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Abstract : In this study, the photooxidation and ozonation of humic acid (HA) in aqueous solution
were conducted and the treated HA samples at different reaction time were analyzed using
ultrafiltration techniques to evaluate the change of their molecular size distributions with its DOC
removal. Molecular size distribution of untreated HA showed 41.5% in higher molecular size
fractions (>30,000 daltons) and 15.2% in much smaller molecular size fraction (<500 daltons). As UV
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irradiation time was increased, it was observed that the degradation of the large molecules of the

fraction of >30,000 daltons into much smaller molecules was increased. In UV system, the HA

molecules of the fraction of <500 daltons became significantly more and its percentage was increased
from 35.3% (UV only irradiation) to 58.9% (UV/TiO,) and 87.8% (UV/H,0O,) in the presence of the

photocatalysis. Otherwise, ozonation of HA produced mainly the fraction of medium molecular size

ranging from 3,000 to 30,000 daltons with much lower portion (<~7%) in the fraction of <500 daltons.

In ozone only system, the fraction of 30,000~ 10,000 daltons occupied in 41.5% at 60 min of
ozonation time. In O3/H»O, system, the fraction of 30,000~ 10,000 daltons and 10,000 ~3,000 daltons
occupied in 38.9% and 36.2% respectively. Based on these results, we suggested applicable treatment
process which could be combined with UV/H,0,, UV/TiO, and O3, O3/H,0; system for more effective

removal of humic acid in water treatment.
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2174 (humic substances)S AT F7]
ArAdgeel d

Atk AdF T EAlse FAde
(site-specific)y s 2+ H3g o]gety EAS YEhiH
E2}o] A7])= 200~300,000 daltonsol] ¢]2= B E3E
S Yehdth? S22 HolME sl 2L B Fh7)
2% (total organic carbon : TOC)2] 50%E -3}
0 BAAe fARE AES 71 B Al 51

Ed EdeEA 727 Biste] 25
3

re

3 5

o] R, A7), T2 2 B4 SOl IHEE HrUt
FAE I YRt

AFA5-718 2 ) (natural  organic  matter:
NOM) ZFAg3g] 4 717 43S 3 Aok &
A}F= 718X (molecular size distribution : MSD)7} 500
daltons©]3}Q1 AEA} H-2141-2 Ao 32N nanofiltration
membrane)®] 23 FHZIIE Flshe Ao gF
A slom] AETFH (biofilm)e] A$oNME 500
daltons ©|3}e] AEAGE] g SE UYehl=
Aoz RuxEy Uk’ E8 FAE (activated carbon)
9] A ALEE FFd EAltke AAR7IEADY
B F7)d Agd 93 wet’ JE2duey
(biological activated carbon)> E/Jete]] F3tE v E
o og A= =2 P9 500 daltons ©]5H]
AEA | M FE] ARk F2o] goldt FhAY] &
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2.1. BAE AE

2 A7 A" AEE A8
Chemical, H1,675-2)°]H, §3j4S ¥0]7]
NaOHZ pHE 10:0.27}7] ] 1000 mg/L
Z9% 20 mg/LE 345t AFS 3T
ARE ER4E 23 ZH38M] Milli-QMillipore Corp.,
ZFMQ 0500)E BHAIZ 254 &S ARSI

2.2. UV ¥ Os A2| A& &Rl

UV A= 20W2] mercury lamp(low pressure) S
Ao 2 ARgste] 5709 whERE AR & AFERE
The A&EERAoR ARsckFig 1).° Wz U

o ZAHUY WeEs ALE 2HQH Do,
& Fal Eojo) BAS HEAT werd ARe

0.05N-H,S0,

0.05N-NaOH

AR AR eEARAE
model: AHgEIom 43
s BHE FRAA FE

k=
Hr oo
k
8
Ned
8
§
R
B
rr

&
3} Be5ag A7e
i

= e
Falgh 2& MAYAXES 2Adslo] 308 g3t A7)
% 10405 ppm®] 2Fo] APEE FRISATE oF
W-s-2E 250 mL9t 1,000 mL&2e] Foldx ukex
2 Agatgleon AARE 9Euksd o3 RS vt

Fig. 2. Schematic Diagram of O3 System
(A: Oxygen Bomb, B: Gas Purifier, C: Ozone
Generator, D: Input Ozone 2% KI), E :
Reactor, F : Output Ozone 2% KI)).

Ozone

2.3. Algdy
DOC (dissolved organic carbon)= UV/Persulfate 2F3}
0]&-3 DohrmannA}9] Phoenix 80003 AR}

sled 3+ o7} (ultrafilration)= &8 200 mLe] wwh
cell (Amicon Model 8200)S AFE-3}HOH, cellS EA
7}2E o] gate 55 psiz 7IStetthFig. 3). AEe
AHEEE koo sEke A1 635 mme] AEZA AR
A ke BIEATF (molecular weight cutoff: MWCO)
o] @} AmiconAte] YCO5 (500 daltons), YM3 (3,000
daltons), YM10 (10,000 daltons), YM30 (30,000 daltons)
S5 AR

Nitrogen

Magnetic stirrer

Fig. 3. Ultrafiltration Equipment.

UV, UV/TiO,, UV/H,0, A|Z=E] @ 05, OyH,0, Al
S Bt AE 47 FAMAEE B 2
2 AAEl 30,000 daltons  ©]%, 10,000 ~30,000
daltons, 10,000~3,000 daltons, 3,000~500 daltons %
500 daltons °]s} 5 57/ FHo= T - TR
Exg 7] By 4L 3oy} o] ojdz} gl
A8 g DOC o2 HrFalch
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3.1. UV A2| A[AHIGIAMSl DOC H|7i2

Fig. 49l UV, UV/H,0,, UV/TiO, Al&Elo|Ae] ¥h-g-
AZbel W R4 A 59 DOC A7ES YeERTh
B AFoA] Fatsle)] we FAate] BAlg £x B4
o 9= F= T8 AYAAS pH (9+0.5)%F TiO; (50
mg/L) 2 H,0, (20 mM)®] FEE o]F4 2o o3 ¢
TH ARE wEoz 4A3HH” uv a5 xAle 7
Sole 1208 A U 182%2] DOCAIAES K
ol Whd, FEuj7} H71E UVH0,% UV/TIO oA &
1S 5040 90%°l 77k AAES BESGTE o=
UV ©=xAtel] vl UV/H0,3 UV/TIOA] 2 o) 4]
Aeldoz wkgste Ak 4kslelslE] OH iz
o AAo] felsi old wWE Anz san’
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Fig. 4. DOC Removal with various UV System.

3.1.1. UV Et=A2| AI2E0|Mo] EAl Bx S
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Fig. 5% UVYE @502 ZASIY HESA|
60, 1203 o At ARE FHe|oTate
Folty. UVAE A F2ke] BA#F EXE 30,000
daltons ©]’Fo] 45.1%% 7P% ©e RES XA|Fa,
30,000~10,000 (dalton)©] 19.3%, 10,000~3,000 (dalton)
o] 12.5%, 3,000-500 (dalton)©] 7.8%, 500 (dalton) ©]&}=
152% 33t} A g FAA9 Hgo ezt
718 EFHHY AA7E DAY Al 2 TS
u]d Aol AlF gt UV @EFAL] 749 AA f7
E AA =9o|A DOCE 7]FoZ 1208 59 182%
o] AAES Holx, BAFe] M3 g 451%%
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4% 2

=
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© 30,000 dalions ©]/de] Ex[FFO] ZARATEY F7tol
wg} Zaste] HE 120205 10.6%7HA A8k
olg} Wiz 7P A EAQ 500 daltons ©]3h=
%27] 152%94 AF 120890E 353%= Z7FkAch
DOC AAEo] 20% wFHe]X|TF 15 30,000 daltons ©]
dol A BAY BAE AVEEE 45.1%°0A
10.6%2 7Zadvie A8 BEs9ch

100%f
<500
80%i
500-3,000
SR [13,000-10,000
a
[}
S £110,000-30,000
20%; B>30,000

Irradiation time

Fig. 5. Change of molecular size distribution in UV
system(unit : dalton).
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3.1.2. UV/TIO, X2| Al2HloMe] 2X12E B2 £

TiO,S HEA7|T UVE ZARE UV/TIO, Al2H9|
ME UV 9EZART oS w24 30,000 daltons ©]
29 iR Bl AAEE RS 1A (Fig 6).
| A4S AoIAE 30,000 daltons ©]7Fe1 EAE2 9]
BEEO] 47.1%0A wEEEe] wEl HF 1208
57%% 7FA38Fal, 500 daltons ©)3}e] A EA}EFS
1 135%04 589%7tx Z7Vetqich 30,000
daltons ©]do] W3- 30% Fo 73%F ZHAFHA 50
0~30,000 daltons AFO]7} 51.8%=% F3F =719 EA8k

2L
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N
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X

X7 ARA o o]Fd AL Ardse] Bt
343 O a3y dAFNAM Tad 2
a4dlo] & & Slth UV/TIO, AlZ&"lellA Yelvk= 500
daltons ©]3}e] ARAY E-| F7l= AESHE A
2 HE E Ao, ARA 24 249 Fvte
B o33 gz AAEl] AT B¢ agzo
2 AAT ¢ J& AoE dghEn e
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Fig. 6. Change of molecular size distribution in UV/TiO,
system(unit : dalton)

3.1.3. UV/H:00 M| A|ARIOAM] BXlZ 22 EY
Fig. 72 20 mM®] H,0,5 #7lste] F2afg ¥
Aol BAEEE Yepd 1do|th 1208 FAME
¢ 500 daltons ©]3l= 87.7%7HA E7ksla 30,000
daltons ©]4Fe] MEAZFE 1.5%74A sk A9

el el JERHoE Rart Sold AA

o 1>

goz AFE Aotk W UVTO, AxET
UV/H,0, A|2=H

< vas) & o, 7 ALY 2F HF
120% 5t 90%%F2 DOC AAES BolA|uh, £a}
Fo) ANEEE 2 Aol HYh 53], 6% o)
AHelF AAE 500 daltons ©late] ARA EHo]
UV/H,0, AZH (87.7%)°1 41 UV/TIO, A28 (58.9%)°
skl w4 A e o Aeladst stskea
o 23 A9 A3 TiO, Ev Ae)ls 9508 AR
g Beun oS adHos RAds ARAE) A
S YehdY. o]2dt Av= Sundstorm er al®] Eil
dlxsh o] g e] Sl loHE UV Ee 2

100% = <500
5003000
80%
£13,000-10,000
- a7
S O 877 | £10,000:30,000
o
g 40%- B>30,000

21
111 18
47 =47
8115{__J39)
120 min

60 min

0omin 30min

Irradiation time

Fig. 7. Change of molecular size distribution in

UV/H,0, system(unit : dalton).

0L 53l HE BAEEZ H)0, CO,9 acetic acid,
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Fig. 89 && @53 0yH0, Al2Ho|A Y] HH-g-4]
o W& B2 X8 DOC AALEEL Yehhith
o] 7] pHe 9.0+02 ©]3, & % FHakslea
}2} 1041 mg/L¥ 5 mM o]eh'®” o=
UV &5 Aot g7
0C A ERo, kslra Fujrt Hot
A% 608 A ¥ DOC AAEL 0/H0;
|25l A 45% 24 UV/H0, AlZ=8lo|Ae] 90% Rk
¢ S AALES HAY 22 9E5AE9 04/H0;
A|z"le] HlmME HE 0% T 247 34, 45%9
DOC AAEEAN H0,9 7ol wt ¢F 10%8 AlA
& S B 9, UV Al2Ed H07F H7HE A
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Fig. 8. DOC Removal with various O3 Systems.
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Fig. 9. Change of molecular size distribution in O3

system(unit : dalton)

3.2.2. O3/Hx02

H,0.7F 37He 0y/H,0, Al&=Flel A= 30,000 daltons
ool TEAEAE HIXEo| 45.1%004 W 60% T
245%% Fraste] LEREAFAAY 212% Eot A
BAERAE ¢ go] AFHE= AL FEASIATE 500
daltons ©]3}e] AEA EAEL 0= TEH 9} 2ol
e ByHE FHF A7 eSS 05H0;
A2~ 9A] 10,000-30,000 daltons®] BEA}EFRE7} Z7}
3te] 102 °1%F 46.1%71A F718IATE 53] OyH0:
A Z=E A E 3,000-10,000 daltons®] Z3F F7]9] B}
Fo] 27| 125%AA HF 262%7HA 71k A
Ao g 3000-30,000 daltons®] EAEO] HE 75.1%
A F7retanh oldst A7E St & W OyH0,
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Fig. 10. Change of molecular size distribution in
O3/H;O; system(unit : dalton)
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