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Advanced Water Treatment of High Turbidity Source by Hybrid Process of Photocatalyst and
Ceramic Microfiltration: Effect of Organic Materials in Water-back-flushing
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AT E 8 Y Aty AdodFet o Fe 45F o BE UF Ato]9 Fhel FEv|
FZuj= PP (polypropylene) T(bead)ol TiO, &g Zat=n} 3822 (chemical va-
2 It A4 45 5 AAd F71ENOMT HA F7] 4AHE giAsy] 98, FYat
(humic acid)¥ 7H& ¥ (kaolin) ZAHEN-S Aoz st EAFTHAAM Beds HA4357 &) 108 F/12 102 5
oF & dA AL APEAt FYAE 10 mg/LEE 2 mgLE WA 7] wgt, o 23 HaRyol Zasa 7t &
7k 2 mg/Lol A 7HE w2 SAHRI(ViE EAH. HE B UVesyy F859 A2EE82 217 98.5% B 85.7% ©]4]
At MF ¥4 % MF + TiO, ¥4, MF + TiO, + UV 49| Troja} 2 FZHu] 2, Fitste] A £&5 gotE 24,
B F23 Faslel o3 Bre AY AEHA Fkou, FEu FF 9 Fa4dste g FYAL Ay 2&2 44
10.7, 8.6% ©]7ol Aot

Abstract: For advanced drinking water treatment of high turbidity water, we used the hybrid module that was composed
of photocatalyst packing between outside of tubular ceramic microfiltration membrane and membrane module inside.
Photocatalyst was PP (polypropylene) bead coated TiO, powder by CVD (chemical vapor deposition) process. Instead of
natural organic matters (NOM) and fine inorganic particles in natural water source, modified solution was prepared with hu-
mic acid and kaolin. Water-back-flushing of 10 sec was performed per every period of 10 min to minimize membrane
fouling. Resistance of membrane fouling (Rf) decreased and J increased as concentration of humic acid changed from 10
mg/L to 2 mg/L, and finally the highest total permeate volume (Vr) could be obtained at 2 mg/L. Then, treatment efficien-
cies of turbidity and UVas; absorbance were above 98.5% and 85.7%, respectively. As results of treatment portions by mem-
brane filtration, photocatalyst adsorption, and photo-oxidation in MF, MF + TiO,, and MF + TiO, + UV processes, turbidity
was treated little by photocatalyst adsorption, and photo-oxidation. However, treatment portions of humic acid by adsorption
and photo-oxidation were above 10.7 and 8.6%, respectively.
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a4 A oh6]. Y=o IH(NF, nanofiltration)} &4HF
(RO, reverse osmosis)E ©]&3td NOM2| A&7} 7}
584 9H7.8], NF @ RO 3AHL & oA &4
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Table 1. Specification of Ceramic Membrane Used in This

Study
Membrane HCMT-7231

Pore size (um) 0.1

No. of channels 1
Outer diameter (mm) 10
Inner diameter (mm) 8
Length (mm) 251
Surface area (sz) 63.1

@ -alumina coating on

Material .
a -alumina support

Company Nano Pore Materials (Korea)

F, % AMH A F7]¢] %%k 713 F71&

3 A}27-29]5 wE3

%%HHQ} 1% Ea‘au T4 FA EH%J AT
A

o
of
0%k
3

11‘,_1

Aeke & EM J*»Z—UHA ERT 4°ﬂ g d+e =
744 W&o #Ao] ¢1th 1. R. Bellobono S[30]
o] A3} B B} F (titanium  dioxide)S 113343 29t
NAE FEHuE AgS A5 9 #@5 A FAol
F7189 148t 9 FEso) tiE] A3
R. Molinari 5[31]2 % 7] LEEZLY Zal& 9
3 FEw Fele whgr)e oA 55 FEol tisto
Hustgth =3, R. Molinari $[32]2 #8715 A
gt Af 9 A, A A AEHI e

7140 A5 Fialol thaf

2 M orlo rlo

iz

Azrague 5[33]< BTVt e FEFY &
< % 3K(mineralisation)s}”] 9|g &gt FA3} 33}t
nHer71E 2% £99 F9¥-E7I(MPR, membrane

photoreactor)Z A ¢+atAth. FZoll= M. Pidou S[34]
o] 7% Aelg Belva 2R B2} WL A
oo @ Ao thate] AFATH

B ATAAE 72d A4 AP Auds g
Fxujol EHFHAM F7128 B GMHE A E
A B Aol A ALERIE 3 4T
7/\ olgt AAE = FYth(humic acid) 3
%é°l 748 (kaolin) 0.2 TAE BA}
+7§fr?<1€] a5t ]a}
29 FEE YYA 29T F F
AA 7VEA 1= XA quJro]
AAE 9Fe ARt B, A9

[AR=1
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Fig. 1. Apparatus of advanced water treatment system us-
ing hybrid module of photocatalyst and ceramic micro-
filtration with periodic water-back-flushing.

H 24 glol FE0N YT 3% AYeln a0
2 AERFAHET B9 idAs A W
€ nasd, & 4 FANA BEool 3 §3 0
a3, holzhel 4o el FRSHG,

2. M Rz o Wy

2.1, 48 Wz % FA

2.1.1. MEte 222 % ZEol

2 AT ST B
7231)&
2 A4 ¢-alumina® ¥

Alete 8o HEHHCMT-
3 (tubular type)>-Z @ -alumina A A 5ol 2

g Zloln, Y] gaA

FEolA FLsHT Felwe] F#7]EA7]E 0.1 um
o|i, FEYHAL 63.1 cm’©|T}. Table 1oﬂh By
oA A4 #F Aty FLogte AU A
At

FEve Zdd dF”[B5]0) A S2k2n vk
(rotating plaza reactor)olA 4~6 mm A7 PP
(polypropylene) T-(bead)ll TiO, &< b=} 83}
%2k (chemical vapor deposition, CVD) 3422 ¥
o AL AFESA I, 34 254 nm2] UV lamp (G8TS/S,
Sankyo, Japan) 8 W 7 /| & &9 & 9F 44X
st

AHE-3FATH27].
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Table 2. Effect of Humic Acid Concentration on Filtration Factors for HCMT-7231

Experimental condition

Filtration factors

Kaolin  Humic acid Jo x 10° Rn % 107 Rpgo x 107 Jigo x 10° Ry, x 107 Vr
(mg/L) (mg/L) (L/m’hr) (kg/m’s) (kg/m’s) (L/m’hr) (kg/m’s) L)
2 1431 0.432 0.498 674 0.012 14.19

4 1344 0.439 1.664 297 0.034 8.84

30 6 1424 0.431 3.996 143 0.015 4.61
8 1479 0.400 4.706 124 0.029 3.74

10 1269 0.428 4.866 118 0.073 331

Table 3. Water Quality and Rejection Rate of Turbidity in the Experiments Using Hybrid Module of HCMT-7231 and TiO,

for Effect of Humic Acid Concentration

Experimental condition

Turbidity (NTU)

Average treatment

Kaolin Humic acid Feed water Treated water efficiency
(mg/L) (mg/L) Range Average Range Average (%)
2 34.8~37.6 36.2 0.243~0.356 0.283 99.2
4 32.8~35.9 34.1 0.301~0.563 0.379 98.9
30 6 26.7~33.6 29.6 0.340~0.950 0.588 98.0
8 34.1~373 35.8 0.320~0.630 0.476 98.7
10 35.0~36.4 35.7 0.320~0.670 0.553 98.5

Sigma-Aldrich)?  F94Hhumic acid sodium salt,
Aldrich) @4&FS SHT 5o, 7hede

mg/LE 1783t FUie] FEE 2, 4, 6, 8, 10 mg/L
& 747} Azsto] A&

TEE 30

2 ’I 3 AI%—{XI-il

Fig. 10 & A& AL&3t A A5 E(cross-flow) o
Ao Az dAHe] THed AP FAE
Yetgilth 85 9 && 718 A& Hstod, Al
9 2293} 2 E(module) Abolol TiO, BTHe Zg=
nh 38t5E AR FYAZ 4~6 mm 7| PP
(polypropylene) 7= A ¢ sh}e] BRE Feh= 45t
Aok =3 A Eg% Tio, I PPTE 54¢
AeE, PP A7|HY 84 e F4e 2EE 10
mesh 3719 B AA¢ ZE E7& T4, 4=
T Y] PPV AEFY #EE FAHE AS WA
AT UV FXZE BE 3o AAste, A@st
Qb A& ZAFSEA T

(=]

rr
of

o RE U 38 29 9 Apold] 40 gL
TEE TiO, AR TE AT ¥, % BE 4@ 2
TS, T, GARRS ddstt. FEE A 10

Lo BARENS 93, F2537](Model 1146, VWR,
US.A)E o838t Fasel 255 dAsA FA3t
0:11;]. utzs]. .:_:Legﬂ ]‘E =

E WA, Fe57t #4848 dHE AT 7 U=
H X (procon, Standex Co., U.S.A.)
2RE % BE Q02 YN,
FA(NP-127, Tokyo Keiso, Japan)E ©]&

tof 2Aad. o wEdAY §37 dEe P
893} ¥25 gele] WuE 2ol AR 3
Ak =, Azt ot REue) oa) Add S

o] ByjE HAA L(Ohaus, US.A)E FAE ZA 5o
EgA &S Aaksld

I AEF HAH A 2EE Yste] B3
MHzY g wjETet GAH59

= oA
= =
25 W FYFol 47 &dxol= WH(solenoid valve:

CKD, Japan)E AAstHT) Egh, 4&g A Ho] o
Fold & QEE dAd T o Uiy 4g s ¢+
7] 98t B RE9 $-3]Fo] &Y ol WEHE A
stof, dAHA FETe I EE WE IEEHA &2

54 stat. ol oA

atuke] AlZE Ao Al (twin
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Table 4. Water Quality and Rejection Rate of UVass Absorbance in the Experiments Using Hybrid Module of HCMT-7231

and TiO, for Effect of Humic Acid Concentration

Experimental condition

UV254 absorbance (cm™)

Average treatment

Kaolin Humic acid Feed water Treated water efficiency
(mg/L) (mg/L) Range Average Range Average 8)
2 0.019~0.040 0.026 0.003~0.026 0.003 85.7
4 0.061~0.090 0.076 0.002~0.007 0.004 95.5
30 6 0.107~0.141 0.123 0.001~0.012 0.004 96.7
8 0.145~0.177 0.158 0.003~0.006 0.005 97.0
10 0.188~0.224 0.204 0.005~0.010 0.007 96.9

timer: OMRON, Japan)oll 972 F2-xjo] WH9] 7 -
H7F A dojud, GHHA HEldes AT
g o) o RE9 stHEE Tt A Ho] 53
HAh27].

2. 2
B ATl e 88 Aty 4 E o 32HHCMT-7231)
9 BEn THZAHNA §7)EDo] godd 7=
FIFes AR A8, 1LY TEE 30 mg/LE 44
A st FYste BEE 2, 4, 6, 8, 10 mg/LE #3}
23l TiO, Z¥ PP+ 40 gLE FH3%
o 9] A 180% AAFstE T AA EHAIRE
e e tigk AFRy) 2 FAAEQ), FALS)
g BAAEUI), FTARTI (VY HSE RS
S, 5 2 9 P, Ao Ae &

Nl

(TMP)= 1.80 bar, & SAIH <t

F2 1.0 L/min, 3559 25€ 2

A stgon, o)A HAd AFA27-29]9 FLS =

Aoltt, w3 o ds Hastelr] Ystol, B G4 H
102 & AAsa.

(

tjo
=
P
=X
N
=
£ to

magel, Al 21 @ A 1 %, 2011

SUEF S8 247

19 % 342 E HIARL
AT A2 2494 2As) Al AFE A
N e mEC HAT F, 14 FREE Y &4
saA Eage Zgsel Be Ay 0%elRE gl

FHEES 5% 95 2 §F 471849 A

2 £F EY AEE ASHE UVey TRET
UV spectrophotometer (Genesys 10 UV, Thermo, U.S.A.)
ol-g3ste] sttt IRIH O E el EX)
& 7129 de A WY T SR
AREE T UVey 5829 doE A
HHolth UVesy S8 55 A9 A (ultraviolet) I}
7 200~400 nm AtolollM HEHE U= WEFS &
A (aromatic substance), E3X3A| W< &2 (unsaturated
aliphatic compound), Z3AHE =&
phatic compound)®} HAfF7IEQA FY
substance) 5°] FE& o|ET} oJAES &
&

4% 727 dE 2452

ok g ok
flr = rr

71 &4(DOC, Dissolved Organic Carbon)
2 Aga7loll asbA ol a bk S 0|t} 36,37].
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Table 5. Water Quality and Rejection Rate of Turbidity in the Experiments Using Hybrid Module of HCMT-7231 and TiO,
for Effect of Microfiltration, Adsorption, and Photo-oxidation at Humic Acid 4 mg/L

Experimental condition

Turbidity (NTU)

Average treatment

Humic acid Feed water Treated water efficiency
Process (%)
(mg/L) Range Average Range Average
MF + TiO; + UV 32.8~35.9 34.1 0.301~0.563 0.379 98.9
4 MF + TiO, 33.6~34.6 34.1 0.400~0.859 0.562 98.4
MF 28.8~31.9 30.7 0.293~0.391 0.330 98.9

Table 6. Water Quality and Rejection Rate of UV,sy Absorbance in the Experiments Using Hybrid Module of HCMT-7231
and TiO, for Effect of Microfiltration, Adsorption, and Photo-oxidation at Humic acid 4 mg/L

Experimental condition

UVass absorbance (cm‘l)

Average treatment

Humic acid Feed water Treated water efficiency
Process o

(mg/L) Range Average Range Average (%)

MF + TiO, + UV 0.061~0.090 0.076 0.002~0.007 0.004 95.5

4 MF + TiO, 0.056~0.093 0.072 0.005~0.033 0.014 82.7

MF 0.049~0.101 0.073 0.008 ~0.042 0.027 72.0
6.0 FEA171 S8k, = FAAE F7] 1020t A A

Humic acid (masL) HCMT 7231
—y AZE 102 & F71A 02 AAST 3, G5
| e of o% BAAE S8, % ZE 95l UV A 2
Taol .o & ddsiel UvE g, a3 e
g o b elBelA F, e @ ABR), FIULQ)
230 BT: 10 sec gl R BIAEU) PAE G Lot
< ™™P: 18 bar Stk olel# ARAAZE A o34 G 2D (Resi-
2.0 TiozZ: 4dgA- stance-in-series model)[38]% o] &3t A3 A A
o HM/I 2719 W2 Aetgit.

. e 289 F FU4 BEC GE $AAL U R
0.0 . ] of @3l Fig. 20 JERASlTh 1 A, Fig. 2014 1
°© % e e 120 150 180t oo} go| FYel B/} 10 mgLolA 2 myLe
Fig. 2. Effect of humic acid concentration on resistance of wOHATE, AL W2 Rt AL, S,
megar.nb;ane fouling in hybrid process of photocatalyst and FEt FE27F 6 mgLoA 4 mgLE RS W, 7
ceramic microfiltration with periodic water-back-flushing. A 2 F0F Ryt ZAsATh B, FU w27
oM 180% A ¥ HF Regkol A4 FY
3. Zn % nF A EEF2 mgLe Afoe vE 2ddMED &4
27158 BE A & Ree 7P Sokth ojgE 2
3.1. §I|18 5o AE HERH FUAY $E7F FoldSE wRES A
s}Zv) o} 464 Aty Ado o] £4F3A A g ool Aws Srtske A & g AT o™
NEA BTy} nAEe 4GS AR 95te, ZA & Ades 7714 B RS AAstEA Agy gl
99 J71ed TEE 30 myLE YA FASL ool gAY EATAHOR FYT A ATA A 29
Foate 52 2~10 mg/LE HA T E=I EA o} dXste Zolth. ¢, BE A 4 27]9
TAHANAM HAsE BHoeds HAigsly ERHAES e e S AP on, LHAT] A 7ol
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Table 7. Water Quality and Rejection Rate of Turbidity in the Experiments Using Hybrid Module of HCMT-7231 and TiO,
for Effect of Microfiltration, Adsorption, and Photo-oxidation at Humic acid 6 mg/L

Experimental condition

Turbidity (NTU)

Average treatment

Humic acid Feed water Treated water efficiency
Process (%)
(mg/L) Range Average Range Average
MF + TiO, + UV 26.7~33.6 0.340~0.948 0.588 98.1
6 MF + TiO, 31.5~33.6 0.662~0.987 0.813 97.6
MF 31.4~37.6 1.231~1.632 1.472 95.9
1600 Humic acid (ma/L) 1.000
Kaoclin: 30 mg/l umic acid (ma/L Kaolin: 30 mg/L Humic acid (ma/L)
1400 BT: 10 sec - 0,900 BT: 10 sec s
FT: 10 min -4 FT: 10 min
. 0,200 -
1200 TMP: 1.8 bar i TMP: 1.8 bar +4
.3 0.700 TiO2: 40 g/ 6
E1 *10 0.600 el
E - =10
< 0.500 \0—0——.—___,,__'__4
% 3 _ '
-] 0,400
w
0,300
0,200
0.100 HOMT 723
HCMT 7231 0.000 '
- 0 30 60 a0 120 150 180
o 30 &0 ﬂm?!u(min} 120 150 180 Time (min)

Fig. 3. Effect of humic acid concentration on permeate flux
in hybrid process of photocatalyst and ceramic micro-
filtration with periodic water-back-flushing.

uet Ree FY4 B5 2~6 mg/Lel S 90% o] %
HE A dAA A= A4S UEblh 2,
FrElAk =71 8 mg/L o]l ol 1808 % F
#3] Rt F7Fak T

Fig. 3ell& FE4t 5 wisgld 2 EfRXLe] W
35 etk FE4te] $ 57 10 mg/LAlA 2 my/L
2 Zagd mel, ool MAs o] FRdL
of &ukelAl A Iigol SIS A=, % d
2] T 2 mg/LY wf

l

Jleol HA= Y-S Fig 49 A7t
o 1 A3, £344S JER Fig. 33 A9 948
T FHE, FYd w27 wobged weh AR
nE el dae 49 EFH0, ¥ 5L WL.E

AEgel, A 21 A A1 E, 2011

Fig. 4. Effect of humic acid concentration on dimensionless
permeate flux in hybrid process of photocatalyst and ce-
ramic microfiltration with periodic water-back-flushing.

d =7 4 mgLelA 2 myLE
t&i}/\l%}% R J/Jo—t— 7}72} 2 ZES YT, 2 mel
é Jo"L:_' Pq'l"‘}b:} OE]}\]_'_'_

Table 2+ "Y‘ﬂ/\}«]
(Jo), T AA 9 X%P(Rm) 180+ % A % g
(Reigo), 180% 3 & FEHRHE(1g), 4
A& (Rp), 18 FoZET(V)ell st 754 e
Aot} Table 204 E& uvie} o], J, & =
Ao YA FS velulz ok 3, %‘%El
7} 7Hd B 2 mgL 9 AEHE A5l Reso
2 0498 x 10° kg/m’ * sE 7HF 2o ™, Ji S 674
L/m’ - he2 718 A4 dehd, 7b3 22 Vgl 141.90
LE ¥4& & A9t o8 Axz B o), Fujity
& A F71E] Ay Adde FE XY
AL o] &3 AFAYAN Hogs Yo T8 8

Or_|>_~,
o
ol
f
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Table 8. Water Quality and Rejection Rate of UVass Absorbance in the Experiments Using Hybrid Module of HCMT-7231
and TiO, for Effect of Microfiltration, Adsorption, and Photo-oxidation at Humic acid 6 mg/L

Experimental condition

UV,s4 absorbance (cm™)

Average treatment

Humic acid Feed water Treated water efficiency
Process (%)
(mg/L) Range Average Range Average
MF + TiO, + UV 0.107~0.141 0.123 0.001~0.012 0.004 96.9
6 MF + TiO, 0.099~0.129 0.112 0.014~0.018 0.015 88.3
MF 0.106~0.137 0.125 0.026~0.056 0.043 74.7

Table 9. Portion of Treatment Efficiency in the Experiments Using Hybrid Module of HCMT-7231 and TiO: for Effect of

Microfiltration, Adsorption, and Photo-oxidation

Humic acid concentration (mg/L) 4 6
Portion of treatment efficiency Turbidity UV,s4 absorbance Turbidity UVas4 absorbance
Membrane filtration (%) 98.9 72.0 95.9 74.7
Adsorption (%) 0 10.7 1.7 13.6
Photo-oxidation (%) 0 12.8 0.5 8.6
Total treatment efficiency (%) 98.9 95.5 98.1 96.9
Adojgtes As & + UMTh UVysy 359 Agase “’“IM TAA A5
Table 33} Table 4°ll= F24ke] w= W3} APoA = 72.0%C1 A%, FSvi7E FUSE 82 7% =7Fet3l
TET Agee 4 9 Xﬂﬁgg sttt & i, UVE ZARste] B4kslzh A 7™ 95.5%2 o
T BEE 29.6~36.2 NTUCIHoH, He+o] & A3 zoth. o2 A= FFdel T FH Y
SE 0.283~0.588 NTUR FE4ke] F=9} AHaglo] FAsF B Agdls 9Fe NAA XA, 7Y
B=o JFd AYEES 98.0% VJQE Al 4435 A 2e G715 AHede angolgs g HoF
A F8 Agdies et 38, 3559 UVis = Aot
FREE FULY w27t Sk whet oo w8t 7H&dY] FEE 30 mgLE FYsA s, Fat
o] 0.026 cm'FEH 0204 em’' 2 Z718H9 3, HE 59 o] 52 6 mgLE %747 ¥, MF 2% 2 MF +
UVysy FEEE A 3559 7Yt s59 TS TiO; 374, MF + TiO; + UV 34°lA 8 2 F94t
ol 0.003 emF-E 0.007 em’ 2 F7FEHATH £ F o] A asS AT Zo] Tables 7, 8olth. FH4t 4
2] A aEe FYAt F5 2 my/LolA 7}%} S mg/Le A-¢o= TEA, $40] @i € 5 g
FEVF USSR AYE o] A agol 98.1%MAM 95.9%F Thad AT

85.7%% R, Fyike]

£o] & Frtete A4S UEHoh
3.2. I} ! =0y F&, itstol gt
7H&¥ 30 mg/L, FY4F 4 mg/L FEA, Lo}

1..

}1,

9= IAMF)Y UVE 2ASEA ¢kal FEujo] o3
5% 2 Ao ZHMMF + TiOy), 3.184 A g

g ZAEE FEu 9 AL F EAFTHMF + Tio,
+UV)Y 799 2 AT 859 UVesy FH4E, A
2] &S Table 59 Table 691 st 2 A
AAglo] BrEo AP AL 98.4~98.9%F UAZ Z
< Hof FATh Y, FUkY AP E &S YE =

E3, MF + TlOz + UV 344 WMH AP A g
2 FEU % 6 mgLY ®W 96.9%E, FUL T=

mg/LY w 95.5% BT} tha 07}0}“E} ol#f g 2
HFERE {7129 v57F 2 A5 F50 A% F
2 5l A} 47129 A ¥ aapFolghe A&

A
% % gt

~
ol

FYF 4 mgLet 6 mg/LollA A3 MF 34 2
MF + TiO, &4, MF + TiO, + UV €49 &% 9 &
QA 22l a8 A2 Table 5~Table 82 HE 2 A
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o HYEEE ¢AHoR Aste] A4
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Table 10. Effect of Microfiltration, Adsorption, and Photo-oxidation on Filtration Factors for HCMT-7231

Experimental condition

Filtration factors

Humic acid Process Jo % 2105 Rn X %0"" Re1s0 x210'° U 10° Ry 120"" Vi

(mg/L) (L/m*hr) (kg/m’s) (kg/m’s) (L/m°hr) (kg/m’s) @)

MF + TiO, + UV 1344 0.439 1.664 297 0.034 8.84

4 MF + TiO, 1341 0.436 1.744 286 0.038 8.18

MF 1303 0.443 1.817 276 0.044 7.88

MF + TiO, + UV 1424 0.431 3.996 143 0.015 4.60

6 MF + TiO, 1406 0.440 4.072 140 0.012 4.47

MF 1419 0.437 4.166 138 0.011 443

9olth, FY4t 4 mg/Ldl Aol FEd & gk 2R g3 2 AES 4L F AT

sto 93 gx Azt A Aoy, F94 6 mg/L 1) FY4te] 57 HolAFE SEES Y 2 9
o gl FEm FFo] 1.7%011 B4 0.5%E Qo] FtskE AS € F AT =S, FYAY F
nH kA e g% Al ZHgstth drHe FEAke Tt Gold g, o do] AAE] o ERdL
A YEhd UVes 359 A 282 FY4t 4 b $hbsiAl Zasta AFFHAEY 1808 &4 &
mg/LolA B2 FZ 10.7%°] 1 B3} 12.8%E U 7V S7vstant. &, FAardske B4 LR 94
BT F94F omg/Loll A F3u] F2bol < 94t FU4 F57F 2 mg/LY W 7HE E3T FYULY
A BE&L 13.6%=Z FUA 4 mg/LolA Bt tdAi F 7t 7 W2 2 mg/l §AdA Rege 7MY $AL
ZbatF o, Fatste] o FHUA AP EE2 8.6%E Jiso 7HE =A Yeb, M BE ViE & U
Z3 ZAIAT. AT AAHYI FU MPage o oolgld AR & o, FYNY 22 fU)E0] FF
FYat 4 mg/L 2o 6 mg/LollA 1.4% Z7}atAth. o} Algte] o3 43S o] &3 ArAgA 7
Table 10 FY4F 4 mgL9 6 mgLolA 43 2H9E Yol Ta% Qo AL ¢ F U
MF &4 9 MF + TiO, &4, MF + TiO, + UV &% 2) YA x4 AHglol R B AZEs
o] S g Ao|th. Table 10014 Hi= Hjo} 2 98.0% °©ldoE A A 5 AgrEe
Zol, Jy @ Ru, Ree AY AT S U Qi UElgth &, F35Y UV S35 FY%Y 5
HZ Fo99 AFY R 340 B 255 F S7F S7bskel whet olo wlgste FUbetd A, AHESs
7V, HF FHAE T F4ste MF + TiO, + 9 UVasy SHEE 9 T35 FuY4t 559 Fe
UV 3RA 71 & AR5 viE 45 7 AU & ol FbsIATh =g FY4ke AHEage FY4t
ok o]y e Ades FAo] @d 245 AgHA @ FE 2 mgLAllA 71 EE 85.9%F B, FEARY
> frl=e o ool FAA Fhste] FHA FEIL UM E Agago] i FUtste AFE
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e T
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4 mglL At FEu FH) Faste] P =
A7k A8 g, FU4 6 mgLe Atel 5
o EHs BAs} oA S g5 AP A§5e
oh UL 6 myLold B Fal o Fu A
o £28 FY4 4 mglol A 2t the S7hehg o,
sl o FUA AP Bge 23 pasd
Foue APEge R vd 953 FU4 5
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