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Abstract

The purpose of this study is to evaluate various pre-treatment methods and proprieties of water quality for wastewater reuse
using reverse osmosis (RO) processes. Secondary effluents were sampled from wastewater treatment plants and lab scale
pre-treatments and RO filtration test were conducted systematically. Specifically, different types of pre-treatments, such as
coagulation, microfiltration and ultrafiltration, were employed to evaluate the removal efficiency of particle and organic
matters which may affect the membrane fouling rate. RO process was later added to eliminate trace amounts of remaining
organic matters and salt from the raw water for wastewater reclamation. The permeate through the RO process satisfied
water quality regulations for industrial water uses. The experimental results showed that the initial fouling tendency differed
not only by the feed water properties but also by the membrane characteristics. Membrane fouling was greater for the
membranes with large surface roughness, regardless of the hydrophobicity and zeta potentials. Thus both careful
consideration of pre-treatment options and proper selection of RO membrane are of paramount importance for an efficient
operation of wastewater treatment.
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Fig. 2. Compression of water quality for various pretreatment processes.
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Fig. 2. Compression of water quality for various pretreatment processes (continued).

Table 1. Quality of secondary effluent from wastewater treat-
ment plant (B city)

Name Secondary effluent
pH 6.71
Amount Nitrite (mg/L) N.D.
Amount Nitrate (mg/L) 8.81
Amount Phosphate (mg/L) 0.75
CI" (mg/L) 355
T-N (mg/L) 9.8
T-P (mg/L) 0.6
BOD (mg/L) 6.42
COD (mglL) 8.0
Color (ptco) 20.0
Conductivity (us) 524
Turbidity (NTU) 0.93
Hardness (mg/L as CaCOs) 835
Alkalinity (mg/L as CaCOs) 472
TDS (mg/L) 305.5
TS (mglL) 310.0
TOC (mglL) 5.16

"No detection
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Table 2. Comparison of the recommendation standards for the discharged treated waste water, reclaimed water, reused water,
and the result of this study (mg/L)

Clause BOD CODwin SS TN TP Escherichia coli Remark
:rm 0 502/3'/3;@ <10 =40 <10 =20 <2 3000 eamL Eco"zgiﬁ)tol"idty
e;:iztm SO‘Jm”?/Zray <10 <40 <10 <40 <4 3000 ealmL Eco"zgiﬁ)ml’ddty
recl al;iti;d?/rv(;sto;Nater =10 <20 =2(NTU) g N?lggticwﬂon N, P ’\slt:\ndard
_Recommendalon s =e =0 =1 NSO niaion of ussge
ot I o v

' The Ministry of Environment (2009)
2The Ministry of Environment (2007)
"No standard provisions

Table 3. Fouling indexes (MFI and SDI) of various pretreat-
ment processes

Process SDlss MFI (JL9)
Feed (Secondary effluent) 19.32° 1405.0
Feed — 045 um 476 353
Feed — 045 ym — 0.05 um 3.14 252
Feed — Coag. 557 456.7
Feed — Coag. — 0.45 um 5.38 30.73
Feed — Coag. — 448 461

0.45 uym — 0.05 um

" Use SDIs value, SDIss was not measurable
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Fig. 4. LPRO membrane flux decline test (Feed water : Secon-
dary effluent from B wastewater treatment plant
treated by coagulation and 0.05 um filtration).
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Table 4. Dynamic contact angle measurements before and
after RO membranes were used

Corporation Contact angle
Before use (°) After use (°)
A 35.78 50.49 ©
B 3044 70.71 Fig. 6. AFM images of three LPRO membranes used showing
c 7051 60.69 significant differences in surface foughness. (8) A

membrane, (b) B membrane, (c) C membrane

THEM s=EEF SR FM26H A28, 2010



siexzls 2ol A8t RO BHo| BTy X Bow 295

20

— Clean Memibrane
10 4 =~ Fouled Membrane

Zeta Potential(mV)

-30 1

(a)

20

—@— Clean Membrane
10 4 —&— Fouled Membrane

Zeta pote:-ntial(mV)

(b)

—@- Clean Membrane
10 4 —& Fouled Membrane

=]

-10

potential(mV)

]
=
N

Zeta

¢

(c)

-40

Fig. 7. Zeta potential of LPRO membranes used. (a) A memb-
rane, (b) B membrane, (¢) C membrane

roughness7t =7 Yebsth wekA roughness7t & =L
g Bodol & dojd F Ste AL & F UAeH
o] roughness’t S5% 1 Alold] QEEZC] Fo T
Qo] & Ydojdti= Vrijenhoek 5(2001)9 AT-9 LA &}
ATk Fig. 69 AFM images 314 2™ 2 roughnesse]
apol2 & & e, Table 49} Fig. 7°1 Yehd Dynamic
contact angle”} zeta potential® #& EA At 9
WA vEbsT Ze o] AskA dold AS’Jr BAY =
2% itf%ﬂ 5 ‘ﬁ%ﬂ] o3 £4

A
2 A7 R4S %ﬂf‘lﬂ% =
W F7]1E0]917] W&ol contact angle
2 A7 AT Mol &S H
AoZ Uetston o] ¥

5 27} 9olLo] Hod
and Elimelech, 199D§ =
A4 Ui 1t 2Qa

st Aoleg f%t RO 29 HE&A H7HY
Z2EL U 2o
1) $RF33 045, 005 ymY filterS Al&sle] AR S
A 48 EZB0% ooy mAE(99%
N2 AAH Dot a3E BIAT o4
A& &37F ATk AT HAA
7% {7182 RO 33
&

24 A sA=

tlo of

Rt
i)
A=)
to Ho
N
o
lo
2,
X

24 2

o3 80~99%7F AAEO] FH
e

2) S3A gsiM pHU T-P, dkdinitys 23] Yobal

A, HFZAA FedE doIAY SAE F A

= TS ¥ TDSE %7189, SDIY MFIg 22 2o
d AFE A Jetuth oA $HAY FF 2 A
Ak %94 AAE 9 H4g s AAA A
FHgHzA W A7 F5EHes dad o=
woE

3) A9 Sg¥u ohlz % E?i S48 giAE T
d BEY Aol7t dEetuth Hedd M E 9FES
Hx HRHY 542 roughn%si vepron 9 39
¢ roughness’t & #dss o do] Z °’°1kl":} ot

2t4 roughness’t A4 Thedo] o] Jojd e uhy
el eHED 93iA dynamic contact angleo]} zeta
potentialgte] A WateE ALZE Vet

2 A7+ s38471E AT Aolgs f9 V=
E_.TLEJ]%:U_ A el AT A
g HAAFUh

248, dAE, o FF, aEE, 49, F&5(2006).
A}y stEAol g FAHANAN £E9 AAY T F
St AT, Y TESE X, 20(4), pp. 535-543.

9v71g, 4, A71E, oHd, AAE, FE(2004). &
7H°1%° A A F FHF Az gAY

(X e Fitsted o . gTEFI ], 18(3), pp.
377-384.

$2 2, ¢HFE(1997). 5 A g Aol &S fT A=A
2A Ao ZHY H& FI AF. HFEEIFF
3] ], 17(5), pp. 493-501.

FE, AH, BSF, AR, FEH, AP, AT,
Zubdr ANMGI2009. G52} A S Al 82 H3 A
R FG AEVRAN2EY Y5Pt FPFER

Journal of Korean Society on Water Quality, Vol. 26, No. 2, 2010



296 718 - olyel - LMD - RHE -

WHF - olsd - BSE

2], 17(4), pp. 543-549.

SHAIS, ol dd, B4, &, T5H(2006). stEAE T
Aol &elA FEoHge] god TAE s AA
30 BT AT, FE FA PRI =EF, FTE
7453 - et =33, pp. 189-194.

A, 2359, FLA, 48, 93, $714(199). 13
=] 349 Ao)LS 93t PP st o H L
T AT, g ereE &85 4], 20(5), pp. 665-674.

ol 8T, AFY, HFA(2007). FFAHAF FRF A&
A AFAAR7|(PCR/RO A&l #F AT(). &
FAGedEs] =2y, AFESA I ALt rEs

{

ol S, £37], £04, &5, ZYA(2005). st 23+ A
g+ hybrid %;S -UF 28 3389 F

, 5, GdY, A8+, AAH(2005). FA
AtEHE o] &% St 23 AT EY Aol g
E33] 4], 19(1), pp. 47-52.

dAE EAYSAHF(2007). Al 5115 sFEABEF Aol

AFH (2009) FEH AlFFE.
APHA, AWWA, WEF (1995). Sandard Methods for the Exa-

2AHN SREEAESA| M2 X235, 2010

mination of Water and Wastewater. In: Andrew, D., Eaton,
Lenore, S, Clesceri, Arnold, E. (eds), 19th edition.

Hong, S. and Elimelech, M. (1997). Chemical and physica
aspects of natural organic matter (NOM) fouling of nanofil-
tration membranes. Journal of Membrane Science, 132, pp.
159-181.

Kim, I. C, Ka Y. H.,, Park, J. Y. and Lee, K. H. (2004).
Preparation of fouling resistant nanofiltration and reverse
osmosis membrane and their use for dyeing wastewater
effluent. Ind. Eng. Chem,, 10(1), pp. 115-121.

Nabe, A., Staude, E., and Belfort, G. (1997). Surface modi-
fication of polysulfone ultrafiltration membrane and fouling
by BSA solutions. Journal of Membrane Science, 133, pp.
57-72.

Swietlik, J. and Sikorska, E. (2004). Application of fluorescence
spectroscopy in the studies of nature organic matter frac-
tions reactivity with chlorine dioxcide and ozone. Water
Research, 38(17), pp. 9791-3799.

Vrijenhoek, E. M., Hong, S., and Elimelech, M. (2001). Influent
of membrane surface properties on initial rate of colloidal
fouling of reverse osmosis and nanofiltration membranes.
Journal of Membrane Science, 188, pp. 115-128.



