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ABSTRACT

Natural organic matters(NOMs) are found everywhere such as soil, surface and ground waters and consist of
both humic and nonhumic components, and their heterogeneity makes each source unique. This study was carried
to evaluate the removal characteristics of NOMs by mixing coagulants and the variation of apparent molecular
weight distribution(AMWD) in coagulation process. )

Ratio of optimum coagulants dosage for removal of DOC and turbidity by mixing coagulants was 1.83 mM
Fe**/mM AI*. DOC removal increased at lower pH. The pH6 control focused on the removal of organic matters
could reduce the amount of coagulant consumption by 2 to 3 times based on the pH8.5 of natural water. The
dissolved organic matters in the natural water from the mid-stream of Han River were composed of the low
molecular weight(LMW, <1 K) of 59.7%, and the medium and high molecular weighttM - HMW, 1~30 K) of
40.3%, respectively. At pH6, the DOC removal efficiencies of LMW(<1 K)and M - HMW(1 ~30 K) in
coagulation process were 27 ~35%, 62 ~72%, respectively. The fraction smaller than 1 K was not eliminated to a
noticeable degree, while the fraction of 1 ~30 K was relatively well removed. In conclusion, mixing coagulants

were fairly effective in the removal of natural organic matter.
Keywords : NOM, THMs, HAAs, AMWD(Apparent Molecular Weight Distribution)
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A=

E Ao A EE QZA RS} AN B
ArEERsiTh A FA R g4 2Ed kaolin
(Junsei Chemical, Japan)®} humic acid GEFE(EET
EX Eit, Japan) & &S0 £ty 2AES
o, A7 Lol A AAAI T} v]SE A
A Ag3sl7) g)ske§ 22k NaHCOs, MgCle - 7TH20&
AMEEle] B 50 mg CaCOs/1E 24815t 259
pHZA L2 0.1 N NaOH$} 0.1 N HoS04 £ AL
stk AdAlge dFEAY 9 ARAHE

9 ArdrEM JoAlF (grab sampling) YHOE

Table 1. Characteristics of raw water(2000.3 ~2000.10)

Natural Water

Tems Range Mean
pH 6.91~9.10 7.94
Temperatur(°C) 12.5~25.0 18.6
Turbidity(NTU) 4.3~15.2 6.8
DOC(mg/l) 2.09~4.04 2.82
UVysy(m™) 2.7~7.8 4.11
Conductivity(S/cm) 132~230 173
Alkalinity(mg/l as CaCOs) 36~76 59.4
Hardness(mg/1 as CaCO3) 46~90 65.5

'H’\;]'Oﬂ owj $2EA-L Table 17} ZTH
%XJ A
AP A o] fd SHAE FI|SHARA 2L

Al 3’**}°‘—-‘T’"H]H (Al (SOy) 3 - 14H20, ©13} alum®]
2} A8 1 F54A24 (FeCls, 03 FCH FEH S A}
gatgon, gzte] $AAE FHFA o 1%9
EFEN0 g/ & HEAM AEEISITE o] o 1
ml& 22+ 10 mg Ale(SO4) 3 - 14H20, 10 mg FeClz
& 283w glow, FANZE gAkslE 0.91 mgAll
9} 3.44 mgFe/lo]t},

3 A=

B g SHAEE Y3l Jar testers} £
F71 24 EAFRE S48 9 FAAFAE
A8ttt

Jar tester= Hudson'¥ <] @3¢l AH&3d A}
Ze Agoz vu] 2 cm, Hol 8 cm A G
7} AAEglon, 11.5 emX11.5 emX21 cm®
g2 2191 47} 3239 Jarg AMESIITE Jard] AA
2 U5 #A2S Y3 oz H = AaHstaloH, Al89]
Edasds Hol7] g8l Fo] 10 mmd AFH
(baffle) & 2 02 Jar®] 4 @] ¥-23519] ) i3t
A &2) 55 golstA 3] 8 9 5 cm dFel

REEEEEREEEE)

5te] o #42] (Amicon Model 8200)+ Fig. 13
Zt}. $9jed 32 (UF membrane)2 Adoin Y
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MWCO), YM1 (1K MWCO), YM3(3K MWCO),
YMlO(lOK MWCO), YM30 (30K MWCO)°]3ith.

AT A= Ho)Ak AREAZ (1 Kolah), S2AF
(l 10 K), ¥R (10 Kol’hH S LMW (Low
Molecular Weight), MMW (Medium Molecular
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Fig. 1. Experimental apparatus for the AMWD analysis.
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Table 2. Experimental conditions

Items

. Experimental conditions

Mixing Coagulants dose

30 mg/l

Time difference(15 sec)

Input methods of .
nput

mixing coagulants

FE.C/Alum : Alum—Ferric Chloride(F.C)

Alum/F.C : Ferric Chloride(F.C)—Alum

Simultaneous input

Alum+Ferric Chloride(F.C)

Rapid mi :
Operating methods api H.HX 120 rpm for 1 an
of jar tester I Slow mix 20 rpm for 20 min
! Settling time 30 min
TEESE ALA7) A3 AR 7] (magne- 3¢} 22 -z N4 TOC analyzer (Shimadzu

tic stirrer) 2 L2J3kA| wrkekIch 43§ 3}
A odmets ZBask AR E Al e dAYE %
vial2 M F kit st IR 2 o 5slr] Aol &
S ANEE FREA 93t vho] &48 48817
23}F9] 0.45¢ m membrane 2. & o7} T),

ot

AP T Ao
%}-/\}-OLE ]
FOS 37k W o g 53 29latgion) 3834
A (F.C/Alum) & HAFYu| & AAst7] Ystod
F.C/Aum¥| S 0014 4742 dsialzlwA S A8
& st EFLAAY FUWHT A¥ 2
2 Table. 29+ 2},

FAeNE 23] Astol

2) Bajub
BLE 8L (HACH Model 2100A) & o] 439
2243190} UVasy T ZEE A 8E 0.45 um pore

size2] PVDF (Polyvinylidene Fluoride) oA=& o3}
%t & 10 mm cell® UV-Visible Spectrophoto-
meter (Shimadzu Model UV—1601)Z& o] &5t =}
& 254 nmollA &4313dct.

DOC¥ A]&F 0.45 um pore size2] PVDF
(Polyvinylidene Fluoride) 91*|Z oJ 13l & Table

Table 3. Analytical conditions for the TOC analyzer

Ttems Items
TC catalyst High sensitive
TC furnace temperature 680°C
Cyringe size 250
Number of washes 4
Number of injects 3
Max number of injects 4
Carrier gas . Pure-Air(N2/O2)
SD(Standard deviation) 200
CV(Coefficient of variation, %) 2

(alum) 3 4344124 (ferric chloride, -

Model TOC 5000) % =74 31%iT}.
SUVA (Specific UV Absorbance) 7 UV E-33
£} DOCE o] &-3to] thd 47} Zro] Leld 4= 9o}

SUVA(m'/mg C/MH=(UVA/DOC) X 100
I 27 D&

2SN FeeM U AN FH HN
EAA S} FUeME AAsH] Yshe] pHY,
2% 20T 27384 alum3} ferric chloride® 3
7 o2 ERFYet] SR E e A= Fig
37 Zth

&g A Alum/F.C, F.C/Alum, Alum+F.Col 2]
3 DOCS} B9 AA&S 22t 395, 44.5, 41.5%
9l 915, 954, 93.5%% -SHALY FUTA o W2
F7184 2] AAEE Itk & o7} Qi) ©@hx
AAFE Fo FY(F.C/Alum) 3+ F$7) FA|F¢
(Alum+F.C) % A3 (Alum/F.C) .t} DOCS} &
SAALEAANAN 22t 3~5%, 2~4%F % 31

r}oi: -

4
5 35t [ Joeo
= O Turbidity
Z 3t
2
To2s|
2 .
g o2f
2
215}
<}
E 4
3
505

0 1 L

Alum/F.C F.C/Alum Alum+Fe
Coagulants

Fig. 3. Removal of DOC and turbidity by simultaneous and
time difference input of alum and ferric
chloride(Coagulants dose 30 mg/l, 8 NTU, DOC 4
mg/l, Alk. 50 mg/l).
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Fig. 4. Ratio of optimum coagulants dosage for the removal
of DOC and turbidity by mixing coagulants(pH 7, 10
NTU, DOC 4.45 mg/l, Temp. 21C, Alk. 50 mg/1).

ok ol &R A9 W= (Alum 610~1200 kg/m®,
F.C 1360~1440 kg/m®) & 33l 2laix A4
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30 mg/19) EFLAA FC/Aum) S FY3o] #
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th, F.C/AlumB]7} 1olA DOCS 8% AA7} 713
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3R 9] H&Fu 7 1Y w DOCS g2
AAEL A7 46, 95%=F alumSE GE 07 F3tH
A Buh 7+7} 8, 5 5% 5 5313t ol FeAl
SAA 2] 7ol 53 pHE o] Wi o]
arz ARSI a1 Al $AAs A
25 E 2 Al-Fedl ELSAAS AT 4ol
T 2HAY AHE BT A = 9l AR ARE
Uehd Ao 7 adEch

2. 27o FERIR DE
SRR

45 —e— Alum(DOC) 16
4 —a&—F.C(DOC) 14
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dJ
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Coagulants Dose{mg/l)
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45 16
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Fig. 5. Effects of coagulants dosage and pH control on DOC
and turbidity removal(pH 8.5, 8.5 NTU, DOC 3.5
mg/l, Temp. 25°C, Alk. 55 mg/l, UV25. 7.8 mh).

pHE 8.59} 6.5 24 T SHA FUF| w
F71 82 o] M3} B2 Fig. 59} Zth

pHE 6.5 A% & A F.C/Alum =
2818k A9 alum® ferric chlorideE @502 54
3+ A%< vla} DOCAAEL 2~6%, BF=AAES
1~4%3 % $-<7330) pHRS (KA ol A E3H-8
AA(F.C/AIum) & FUT 45l alum¥ ferric
chloride® W52 2 5918 744~ Bt} DOCAHIA &S
9~10%, BEAAEL 2~4%AH T 5313t

pH8.501 A &2 A F13-& g E 2 A A 1)
& £E257152 9 AAA o Bo] £22HSTh ol&
{EH7|EH0] B EA vl8) £ HIE v
Qong ol5g HdFstr] Hslxe AV
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s ] dEENdeH, floce] Y AP E &
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Al APERDR g 2719 floct} vEHc

4 4
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Fig. 6. Effect of temperature on DOC and turbidity removal
at pH7(Coagulant dose 30 mg/l, 5.7 NTU, DOC 3.1
mg/l, Alka. 72 mg/l, UVass 4.2 m™).
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Fig2i=g
pH5.52 202 A¥ZAA ferric chlorided
FYs AL alumdF £ % AARY FRE=7T 4
58] wakon AEgpelM HE NE o= Ardyd

Astell A pHE 5.5, 6, 72
=40 HsE BF

& 253} 1= ferric chloride® A £4 pH
419) gel) B u)A 2] £Y7] T o7 AZHET,
25 - 7

/ |,
2 L
'—;—Alum(DOC) 15 -
I15 —A—F.C0og E
> —a-FCAumDoe) |14 2
g —o—Alum(Turbidity) _%'
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0.5
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0 0
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Fig. 7. Effect of pH on DOC and turbidity removal at 20C
(Coagulant dose 30 mg/l, 5.7 NTU, DOC 3.1 mg/l,
Alka. 72 mg/l, UVas: 4.2 m™').
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3. STXNEA |]7ISH2| A =X H3}
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(AR, 1~10 KEEAF), 10 Kol HILEA
2 o] 2tz 59.7, 22.3, 18% = A EAFO] A £ X
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Alum B MWC O(Daitons)
(e}
£ EC B<1K
Atlum @0k
O10K<

F.C/Alum

F.C

pH7.5

Raw water B

. :

0 1 2 3 4 5
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F.C/Alum
MWC O(Daltons)

@«
£ F.C @<1K
Alum ES5 1K-10K

310K=<

Raw water Hia

F.C/Alum HgO

MWCO(Daltons)
B<1K
7 1K-10K
O010K<

0 1 2 3 4 5
SUVA(m'img)

Fig. 8. Molecular weight distribution before and after
coagulation at pH7.5 and pH6(Coagulant dose 30

mg/l, 6.5 NTU, DOC 4.04 mg/l, Temp. 23°C, Alk. 66 _

mg/l, UVass 4.1 m™).
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