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Characteristics of Natural Organic Matter (NOM) on Han River and
Criterion of Enhanced Coagulation
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Abstract

The Disinfectants/Disinfection By-products (D/DBP) Rule proposed by the US Environmental Protection
Agency requires the implementation of enhanced coagulation as a control strategy for natural organic
matter (NOM) removal and as a means of limiting the formation of all DBPs, i.e., not just the
trihalomethanes and haloacetica acids. To control DBP formation, several best available technologies
(BATs) were determined for removal of DBPs and DBP precursors. The enhanced coagulation is one of the
BATs for DBP precursors removal. Treatment facilities that achieve a specified percent removal of total
organic carbon (TOC) prior to the application of a continuous disinfectant or that achieve a residual TOC
concentration < 2mg/L prior to the application of a continuous disinfectant are considered to be in
compliance with enhanced coagulation. The enhanced coagulation was applied to raw water in Korea, the
Han River. Raw water were examined and effects of different raw water qualities on enhanced coagulation
were investigated. Three analyses were used for raw water characteristics, water quality measurement,
molecular weight distributions, hydrophobic/hydrophilic fractionation. The Han River had the relatively low
alkalinity and low organic carbon concentration. The results of molecular weight distributions showed
significant portions of low molecular weight organics, which is very different from most water in USA. The
alum doses for the required TOC removal guided from USEPA manual were quite low (i.e. 10~30 mg/L
alum) for the water, probably due to the specific water quality of the Han River.
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Table 1. Water qualities of the Han River waters

Table 2. Step 1 percent removal requirements for enhanced

Han-River coagulation
Parameters Natural raw  Prechiorinated TOC Source water alkalinity mg/L as CaCO,
water water (mglas ) 0~60 >60~ 120 120
pH () 7.84 7.68 >2.0~4.0 35 25 15
Turbidity (NTU) 75 9.02 >4.0~8.0 45 35 25
UV, (em™) 0.040 0.034 >8.0 50 40 30
TOC (mglL) 2.56 267
DOC (mglL) 186 203
SUVA (Limg m) 215 1.68 2 e 2ol & JFE wA] Hal $¥A=
Alkalinity (mg/L as CaCOy) 43.8 405 o (Alz(SOQ; O H‘_‘O) zo po =3 001594
Ferric saltE AMg-gch. 2 d#elM e €92 AHgs}
Thermo), UV, (UV-1601, Shimadzu), B (2100N  ¥oH 10mg/L HA02 1A F+Y&FS 371 F4
Turbidimeter, Hach), TOC(5310C Laboratory Total ~ 3te] jar-test& A3t T} £ Aol A= pre jar-test
Organic Carbon Analyzer, Sivers), SUVA, 4#el= & F3]A pH7E 5.5 o3t 2 RolA & jars 2HstaL
So $Ag EMslgth Y5 Fd £33 54 pH HstE BR8] A 28" NaOHE A #
& Table 1] AA|5}% g & SRS AT $RA S EPAC
A ARG 2708 whet g4 200rpmo A 18, &
2.2, Zs 34 £adt 30pmol A 302 wuk ¥ IAZHE AHAA
221, 7483 Step | 54 AHst +4& Fsh
DBP AFEAEL NOMY dHEOZA
D/DBP 4ol A= TOC7} DBP 7549 t&& 2.3. 77l X 2x A9
2 gk USEPA w7 (1999) 9 osts 4ts}A] #7158 BAg By Fedd Adsd £33
2 Bqsly] A 949 EAL defste] TOCZ 2 vk Eelwe 2144 Ade YM3030kD), YMI0
mg/LE gA gow 7|2 F5eye Aesta,  (10kD), YM3(kD), YMI(IkD), YCO5(0.5kD)o] %L
ol dom 7S & 5 e Al AN, ¢ 1 HE dEE 25~3 Okgfaro] Tk, §F X0 A€
AR Ag ol vE S oo} gtk ek TOCF  Age] £ 0.IN9 NaOHE o] §3fo] 537
7} 4mg/LE HolMw U2 AF7E £ A & At oAl F&e B vF Hee o
e Zabo|u} Membranedl] 93k TOC A4 &3& o2 H¥E Agsidint. 1eln o9 DOCE
Eogol gt Faede HE4T e T HARE ZH
SHA FHEe) AFEH WA, 7E A &
BEH HGAA A Ak sk HA TOC AAE 2.4, HF/Aad 2El4E
o] WL AE gofgitt, AeFo] dze| et F £ AFel AHEE XAD #2 Ay 2 AEEy
L1EA(TOC) 28t TOC HAAAES Table2 & Thurman and Malcolm(1981)& o] &35} &%
o A A&+t el 1]1—‘1 g9 2™ methanol &oje] ejE E3st
t} oA ERFR FE599 DOC 527t 0.5me/L
222 78841 Swep? )ik @ A AR o2 AR 2
%9 Step 12 71Z AFANM &t 9l £ glass columnol] 3 F $RE ALEE7] Aol thA
s AR TOC AAEL A7) 9all Step2 A 0.INNaOHg 0.IN HClZ wzbol 74n) zbzt 3 ¥
HE AAEHA At} Step29] A B2HL 2 s AHEL HEFHCSZE columnd] HClo] Holgl =%
& TOC AAEE 7] foln, A4 4 adrh.
271% T3] Y E otttk wepA dg 54 Ax/ag4 B2 ASRdseE 974 0.45m 27]¢]
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Fig. 1. Cumulative parameters of Han River Water (March, '05
Qctober, '06).
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Table 3. Monthly water qualities of Han River Water in this study

Parameters Temperature pH Turbidity UV,s4 T0C DOC SUVA Alkalinity
(°c) (-) (NTU) (em™) (mg/L) (mg/L) (L/mg+m) (mg/L as CaCO;)
064 2842 18.2 8.56 53 0.028 2.89 1.72 16 52.5
064 22° 18.4 7.95 46 0.026 2.85 2.03 1.3 50.0
06\ 342 187 8.68 5.0 0.031 3.00 1.90 1.6 50.0
06 3¥° 18.0 767 40 0.027 2.98 1.91 1.4 415
064 5*® 173 7.64 55 0.027 2.48 1.74 15 40.0
06\ 58I° 17.4 761 37 0.024 2.85 2.21 1.1 375
06 6° 237 7.37 1.9 0.027 1.90 1.41 1.9 38.8
06 6° 23.1 7.18 1.0 0.023 2.25 1.77 1.3 375
o6 g° 26.1 7157 427 0.061 2.16 1.70 36 4.3
o ggP 17.3 - 347 C.057 2.43 1.92 3.0 375
064 108° 18.1 7.84 75 0.040 2.56 1.86 2.2 138
06 10%° 18.2 7.68 9.0 0.034 2.67 2.03 1.7 205
g 195 7.80 12.1 0.034 2.58 1.85 18 43.1
EEHA 3.0 0.5 128 0.013 0.35 0.20 0.7 55
a: Xl fp(HAARE| M), b: MHAKE| 5t Jf, - HMSIK| &
& Aol A% Fo BAY BT Ao og Fig.29t o), 58] 10kD ol4e] nEA f71%] ol HA
2o} Age 722005 129, 20001 299 599 30%E de A4S B0 22 20009 SH =
AgA oIt Agaaa AP T 2% AR #71  HHE de vha] 20059 1293 vk e
Bo] nEAH71B Hla 258 £9% & 4 gl 10MD nEA 1B Mol A vehgeh ol
o, AT 2t 9 ulgh B4o] gl 20059 12 Bol AAE R el ge] 540 Aol gt AAlsk
do] B4 Avuw, Ad4 A A3 A F Y Kol 24719 286l FA e BE 471% ER
Fo A BE 70%ZE d& kD olste A8A #7158 & XS 2 Aoz AT 5, 2006).
o ol vehkon, 10kD o)l n¥A §71%L
10%% 23 d& 2948 BAt 2006 299 2% 313 #7128 A5/he S 22
£2005d 1299) 949k o2A D ol AR SR 45 F £54R71R) BEFF
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Fig. 2. Molecular weight distributions of NOM from the Han River water.
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Table 4. Alum dosage required in jar testing to achieve various enhanced coagulation criteria: Natural Raw Waters
Utility Enhanced Coagulation Alum Dosage Required in Jar Test to Achieve Criterion mg/L Al,(SO,), - 18H,0
Step 1 Required

TOC Removal percent Step 1 TOC Removal PODR Settled TOC < 2.0 mg/L
Feb., 06 35 10 30 10
March, 06 35 20 20 10
May, 06 35 10 20 10
July, 06 35 20 20 0
Aug., 06 35 10 20 10
Oct., 06 35 20 20 10
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