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Abstract

The purpose of this study was to find out the variation between molecular size distribution (MSD) of natural organic matter
(NOM) in raw waters after different water treatment processes like conventional process (coagulation, flocculation, filtration)
followed by advanced oxidation process (ozonation, GAC adsorption). The MSD of NOM of Suji pilot plant were determined
by Liquid Chromatography-Organic Carbon Detection (LC-OCD) which is a kine of high-performance size-exclusion
chromatography (HPSEC) with nondispersive infrared (NDIR) detector and UV s, detector. Five distinct fractions were
generally separated from water samples with the Toyopearl HW-50S column, using 28 mmol phosphate buffer at pH 6.58 as
an eluent. Large and intermediate humic fractions were the most dominant fractions in surface water. High molecular weight
(HMW) matter was clearly easier to remove in coagulation and clarification than low molecular weight (LMW) matter. Water
treatment processes removed the two largest fractions almost completely shifting the MSD towards smaller molecular size in
DW. No more distinct variation of MSD was observed by ozone process after sand filtration but the SUVA value were
obviously reduced during increase of the ozone doses. UVD results and HS-Diagram demonstrate that ozone induce not the
variation of molecular size of humic substance but change the bond structure from aromatic rings or double bonds to single
bond. Granular activated carbon (GAC) filtration removed 8~9% of organic compounds and showed better adsorption

property for small MSD than large one.
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Filtering velocity 189 m/day
) N _ _ Anthracite 50 ¢cm (UC 1.1 mm +0.05, Coefficient < 1.4
Rapid sand filtration Filter media —
Sand 25 ¢cm (UC 0.5~0.55 mm = 0.05, Coefficient < 1.5
Standard @ 300 x 480(H) x 4 set
Contactor type Up-flow type, Injector + static mixer
Standard @ 300 x 480(H) x 4 set
Ozone contactor - 3
Capacity 030 m
Contact time 35 min
EBCT (min) 14
Velocity (m/day 135
GAC column y ( )
GAC Depth (cm) 131
Effective grain size / Uniform coefficient 0.68/1.7
Atmosphere
3
S0mv d Ofi-Gas
Intake well
Raw water Coagulation 82‘3"9 !
Filtration estruction
Flocculation
GAC
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L |
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Fig. 1. Schematic diagram of the Suji pilot plant.
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Table 2. Some technica data of LC-OCD systems
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B4 A1F F oF 20408 A EFHe A WA g3as

7] colloide} =9 A ’én—-J biopolymer AlE 2=z &
A 20,000 g/mol ooz Fg=o] ok F A A

Energy consumption 1.5 KWh
Environment temperature 20~30°C (25°C recommended)
UV-Lamp zero water reactor 990 V/80 mA

UV-Lamp thin film reactor
Carrier gas

Mobile phase

Acidification solution
Measuring range TOC
Detection limit TOC
Detection limit LC-OCD

2000 V/40 mA

Nitrogen 4.0 or 5.0, about 20 L/h

Phosphate buffer 28 mmol, pH6.58, about 2 L/24 hrs
Phosphoric Acid pH 1.5, about 0.5 L/24 hrs
10~5,000 pg/L

2~10 pegll

5~50 ug/L (per compound)
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Fig. 2. Flow Scheme of liquids in the LC-OCD system.
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Fig. 3. LC-OCD chromatograms of (A) raw water, (B) settled
water, (C) sand filtered water, (D) ozonated water (2
mg/L) and (E) GAC filtered water.
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Fig. 4. Removal ratio of the different NOM fractions in the
different stages of the water trestment process (n =5).

humic 829 FAu)7F 743k, building blocks, neutrals
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Table 3. LC-OCD values of the different NOM fractions in different stages of purification process (n=5)

Biopolymer . BB Neutrals Acids . )

TOC DOC >>go,)cl)oo Humic sub | o0 o | < 30 | < 3sp | Aromaticity | Mol-weight
g/mol ~1,000 g/mol g/mol g/mol g/mol (SUVAHS) Mn
ngll L/(mg*m) g/mol
Raw W. 1,663 1,597 134 853 236 275 2 3.29 673
Settled W. 934 886 57 294 229 241 0 1.55 508
Filtered W. 909 835 34 277 205 221 0 1.49 507
Ozone 0.5 905 868 32 303 211 224 0 111 513
Ozone 1.0 850 849 28 309 206 218 (0) 1.05 519
Ozone 2.0 818 779 24 300 195 202 0 0.88 519
Ozone 0.5+GAC 759 703 23 288 171 156 3 1.13 518
Ozone 1.0+GAC 717 680 23 281 167 164 0) 1.24 519
Ozone 2.0+GAC 746 710 26 278 180 168 0 1.06 519

% Mn : number-average molecular weight
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Fig. 6. HSDiagram in the different stages of the water
treatment process. (A) raw water, (B) settled water,
(©) filtered water, (D) 0.5 mg/L ozone, (E) 1.0
mg/L ozone, (F) 2.0 mg/L ozone.
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Fig. 7. LC-OCD chromatograms of (A) filtered water, (B) ozo-
nated water (0.5 mg/L) (C) ozonated water (1.0 mg/L),
(D) ozonated water (2.0 mg/L).
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Fig. 8. LC-UVD(254 nm) chromatograms of (A) filtered water,
(B) ozonated water (0.5 mg/L) (C) ozonated water (1.0
mg/L), (D) ozonated water (2.0 mg/L).
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Fig. 10. LC-UVD 254 nm chromatograms of (A) filtered water,
(B) ozonated water (0.5 mg/L) +GAC (C) ozonated
water (1.0 mg/L) +GAC, (D) ozonated water (2.0
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Fig. 11. HSDiagram in the different stages of the water
treatment process. (A) raw water, (B) settled water,
(C) filtered water. (D) 0.5 mg/L ozone +GAC, (E)
1.0 mg/L ozone +GAC, (F) 2.0 mg/L ozone +GAC.
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