Sohd/qumd Sludge
Separation Treatment
Neutralization
—*I Sedimentationj
Discharge Filtration j
Process
Advanced
Treatment
Sterilization,
Discharge

Fig. 1. Flow sheet of liquid digestion method.



ute Ze|Eetd g o8] EF W Uy aBEEE Sl F
7N Al FYLE FElste Al 39 HdezAM FHM, g o] gy
22 FF F UYAE FIUYLE 3l F2|7]-2 Table 13} Zo] AHEE
£ 38 =Y AF I70o utet Bz}, T}, Lixeoj, HAF
2 FPEScKPrabhakar 5, 1996).

Ay b= 2atmoldte] 22 U¥slelA 500A0]de] MIIAINE e
C34 g Algste], F2 FRol=E QA AR, FWo| 5 £eld o]
gHct o] 2o Relaze EACT 2o FZ el dEHY A
7o &3ty zbe-Hch B oz 71 & EMe Y EHoA Y 2o
= EA AP s MIFE UTo2H FUoie] HE A
o2 AsAl7le d, ol & AASIAY BAIA LT FHEAZ
4 9ltH(Cakl, 1995 : Chang, 1995).

gt 0‘13’4--‘; 10atm o]3}e] Z2retd 3lollA 10A ~500A B=o] AlZ37]

g z7te tpRAd g ARRsto] Ex18F 300~300,000 A Ee] FEx 9 3
A B2 Felof o] &F3 gt dAFHI} FUAIPHe FULE 0]

Al ol Al Fol(steric hindrance) 9} AlZ Uil -2 HF ¥
Zte] mpatA{ o oJste] Fel& st uvEhdth greoizt FFo] 2 ELE
A Toke s, 2 oEd e F oy FobllA F&H drt
(Yeh, 1993 : &4, 1996).
Lo gAalEe} ghelojzte] AMepHele] FZhHIA APl 4
! & 2 oz Fe7lFe 9T gk Uk
Aol M 2 —"ﬁ:’q‘t%‘—% B F 3of oo thdt T AT}
3 QJtH(Tsuru, 1994 : Wang, 1995).
HEE 10ato o] 48] 22} ¢t stolA 10A e8] HIZA7E Ze o}
g A1L3tY 3 @ 5 FE AELA 2HE Lelshe Wyelth

373
4F(osmosis) Aol HEFLE Alolof] F31 A= & &ujrt s
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£o| golog oFste WALE v & §ule By Exido] Polx

g, 8uje] o]F2 FAE I £FA ghEe] ARy dAgRict olf
AT £ FHof TR ol AFE JIstA HE AR A= il
2 3%E 89 Fo guirt AsE &Y Fo2 HqF{sie= o]& 4t
% (reverse osmosis) ¥Atolg} Fth(Fig. 2). JAHFHUL LEHE Fa
HAY gt olvzl Exlgko] FL /7]E U aromatic hydrocarbon 52

2ejol= 1 0|8 sheAdel wTHu, 1996).

olg} e Lelttg ARY 4Mel AL olux FABoBA A
zabo] Fntsln 53 BAS VAR ol Z&FoE ¥ £ ot
ol 9lo] Table 13} Z& o2} M4 Hel THol o gl AEHIL oo
W, 2eug o8 4xe] A HWEL T} W3 vlaste] Table

2 off Utehfolct.

- 10 -
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uRalo] glo] F}d<&(permeate flux)ol ZAdhe WAL FETH
(concentration polarization)z} 2% (fouling)e]tt (Pradanos <&,
1993). Fig. 32} Zo] mtof 2ja) &Ao] wixsEd §do| LEHe ol
e BUAYS wasts o]2u I WAl A7z, & 3o 1
§EA xE FAEA So| wo] AFE ol njMF(pore)& ARIAIFIAU
AE2 7] Bl K25 UsAlA wele Patol dojdrt. ol &
Ag e @olel ch ol Lede] AL nAE MY T 43
& g g3Eo|tkYeh 5, 1993). &3jxo] Y F= U2 &
o] 5 2%, pH I o]2A|7lolth. EZ He @S QHAFAZL I Al
o Be|asta A3 atgol osfME dojdrh(Sedath 5, 1993).

Uhieoizt, ge)edzt 9 HatRe} Zo] dPaE FUYLR st YEL
2RoIN SEE3I3 ool ¥AHAE o, FAL, Je 4 ()H
Zo] Uehd 4 9lom, 7|4 ool i MY, Ris A (2)2h ol
Liehd 4 olch

I = A
M /l(Rm+ch+Rf)

1)

R; = R,+R,+R+R+R, )

o71M, 4P : gt ogvtel bz}
ko B9 Ex
Ra @ RN &4 HE
Re : B= ©F AHY
R - Al3oyol o3t MY
Ra © F2&of o3t A%

- 13 -



R. : cakeof] &J%t A&
R, : scaleof] 2J3F =&}
Ry : gel Zof &gt 23}

Fig. 4= Fad43 o2 71A] 2EAdxE Alo]d AAE Uehe A
o2 o7 7 AYgo] Hdte AE & 4 ArH=8&-F, 1989). &3 &
gotoll ] dAE A UollM o= HIAFHAM FRI&EE FFsA
AT P e Aoz FIPHAIRE, ok ol elE o o]} ¢

& 7Bl Rapd42 FUhshA] ddeth

53] utzte] Eeldsty Aol Ayt §oo] 232 S FIMIAA
FEEIe] Ug AfEol gRAFe] 44Tt FH3] dojuii, HEH|
o} &3 HAL ¥ el o3t e gdo] xeso] 22 4HE T AA
= o o] =FIUFo] FIEA| e A FAUAI(liniting permeate

flux) “Jefoll =e3tA HrhCheng, 1994).
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4. Y42 Hof

hode Fad&4E Al oo 8 gt He] A
22t B3 g, el A, X A% 4y 5o yshte ¢
LEE RY o] thdstn Bste, Al i B B4l wel 3
AR Ao WHE A stojof Rith

A e | Ao Wi vheat 2l

1) dAe

o] HEE U2 Foj7tx] el 4@ EAE nje AMA= wyo
ZA Ca(OH)z, FeCly W 1E2} YA 5 o] &% 7 AA, pH =3,
dAe], g3 VP Fof A F2 By @ FRE o} Fo] AR
s olon, god A FFof ulzl A Ao whyg YY)

2) o] 44

el EANNA AL HIAA LdS Aoy 4 gt Ayudy
EE Vo g 2} 32 t}F4 Y(porous membrane)e HAIFE [ =
2 S48 PR gedo] Bt MZEA dojun, HF A7) BRIl &
< e AU E Yo dS Hrl ¢ 24U 4 ol girHow 4
F3olHE 4444 hydrophobic membrane)BTH= 2142 u}(hydrophilic
membrane)& Agdh= Zo| REtA(FAHE 5, 1995), H3tE © FSo]
£ 242 Eelole Aste Algo] ged oo =& & 4 3t}

3) #RE W 2YGAT

Hode o B o] HAHY SEEIG AAALOTHN 2Y & Q=
d, 38 492 ¥2 422 2F U2 MuFol BUAY A4E 3A
AL W2 27 EYA(flux)E Ze HE AMRsld SEEIL 244
2 4 th. B B A PelE AW AUy =N AIGE

_17_



& 4 Utk

4) HF

A AElS] £Ho] By FU 3 Fof wEd U AF e 8E 2
gz sty JAF mE R HFHste wWyeolti(Mulder,
1991). akolld A2H wedd Aol Wizt Hasted AHgd £ alrh

(1) =833 MH
2gaty whwo] ojs] LEBAL AFslE wWHeEME AFAAN,
94%‘33 oled mizw wikg F24 o] AAE gl

) Z1AA AlA

Oversized sponge ballg o]&3ted 1t E& o] PHH LHELS A|
Hale wpolr), o] WS UHY EEOL A#Y EEle AEE 7

Solt A go] JHssith
7bab okab orzke], MAl =B 2 AFRAA 53 22 HUYAES

9soz i wysiel ALHLE o WHolME HuteiFel ot we
2wer ofUe} o}Eel BE W AHAIZ] o$ Fesich

_18-



5. 2= (module)

Gumet FAL BE 4 pndEE Ole goBE, o Aozt

TR0l ALEE Aol AW 4 ok wheld Ee] 3ol %
ol 8% £ QEE Axyy Wyt ddon o|FA g AUste] A
3}gt Hu]E 25 (module)ojzt ¥trt. Felwt 3ol AMEEHI e BRES
3}E 3% (plate-and-frame type), & (tubular type), WHF (spiral
wound type), @ ZZA}8(hollow fine fiber type)%2] 47F2] et ol
om, Table 3o 2zt RES BEAZ d|udte uvehfglchH(Bhattacharyya
5). olE 471#] Hele RE F R FFAE EEol ©e P
ot HAo] Yol A HollM 43122 wdt SUE Fof AA 3%

of %2 AHgElw lth,

2
o,
X
i

Ir
o
X
ﬂllo
-J
i
o
ri
X

o

ﬂ
09.
lo
r
sl

ro,
L}
ig
A Rt
)
)
Mz o
R
=
g

3 = = ARy el e A 7}76 é g A
oltt. o] REE sheet HERE H2H ut rfolof] F257t BE
thEd EAE AYsted shztelE FERAITIA FEFTE

spacer&} §7l 4 mo|Zof wold AY Fefo] element® TE
24 2z} 2t xjolof 9l spacer® FF47H B2, spacerofl 3l HF
7} £2Fo] v& E3o] H1 wHe] §4& FUSHA FAY 5 e F
Zo|tl, YUY BEL 2~6712] elementES €E3 ] ¥ £&7] o =¥
3tod Apgstm thel Rugh uh HAo] 33 BEWY Q¢do] HluF A
golLty] wfof 1966\ do] szt H ol F a4zt T s4 A3

of ZYA AH&E L slrh

349 BES %2 BAY Fel2 A2 o o)
21
=

fr o mx
=

o o o

lo fr ¥

T

}

¢

o X-&FT =
Fol otd87] ol Hol RYY JL=A, UHE F
Bl BAT JFEEZ AYEHE, HE FHT FasE R V1F3LE
o]7} 3t o Rolx|T H&4L fiber bundle £]F2} shell o] gl
L 27 Sl ¥E TEA Hrh o] EEY FF2 el B3Y |



A ulgo| ThE REo| ula} 7b¥ 27| wWRol compacty FAE RS
oot zteddo] wlnA doluy] U7 WEel £ 2

ofol HE& A Y5 Fol ¥R e FRHES AAN F= AAz
] 3

(1)

W = e wE dxj3t F ujo|Z
7hAH, o4& Bol7] ¢St 2

g
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AE A 2 Y
1. AT ZHY Lol BFo| ot 2= X2

AT A} o FHo A3 ExAe YFs A2E 218t
A2 3t AP A& Fig. 50 Uehlglen, e 2A dAA2 384 %
| %9 2 &A= stk
He] 22 Astazl st oigulse 54 W FAF oo we}
whlo] glon}, B odolM A A I U He& A
+ oe 4 3o 2REA, R7 9 77 EF Sl % =
%]

23}817] $)38td multi-media filter % activated carbon

M
y¥]

o X
o
¥
.Zi

1
o
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ol
o
>
flo mY
0O

lo

o
&
filter2 FAE o] ¢ltt. o7]o] A}8H multi-media filter= anthracite
(0.42mm x 0.8mm x 40cmH), Ze}(0.6mm x 1.8mm x 20cmH, 0.8mm x 1.7mm x
10cmH, 1.7mm x 3.3mm x 10cmH)&} 2pZH(13mm x 25mm x 15cmH, 25mm x 38mm
x 10coH) 208 FAxo oltt. AA 2] FFHol AMel F¥2 3l/mineE
2t AAlstelch

A 2 DAL ol gt Az FFolch oMo Az mE} T
& F3t7] gt L, Fas 9 &7 £YE XY £ U= #
Ae}t sampling tapE dx|stgct. 2 RES T Faed 55

= g AYstae BT 2a ARPRE BFERAAA Y =
stadch vheojat @ GAE RES YA} /Y F EEY A
28}7] ¢35t 7tz 1.57MPa(16Kg:/cn’) W 7L/minS 2 3133}
o, ABL AF(23+27T)ollA AHA|stAcl

B odo] AR AdAEube polyamide H32tel FT30 membrane (Film
TechA}, BW-2514 module) 24 A ZH|Atollq AHAIH o] HEFS] 3 2
4o 0. 78n°0|Th Uk 2pube TRISEPALY] TSI4Me2 f& w2 o4t
2utz Zosiy, A8 HRELS 2T LAY 2Eo|th

o ol ol

4

AN
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o
ol
Sk
o
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2 X mu e
hl
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fljo
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2. gtoloiatet BHEL o] 2YIHO 2B A=X2

gholojatel Gavt F2tog 4 FAAF ol A LA AEBA
£ Fig. 63 Zom, I 2vtAR FAdsielch

A 1 A= gYodztute] o3t Ae| FAolth Y= feed AN
i HZol osiM HREZ o]FAIIH, THFE T feed BAR &
et 4o EREAE AASY) 3 Az FHS A e
e wx|Ety] 9%t 5me] 7] FE& ZE Q& cartridge micro-filter
£ Agstidct. Faat ARze] ARH F A 2w Aol 23 BA
S EHUOT QAT §4OT olEHIL UmMAL feed PIL ThA A
FBHT) gheloizt REolA Y teatel G 7tz 0.24Pa(2. OKgr/cn’)
1 4 6L/ninS & ATl  gAsteAc B AFo] ApgdH  #He
polysul fone 2§ 2] E¥ 2 =}aF 50,000¢! 3+e]od 22(TriSep Co, U.S.A)o]
o, BESS L}f_“s" spiral wound type) 2.2 AHZHAtollA] AHAlH 2o

]
oo
2

A 2 TAE= %"é%oﬂ ozt FaAe] FHolrh g T3
Futstoll sy AT F&0R P FERH

ElS Eg Aeles A ge® d&53 o2 wj&dlact ¥
ofay ™ YTHL ol &stq WiF T2 WFB A4en,
22 97 10cm, F7 4mm, £o| 80cnE o] Foi o]
#e] HelE 2siA AT 255 AAY 4 AUSFE stk & A¥
£ LS At PRI Z A 14x30 mesho] H/JRHBLW, FYT4
)& thr] EE AME AHE3lod 14x30 mesho] AP A7|e] ARt 23
=8t ARESHAATH

BN
2
X
)

o ¥
‘{ﬂ ok of
_E‘ 1,

=N

B

B

2 > o Hr o™ oo o

[} 1
[0.9]
o
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o

w 2
-z
dg

b
L

AlZtoiet B&& shal, & A¥ES AA=2(251T)olA AAlst
. Y HE}es 7‘1’2}2011*1 %ﬁ“d"i 50mL/min®] 4=& 43

uhia] Axols A QM UE Adeisle HAHe oM A=

Mo
Ho
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A3l = A AMRSA HE LG EY FHof s FAZo] AHIH 4

7} qlth. ulebr olglgt Afole LAl o3 1 LEES AAY B8
7b k. MAEe F28 AT, edite], dAFY 2dEd,
25 el 5& 1fste] Mdistoio} Jirh

B dloME ExAIF UFSF Fo Excs LEEW, FAES
2 Az @ 5ol el & 2l {7]E AP (Posung Plant
Co., FCS-201, Korea)ol &J3t 3ty A& stgon, 1 Hate o3t
Zth 1) & B{s5o] tiste 2volxrt H=F AR U] Fdjich o
of, R 258 3BCTE FAAZch 2) AFAE 30E 5L «BA
71 ¥, 13217 Ax|A1Uch 3) thA] 30E ot AR AU F, 2
42 Alg3le] 3] FMTh 4) 2eEFod O FREEE FYSS
o B AF AFE moigich
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3. SDIHAE

4 EAL 0.5~1me A7|E zZHe dAE ZH dAinirt A
2 a3 o] M2 AT Ui ¢FH HEl2 & Fo FA/3te] &)

E Ul fouso]l &Y ol 2E A&IA =Y 7 Uzt A
stEo] AL Fof ME Aol doji} HedS YOoIA Hrh wety

=7F 5o B2 AA HFolM F/GHAU gL A
1) So] SAAE Yoo FETolTE A TU| ol eE FHAA thE,
Z1 thE 437 5 F3AA S 4AE A A Folof jrl
Zo|of o8t ute] 2o Jhs *é—% &3 YHoEE HE9 silt
density index (SDI)Zt& &Ash= ®o] aled], o] § SDI gto] To]
QARG o Este 242 BHslslo] 9lom, ASTM D4189o] ZFubyo] E
Zz3}x]o] olt}. &, SDIE 0.45me] MZ327]E Zi= membrane filtero]
A ¥ 4E 206.8KPa(30psig) ] ¥B, dFolM T A wief e o F
EE el 2424, 2 ATl shie F3E ¢l ¥A+= Fig. 73
zig )

H oAM= 0.45me] MEFZ71E 2= nembrane(HVLP, Milipore)&
A& T} A|H4E 206.8KPa(30psig)d] YA oA FAL o), &
7)ol 500mLe] AlE47 e 285 E AT Tigt AFAZHIGE) B
3} ¥ 5000LE st £8FHE ARE TE FE F, o Mg A
Atstaich

T

PI

SDI = —T{ﬂ (%)
o (3)
T
= T L %100
t

3714, Pl 206.8KPa(30psig)ollde] MIUY, T HAE AZH(E)
T Ag 500nLe] FH4E dedl ey Az Tre To B3 F 5000L9

23142 di=g "yt Aot}
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2 AT ARade] osf ExE Azt WFIe WHRTE A
7] thge s stgon, I3 A FEIHeHE& AESH] #dlo 2
AR BRE 3 £AY g HelY A& F e st

BExAe|ge] wRee) Eeigo] g3 AA 54 neshr] fistq £
Hate g sjeta At @ F3H(C0D), FREH(SS), FHL(TN), FUT-P),
@aol2(C)EE, AEE, pH, FH7IUA(TOC) U HE F22 34
th. & dFoAMe 3 8ol AASIATHZAFH,
1996). 53] CODwZkS 100CTolA 2AgzhatZEg A}%U}L Agex,
T-N2} T-PE 2bzh 21904 Zaey 9 oAz Ewial HUYL 01-8-5}@!
UV(HP, 84524, U. S. A)2 Z3slgen, ¢4 o3 pHe 4z CI
(Orion, 9617BN, U. S. A)z} pH A= (Orion, Model 8102, U. S. A)S A}
£35}o] ion meter(Orion, 9204, U. S. A)2 ZAstodrt =3t FH/7)5tL,
ele o Ax gl Zt7t Total Organic Carbon Analyzer(Rosemount Inc,
DC-180, Germany), E'SA|(HF Scientific, inc., DRT 100B, U. S. A) @
A7) A =& A (TOA Electronics Ltd, CM-14P, Japan)& Al&3lo] &334

ch.
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., 2z 4 23

1. &3 5 #4= (permeate flux)

o
_—

ox} W] o} eldte), Uhmol3tet @ GuFUe 4 Fap

48 ZA3}o] o|F Fig. 8ol Zz Uehfgon, dPat Mol thste &
2 2oL A og ZIslgrt. &4 (pure water)E thG 22 A
3t Z2Asle Afole ST ETol ¥ A3t} ool o3t Ay F
AFBg A(1)& ] ZeshHE A(4)9 2ol uehd 4 olri(Caridis
5, 1997)

=1 — i
Jv = 5 R (4)

m

A (4)3} Fig 89) AAel 71872 RE 78 weloizbul, Uheofzbu

odarmute] wbxate zbzh 1.53x10%n”, 6.07x10%n" = 2,08x10V'm 2 A

13.60f 2 o2 Uelyltl ole Mg FU|eo g vdstd Tt
> Upeodztut > odatgut o2 whige AV FAEES o 4 rh
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2.U4x=03 3L AT 23

) A2l &

) B3t A4 e e, F3L 9 FA

Multi-media filter(MMF)2} activated carbon filter(ACF)e] HAje] &
AE A2 F ol8 Ukroat A AR ZHoZ 7t A FlES o
o] 3} AtAQ FFH(COD), FHA(T-N) W FA(T-P)Y Ae|&I}E Fig.
9ofl Liehfedct.

COD= 39 24 FEE Lehys tfx3d i]i*‘] Ha 59 mat
s B, 32 87129 Absjo] o) AnjHE ia LERAR Zrolrh.
Lozt 38 B9, de(ExAeld H$R) De B 71.2wg/ &
o]l o™, multi-media filter2} activated carbon filter& =x}dlE AX
HA 67.2mg/ £ (MAHARE 5.7%) L 54.9mg/ L (A ARAE 18.4%) 2 A A3]
ZAEAR, Uz} 23S AR Fole XX mel tlh xlol:

out B 15.7ng/ £ 24 71.6%8] HAEZEZES Lehddct du4FE A
o] ZAfoll=, 2] COD 80.9mg/ £ olA HAe] F8E Az Fo Cod=
53.0mg/ £ 2 AMA3E| st ou}t AR IS A F b= HF
2.6mg/ £ 2A 95.1%2] AAXLEE LEhHACTh ol= H FHo o3 HA
HTEE AAEE o d4 Fo 96.8%2] CODYEo] HAEHE o 4 gt}
|2t FollA copY AHA F =& COD %):°i Uehd 4= e e 4
2t27], 4 9@ &3 Fxol wmel AA /57 Bl AFEHE Hoz
g oled, & HPCERH L 71.6%(Ltked} FH) W 95 1%(
A FA)ehks 0D AARE AZHE Unx] copydES Eve £
dte A2 f71EAE 2k

T-N8] Hfol& multi-media filter £} activated carbon filterolA:=
Aol AR ¢tor, T-PE ZLo|% activated carbon filterofjA] A2k
AAHE 2AE& AYsias dAAz] FFANE AY AAFA ¢dor), e
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oz 23 9 AT ZAHo o Zz H=™ Fo TN FIUS 44
38.5mg/ £ (M AX-E 53.2%) 4 3.9mg/ £ (A AXE 96.9%)019l3, T-P B
ZHe 242t 0.14mg/ £ (AAZE 96.0%) L 0. Olmg/ﬂ (RAZE 99.5%) 2 A
1999¢ 19 14¥E HLHE Exrz] UF S 71&x T-N, 60mg/ £ 32}
T-P, 8mg/ £ ©|3t2A £ 7|& —ri}ﬂ% A2 AEE & + odrh
5t3 Awadalla £(1994)S ®x) Aldst® datguial veojziubg Alg
3te] ¢REol2 UEE HEY AAd iyt AFLAJE UEL up ol
t}. o]59] Aol &FlA 4% YRFol2 iy AT L} ot
ato] HAZLS ztzt 19.7~32.9%, 0.0~25 0%2A ©j-$ stotorl, o=
= oxdo] o3t GAEY Yoo AAXEE 22 78.4~97.7%, 5.
9~94. 7%2 4 YREo|2HT} ml$ EA uelddch whebd iy 3
Uiodzt 23 T-N A AxLo] 247} 96.9% 3} 53.2x2h= AP AAZFYH
B A"y By wRs 9 4 4ES AY thfEel HgolA
U 2t Rt Bxjeo] & frALe FelE ExYS Y 4+ AUrh

) BE, ¥REY 9 40l

MME, ACF I ZtEa] RS 8l AXHEA g, E{FEASS) 9 €
£0]2(Cl") wXEol th¥t AAX}E Fig. 100] LIehfgich

ByAe|y BFESFY PREAS B 3 W /U8 FRES £
wAE oM URHE F7 9 {fU1E BRE 52 P, ol
g3 RREAL Auparo] AXz2 FHolM AA=HD, Felol 23 &
AAE S ¢ 4 AUrh

Cl” o] 22 TAMuE wE S5 FANIIER ANel+E 33 8§42
Qo] &3 Aol ClI° 0|29 AAE UsHog o™t AH A
of 93td 1 o] AAz FHAMNE ALY AAHA e, ot
HAo] % AAXLE BFHOZ 53 4% A Rog Yelton, o
b= 2AS A Cl o] e HAAZLL 98.9%2A Cl° o]2& ¥R/ v
g a=Azsten ool g4t Fo] ui¢ EAAUL & &+ sk
M, AAlg] ZAA COD, T-N, T-P @ ClI” o]2o] BEFHOZ ZII3t
S 2 AgolA 7 AEzo] o HEAA FA 2] FHoA 2 A

>

% 4 o

[¢]

l
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23 filter2 tap water® GMZTAE Syl od, o] dof o]E& ¢
a2 7] 2] B3 2t 7zt ©he] FEoM L AT Tl 22" 2
Aol BEA whato] o3 d¥re] thx UMW Zo= AHL, ol&

=]
=
Sk

M o2 2

QapHelo] YRR ol Azjel tht vlu 2 H2 FAFtA

T JHed Zlo2 wtidrct
Bl o] ALY pulti-media filter W activated carbon filter®] A
2] 24 AdE AXNEM MAMF] 2o, oz} W AHF F
Aol oJ3t HAZ o] 2tz 89.3% U 92.4%% nj¢ £ H&S e

=2

(3) pH & A=
HAAel 23 9 AdM4F FFE AHE AXEAM pH L IFEE
(conductivity)e] ®M3E Fig. 11o] Uehfdoen, 7+ 33& AXHA pH
= 2 3} gldoh AERE e 3o o4 EE Uehe geEA
7} Ao wiE AT WHIHEALL Cl o] AHAFALA mi¢ AR
& o g deH, o
zte} wl5=3t At Koz 9lrh wietd Cl7 o] && X o]y =3
< ¥R HSFE IE o

Fol uf¢ AARHUS 4 + Urh

(4) AARE

ozt 332 gats 23y AARES vlasty] $lste] ool A
¥ A}E EUE ol F Fig. 120 Yehidch uvxodzt 9 A5 FHo
2]t SSo} T-PY] AARZS BF ffeld 77k AAZES Uehiad
o}, o]l Hgt U AR Ho e 3 AAE 3
Ay of AT FHol Hrt ARAUS o 4 den, 53| T-N3} Cl° o]
2ol thet AR E] 2= A UELITH

olxe] ANEE FYUSIY & ul, Uk FF W AT FF A
HEA4AL BT 19999 14 14588 ABE o3 ExAeY WF
F 71&2& S ne @3 +£HE AMegn, 53] D, T-N, T-P,

-
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SS I ClI'e Hat®: 23 AANNSZTE 95%o|Ate] AAZII} glo], d4
T ZAE o83l ExAMF UFFE MY BF, FH &FEAM A
ol€H 4 AUg Axo P33 £AR IxHAE £ UFS & + Urh
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T-N(mg/L)

1

1

1

T-P(mg/L)

00
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N o
o LA f N N\
Influent MMF ACF MS
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20 anNF
00 ‘ QRO
80 Q
60 N \\
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Influent MMF ACF MS
6
5 “ Y aNF
4 \I}H ti! @mRo
| [ \ ’f; !
1
1 ;W N\ Mf —
0
Influent MMF MS

Fig. 9. Removal effects of COD, T-N and T-P by multi-media filter(MMF),
activated carbon filter(ACF) and membrane separation(MS).
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Fig. 10. Removal etfects of SS, CI” and turbidity by multi-media filer(MMF),

activated carbon filter(ACF) and membrane separation(MS).
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Variations of pH and conductivity by multi-media filer(MMF), activated

carbon filter(ACF) and membrane separation(MS).
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Fig. 12. Comparisons of removal efficiences between nanofiltration and

reverse 0osSmosis.

_39_



i 710

| -
L

o

A
T

g2t whgsto] ofy|d

=]
s

=

nfy

s

)
=

nfy

71

7ol g 3irt,

54
L

Azt RS F3td st

Z}
]

512 ot Ao tfdld Lo

o

2
S

®r

cob, T-N, T-P, Cl°

3 2AX D HFo] wpE

2]

|

o}
9 el AARS HE 22 Fig,

%O
Ho

u-
s

e

Ho
lﬂ»ﬂ

o

=4
L

o}

3

o
¥

A& 3t

Clark(1991)%} Veranique(1990)of 2]3} H]

2luhg ARE3)
ZZ0 Ayt

& AHejd B dAel 2 e 9FE A

=2
s

A 2] A3 FollA

140 Ltehfsict

|

T

13 2 Fig.

B2E AA 2l fFol BAgle] &I Use ut
ofgt At

ohe) Eo)zaby walo] A Qojux|
dAle 2o Aol i o me Yeg Uehim,

L
(S

j

L

o]

egiet.
HRgHA e A gl uis) AARES B,
R

Qe LAZZ el s
Aol 7h UAl ebeg o 4 lalth

1

a2

78] UERA]

=
35l =Y "art gt

o & FxAel

o]
T
L
-

)

FF54 Sbl groll oigt R A= ALEH

J

ol

o

2%
el
%3

v
B
=

—

}

olggt A&
4 A8}

=

=

Hol,

o

—

BE 33 TE(spiral wound module)?]

50|3}71 Hojof 3},
1004 1752] HelE vlaA &

T HREY V& R SDI IS =S Ay

.

= A7 A2y BRTE thg2R stof 539 ¥

Az} SDI FA A= HI 4.67F A,

2] SDI

A
T

-

2%

Fefoll mhet M2 thEd,

SDI

Sl

v}tz stet,

~

2 ATolA A1gR

_40_



£x]¢l 50]31e] el il gt

g, Uizt 233} AT 3R H5S B7BY fiMe R
2] A(quality)®wt oluiz}t F342] F(quantity)o] FLY 7]Eo] Hrl
Fig. 150]= Ax2|& AL3}A| A4S B¢, activated carbon filter?] A
Azlete A% 292 multi-media filter®} activated carbon filterd]
HA2|E BF H8¢ A9 A%o] thstol 5~6Ue] AN TmE ¥
el WEE  Uehhdch  uioizbute] EM&4L 29L/m’/he~
S4L/n/hro] 3, AtEutel EpM&e  18L/n’/hr ~20L/n’/hro 2Tt
Multi-media filter2} activated carbon filterd] AA 2§ BF LY
79 activated carbon filter2] HA2intE &3t AL AANE &
B2 ke ALY &ME FAANES At on, oyt Aol Lk
2} 2R vls) GarE FAoIA A Ueiktch ®E AAE BF &
stod WHEFE Al B$e FHUES Fig. 7o) vebd &2 FA
£33} vay o, 59 ol 44%~51%(tte zh) 9 20%~22%( HHF
uh) 7} ztastedeh oledt FAALY 74 WAL Hedd} EYEY F
of 8B BAU(FE o] 24 E)oll Ayt AT Frte] sllyt Zeg b
chElm, o zpate] JatRutrct wte do] A dojdg o 4 glrh
AU £ 23 BF A Fe) uld FdLe HEE AY WUs
o3 Ueh}, 2 Ay zAstA He@e x| FH3] dojut
3 FollE uf MA3] WS e wichHch

o (o
[J

SIS
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Removal Efficiency (%)

Removal Efticiency (%)

100 >
90
80
70
——
50
40 ——T1-P 1.79mg/L
30 —&8—-T-N : 88.92mg/L
) —&— Turbidity : 6.44NTU
20 —&- (| 1 317.08mg/L
10 —=—COD 1127 4mg/L
0 . ; : .
0 1 2 3 4 5 6
Operating Time {(day)
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Fig. 13. Removal efficiency variations by nanofiltration process during a
continuous operation (up : with pretreatment, down : without
pretreatment).
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Fig. 14. Removal efficiency variations by reverse osmosis process during a
continuous operation (up : with pretreatment, down : without
pretreatment).
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Fig. 15. Permeate flux variations during a continuous operation {up :
nanonfiltration, down : reverse osmosis).
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Fig. 17. Removal effects of COD and SS by ultrafiltration(UF) and
adsorption(AC) during a continuous operation.
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Fig. 18. Removal effects of T-N and T—P by ultrafiltration(UF) and
adsorption{AC) during a continuous operation.
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Fig. 19. Removal effects of TOC, and variations of absorbance by
ultrafiltration(UF) and adsorption(AC) during a continuous
operation.
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Fig. 20. Variation of turbidity and conductivity by ultrafiltration(UF)
and adsorption(AC) during a continuous operation.
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