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Abstract: This study was conducted for the two purposes; one was removal of dissolved humic acid, the well-known precursor of trihalomethanes
(THMs), by physicochemical treatment processes such as ozone oxidation, coagulation and activated carbon adsorption. The other was qualitative
identification of by-products in chlorination of the dissolved humic acid. When ozone oxidation was applied to remove the dissolved humic acid, pH
was abruptly decreased. It was indicated that humic acid was not perfectly converted to CO» and H:O, but to low fatty acid. In coagulation
process, the coagulant was polyaluminumchloride which was widely used for drinking water treatment in recent years. With the dosage of 160
mg/L, total organic carbon(TOC), COD¢ and color were removed with 23%, 24% and 5% respectively. Color was effectively removed by ozone
oxidation process, which was the first order reaction, with the reaction rate constant of 0.067 min”. In activated carbon adsorption process,
preozonation process could remove more effectively the dissolved humic acid than that without preozonation. When the dissolved humic acid and
sodium hydrochloride were reacted with 1 mg-NaOCl/mg-TOC, only trihalomethanes were detected.
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A4S humic acidg ¥, AAsY 2 d2d ¥L
grar|7h ogdE BAZ, B dFdME AldrichAte] technical
grade®] humic acid(sodium salt)g ZF5o &4X A 2FdL A
AEger2], 4de] AMEE humic acidd ashdES AA|
93t membrane filter(pore size: 045 ym)& o FHste] 3742
A7z dto] AEE AASATH2 LEAGAME 2&2FY
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Aoz ANgg AR 4P dAsdeH, &3 4YdAE
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aluminum chloride(PAC)E 4424 F7HX719A 4¥& 443
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THMsE 9-HFZW[5]2 2 electron capture detector(ECD)7} -
A9 gas chromatography(Tracor 570)2 #4jstgiom o|d gas
chromatography®] #4Z7& Table 19 Yehigs gz
humic acid®] @44% FAEE 2A7] 98t purge and trap
Yoz NEE A F
BA2AL Table 29¢ 220, CODerd closed reflux method,
colors= visual comparison method[5], CODvne T3 Z B A HH[8]
of £sted A¥S AASYY. 28w TOCE ShimadzuAl TOC-

S AHESte BAsg

3. Zn 4 n#
3.1. Humic Acid §4

A4 A& humic acid(sodium salt) 500 mg<
=9 ZAFYeH, humic acid®] HE3 2 EAL
93t 53lo) AH TYH $EE RASE $2AL BM3 A

FYste, A0 A5 E, 199

-HFE3

Table 1. Analytical Conditions of Gas Chromatography for THMs

chromosorb-W (DC-200)
2 mm X 2.44 mm

stationary phase
column dimension

injector temperature 150C
detector temperature 270C
oven temperature 70T
carrier gas Nz (20 mL/min)

Table 2. Analytical Conditions of GC/MS for Disinfection
by-products

Hewlett Packard 5890, Hewlett Packard

GOMS 5970

Ultra2 capillary(crosslinked 5% Ph Me sili-

column cone, 50 mx0.2 mm*0.33 ym film thickness

detector temperature | 250 C

hold 2 min at 50 C, then to 55 C at 2 C/
min, then to 100 T at 5 C/min, hold 4 min

oven temperature at 100 C, then to 250 C at 10 C/min, hold
10 min at 250 C
carrier gas He (1 mL/min)

Table 3. Characteristics of Water Qualities(humic acid: 500 mg/L)

THMFP TOC CODcr | CODwn Color

(ug/L) | (mg/L) | (mg/L) | (mg/L) |(Pt-Co mg/L)
Range | 480~430 | 180~168 |1200~980| 530~420 | 2300~1900
Mean 455 174 1100 480 2200
SD. 15 5 100 20 30

S.D.: Standard Deviation (number of samples: 5)
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Table 3914 Bt vlel Zo] humic acid®) CODer/CODwn®l H]
7} 28692 ZALH Y] humic acid®] 7$- KMnOs2& 2 AHlE =)
At B22 T4 LS ¢ F den, AEE 1900(Pt-Co
mg/LEA 2L Z24& dehidel. a2la pHob 6079 F5{50
humic acidE 500 mg/LZ 13 23 pH7F 9472 Assige
™, humic acid®] ¥%¥ CODwa ¥ THMFP#¢ 4@ A S
7

ZAHE Q.
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Figure 1. Relationship between the concentration of humic acid
and CODvn and THMFP (THMFP: y = 08745x+23182, r =
0992, n =11, CODwn = y = 08909x + 3182, r = 099%, n = 11).
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Figure 2. Variation curve of pH in dissolved humic acid with
ozonation(humic acid: 500 mg/L, initial pH: 947, ozone dosage:
83 mg-Oy/min, initial TOC: 168 mg/L).
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Figure 3. Removal of color with ozonation(initial color: 1900
(Pt-Co mg/L), ozone dosage: 83 mg-Os/min).
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Figure 4. The reaction rate constant obtained in color with
ozonation(initial color: 1900 (Pt-Co mg/L), ozone dosage: 83
mg-0s/min).
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Figure 5. Removal of CODwvp and CODc: with ozonation(initial

CODwn' 420 mg/L, initial COD¢r: 1200 mg/L).
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Figure 6. Variations of CODmy/CODc: and THMFP/COD¢r with
ozonation.
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Figure 7. Removal of the dissolved humic acid with coagulation
process.
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Figure 8. Obtained k and n constants in Freundlich isotherm
for no pretreatment(pH: 7, temp.: 25 C, contact time: 24 hr).
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Figure 9. Obtained k and n constants in Freundlich isotherm
for ozone pretreatment(pH: 7, temp.: 25 C, contact time: 24 hr).
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Figure 10. Detected chloroform library as by-product in
chlorination of dissolved humic acid(chlorination was conducted
with 1 mg NaOCl/mg TOC).
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