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Optimization of coagulation process for reduction of disinfection
by-products in water treatment

Young-wook Jeon

Department of Environmental Engineering,

Graduate school, Pukyong National University

Abstract

About 80% of korean water treatment plants are using river waters as a
raw water. Therefore, water treatment plants are very sensitive to river
pollution. Recently water pollution is increased eutrophication, industrializa—
tion, population growth, changes in lifestyle.
NOM (Natural oragnic matter) is a complex matrix of organic materials
and a key component in aquatic environments. The presence of NOM is a
matter of various problems in water treatment. First, it has a bad
influence on the water quality such as taste, odor and color. Second, when
trace amount of NOM is supplied from water treatment plants, the
microorganisms can regrow in the water supply systems. Third, It
increases coagulant dose and disinfectant dose during water treatment
process.

NOM can react with chlorine and generates disinfection by-products
such as THMs (Trihalomethanes), HAAs (Haloacetic acids) in water
treatment process. The USEPA has established Rule for D/DBPs
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(Disinfectants and Disinfection by-products) in July 1994 and setting the
MCL (Maximum contaminant level) of THMs to 80 ng/L and the MCL of
HAAs to 60 pg/L. Currently in Korea, according to quality standard for
drinking water in October 2016, THMs should not exceed 100 pg/L, and
HAAs should not exceed 100 pg/L. In HAAs, DCAA (Dichloroacetic acid)
and TCAA (Trichloroacetic aicd) are classified as a monitoring items, both
of which are known te be carcinogenic to animals.

As the problems of NOM around the world become an issue, much

attention has been focused on developing more reliable and efficient water
treatment processing technologies. Removing the NOM imposes lots of
advanced water treatment technologies such as ozonation, activate carbon
adsorption and etc. Coagulation is more economical and easier to operate
than the advanced water treatment process.
Therefore, this research finds optimum coagulant dose and pH condition to
improve the NOM removal. This research has shown DOC removal, DBPs
removal in optimun dose and pH condition. The experiments were
conducted with ferric chloride and alum as a coagulant.

Two coagulants optimum dose is 0.15 mM and optimum pH is 5.5.
Under optimum pH condition, ferric chloride improves about 20% better
than DOC removal in optimum coagulant dose. In case of alum improves
about 109 better than DOC removal in optimum coagulant dose.

In order to confirm the removal efficiency of THMs and HAAs,
representative materials of DBPs, THMs and HAAs are measured after jar
test to examine the removal efficiency. Ferric chloride is showed 81.2%
removal DOC in optimum pH condition. In case of Alum, the removal rate
of THMs is showed 69.9% THMs removal in optimum pH condition. The
removal rate of HAAs is showed 89.4% at Ferric chloride in optimum pH

condition. In case of Alum, the removal rate of HAAs is 747% in
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optimum pH condition.

In the NOM, the organics are classified according to the characteristics,
and the DBPFP (Disinfection by-products formation potential) and the
degree of elimination by the jar test are examined according to the
characteristics. THMFP (Trihalomethane formation potential) is high in
order of hydrophobic and hydrophilic, and THMs are produced in order of
humic acid and fulvic acid in hydrophobic. HAAFP (Haloacetic aicd
formation potential) shows the same tendency. The removal efficiency of
THMs 1is improved 23% for fulvic acid, 10% for humic acid and
hydrophilic as a result of optimum pH condition better than optimum
coagulant dose. In case of HAAs, the removal rate is improved 4% for
fulvic acid, 196 for humic acid, 102 for hydrophilic as a result of optimum

pH condition better than optimum coagulant dose.
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2.1 Humic substance @4 2 EX

2.1.1 Humic substance =4

Junk Publ.,1985; John Wiley & Sons, 1965).
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& A 2y sA4AY JAdE25YH FAEE NOM =3k A8
o} X%+ NOM2 durdgo=w  PAPC (pedogenic and aquaginic
proteinaceous compounds, 5-10%), PAPS (pedogenic and aquagenic
polysaccharides, 10-20%), AROM (aquagenic refractoty organic matter,
5-20%), PROM (pedogenic refractoty organic matter, 5-20%)% -4 & o]
A 9 tHThurman, 1985). Zt AFEL B2 33gES ¥3stn A, 2
as W 3gEE2 s = Hq A4S 7HA2 9. PROMET
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2.1.2 Humic substance® 54

Tl A humic substance® +FH-< EY W humic substance®] i+
grjol A ErElal, ol Aol 2A it Eo] vk Oden (1919)2

Aoz EY Yol EA3tE humic substanceE wF3h=tl lojA Lt

Aoz [AHI = AAE

A8 AEHE =X e EZES fulvic acidglal A A EM  humic

1I.

}13, humic substance & 2k 4719l
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coalE humin® 2 WA S ®4Q 3L, humic substance +HFHE ¢ A



M

NATE A A FEH o R B3 humic substances &34 S 7]
© 2 humic acid®} fulvic acid, humin®. 2 /%3 2t humic aicd<
F7IEANA & FHE EAstL oM e B8 AHlE A,
fulvic acid= 97143 2HAdolA BF && AU EA3 humine 4t
A, A7 dEdlM B 28w EA A tHEdzwald, 1979).

Thuman (1985) Al 4% <] humic substance®] F+x& 3=, AU
Hog 1 W o glzBE Ao g FAE 7 fulvic acidE humic acid

of Hla] Aol =1 thHEY A FEF7F humic acidol] Bl &l fulvic acid

S 2-108) 9 o] gfF3la 3o], AxTIF £EH] =2 Fa3E U2l
Aok A4 o2 humic acid®] © & x4 2719 ¢ B ¥H=7] dFHF

W3 humic acide] &FA4 A she] fAle] Hrt}. ¥uk oy} fulvic acidoll

& 6L 71 AFERYe AHbato 2 Q13 humic acideE AUld oz ¢

W 3} Al 7] 3L carboxyl, hydroxyl, carbonyl, phenolic, alcoholic, methoxyl 2%}
4715 7 WS sstEE dE A dthEdward et al, 1995). &&€
Fulvic acid®] ##}= 2 nmo]iL o|& ko] 1AL HA 60 nmeolth. HEF
ZR2ol=4 DOC7F %ol EAstA He=dH ols FEol=4d DOCe=
humic acide] & AggA ol A Eo] 2-50 nmAP =] claye} 2, &F1|
w ARstEd Adsint iR FFelA FEol=4 DOCe= °oF 10% 73
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Fig. 2.1 Structure of fulvic acid (Kim, 2002).



Fig. 2.2 Structure of humic acid (Kim, 2002).

2.2 Coagulation mechanism
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2.2.1 Double layer compression
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2.2.3 Sweep floc mechanism
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2.2.4 Interparticle bridging
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Fig. 2.3 Schematic representation
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(O’Melia, 1972).
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2.2.5 Coagulation mechanism of NOM

PFEY T Frlee Wl HAeE wa o, a1 Hits Wl &
datoltt. ezA 7E28A71(CO0)S oM =7I(NH)E 7He f7l&E
Fig. 248} 22 o] 23} Rbgo &dte] s wA €t

R = B + H
N S T\,

Fig. 2.4 Reaction of ionization.

oleld whgol meh f71BAe] EWAsE Sol9 pHol we sl

€k 5 pH7l S7hstel web 9o whee X ow s A
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PEe §EYORA YA BROImI $IE I Aot Ak
A4 BAI NOMS $4¢) Aol g e Table 213 2ol Lok + 9

4 o

Jarvis  (2004)e] AFte]  9J3H  NOM<> charge neutralization,
entrapment, adsorption, complexation®] ¢]3] A A7} @cta sk}t Fig.

25 77kl AA MAUEES 2hem e Aot

4

ENTRAPMENT
DESTABILISATION

NOM .
NOM -metal complexes Charged soluble metal ions

hydroxide

ADSORPTION COMPLEXATION
NOM NOM and metal hydrolysis species

NOM-metal complexes

Soluble complexes

~

Precipitation of

hydroxide insoluble complexes

Fig. 2.5 The possible removal mechanisms of NOM during
coagulation (Jarvis et al., 2004).
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Table 2.1 Comparison of dilute clay suspensions and humic
substances

Dilute clay suspension

- Optimum pH 65~75

- Minimum residual turbidity independent of pH

- Increased conc. slightly reduces coagulant dose

- Dose and optimum pH changes in presence of humic substances
Humic substances

- Optimum pH 5~6

- Minimum residual color dependent on pH

- Increased TOC increases coagulant dose

- Dose and optimum pH independent of presence of clay

Qugon $HTAL AR eARd, §7) odRd ¥ e ogud

HoE ¢ B A FoEn =3, SRl oA, dZElE, TOC
o] ¥%, pHel ¥3FE& e 459 TOCsES &= wabA, 15
~50%°] TOC AAE&E Helt}h enhanced coagulation® FE7-8 NOM
o] A A 9t} enhanced coagulations ¥ EHE A AES XA FHHA
AA FAEL A AEFLE B oolyg, & fUSENAE AA
st Aol ok Zhao (2013)e] 9jst¥, dWkAQl S EY enhanced
coagulation®] DOC % DBPFP A A& & 0] 20%

k)
o
i)
kl
1o
&
2

°
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Coagulation —'){ Flocculation

Transformation

Organic —% (organic » particle)

Particle -—-P{ Destabilization

Raw water

Fig. 2.6 Particle and organic matters coagulation (Youn, 2009).
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1

ol

E = ligand2l $tH(Stumm and Morgan, 1981). g+ 23}
=3} ligand®] Aafel whe} wjo] 24, Fol4d B Fol 24

5 sty T4 o] zt= #3 g E-S mononuclear, 34 o]

iy
o
=
L
24
kR

rlo
ofy
ul
T
o

hu o
-

~
o T4 o2& MMAAY AR A 5-9 #sEES polynuclearst FHr

1) Fe(I)®] 7}l
Fe'oll th3l 7leiele F5oA 7FeRaso] A EE Fe''ol&9 2
A7l ligand *|3FHES-o 2 o] Foj Xt} Monomeric Fe(lll)e] 743l

THe 18T 45 =l 4 25 ~ (2-9¢ 2
[Fe(H,0),’" + H,0 = Fe(H,0),OH*" + H,0™" (2—5)
Fét + HO=Fe(OH)*" + H' (2—6)
Fe*" + HyO=Fe(OH); + H" (2—7)
Feé + H,O=Fe(OH), + H" (2—8)
Fe*" + H,O=Fe(OH), + H" (2—9)

9 Ae) wge A-grug oA golel pHol olskel o7 335

Txo] 4ge v, Adnkgow st T2 pHF Sl wE F

2) Al(IMe] 7F4=%-3]

FFEFe FEAlA ArEe Hels Aol A, ArTae]
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E 2+ monomeric, polymeric species, precipitate’} AT =8 o Abof A
Al 7F F#3 =4 w, 3 %2 mononuclear speciesi=
polymeric speciesE AAH FHF 7l alibE<Ql AIOH)s(s) AEoZ Aol
Hrt o]¢} ol AN 7ledal B A= I4AFE S EokdA
3 29l Fo ol Fig 2.7 &FulE o9 =©gA WS

8
9 Aol L, Fig. 288 AMDe] 7beial s g s 448 ekl sloluh

)

AltH, 005 AI(OH)(H,0)Z"

Fig. 2.7 Deprotonation of the aquo aluminum ion
(Khanh, 2009).
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Aquo Al ion Al(H,O)3*

l l—> Hydrogen ion

Monouclear species Al(OH)(H,O)s?*

- ———
[ ————

—>  Hydrogen ion

Polynuclear species  Al,,0,(OH),,7*

| i
1

| —— Hydrogen ion
I

Precipitate Al(OH)s(s)

o ———

[ l—) Hydrogen ion

Aluminate ion Al(OH),

Fig. 2.8 Aluminum hydrolysis products (Letterman,
1981).

2.3.2 AI(I) ¢} Fe(I)9 €314

mononuclear AI(IMN) ¢} Fe(Ill) species®] pHol W& solubility diagram<
Fig. 29¢} Fig. 2.100 YEtWA ot tixAld o= AN Fe(lll)+= pHell w
2} species7t @tk Fig. 299 Fig. 210& 2¥ A Fe(Il)<]

speciest™ mole 5% pH ®H3}lo] whz} th3k mononuclear species® &

A st=d o] Table 2.20] YEFU QA
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Copyright @ The McGraw-Hill Companies, Inc. Permission required for repreduction or display.

F 3+
g Adsorption-destabilization
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\\ \ Sweep coagulation
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g 7 SRR R
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g / /e
;- N i v e
5 L1 ] A
3 \
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Restabilization zone A
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Fe[OH] \
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pH

Fe Cl, 6H,0, mg/L

Fig. 2.9 Solubility diagram for Fe(Ill) at 25C (Amirtharajah and

Mills, 1982).
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Fig. 2.10 Solubility diagram of AI(II) at 25C (Amirtharajah and

Copyright £ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Table 2.2 Reactions and associated equilibrium constant for
aluminum and iron species in equilibrium with
amorphous aluminum hydroxide and ferric hydroxide

Acid Equilibrium Constants

Reaction Equilibrium
Constant Range, log K
Aluminum, AI(II)
Al(OH)3(s) + 3H" — A" + 3H,0 Ko 9.0 ~ 10.8
Al(OH)s(s) + 2H" — AI(OH)* + 2H,0 K 40 ~ 58
Al(OH)s(s) + H' — AI(OH)," + H0 Ko 0.7 ~ 15
Al(OH)3(s) — AI(OH)3 K -42 ~ -6.1
Al(OH)s(s) + H,O — AI(OH), + H’ Ko -77 ~ - 125
Species not considered: Aly(OH)s""
Iron, Fe(I)
Fe(OH)s(s) + 3H" — Fe’ + 3H,0 K 3.2~4.891
Fe(OH)s(s) + 2H" — Fe(OH)*" + 2H,0 Ka 0.91~2.701
Fe(OH)s(s) + H" — Fe(OH)," + H,0 Ko -0.779 ~ - 25
Fe(OH)3(s) — Fe(OH)s K -8.709 ~ 12.0
Fe(OH)s(s) + H:O — Fe(OH); + H’ K -16.709 ~ -19

Species not considered: Fe(OH),",
Fe3(OH),™"

* Source: Benefield et al. (1982), McMurry and Fay (2003), Morel and Hering
(1993), Nordstrom and May (1989a, b), Pankow (1991), Snoeyink and Jenkins
(1980), Sawyer et al. (2002), and Stumm and Morgan (1981).
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ol#13t EAS 7}A ferric chloride®t alume DOC AAES Ay Hd,
Wang D. S. (2013)¢] Ao ¢]3} Mopanshan reservoirs 9= ARE
3t A& o] DOC A7 &L, ferric chloride®] 7% 70%, alum® 7% 58%
£ HA3, Xihangdao reservoir? HTE A3 AFHo|AM = ferric
chloride®] DOC A AE&L 51%, alume A|AE&L 38%= YEYT H Il
EI

AdurA o7 glum® A$ FHZ pHe A& 50~6501, HZF pHelA
DOC®] AAES 25~67%¢etal el 3t} ferric chloride® 7o+
A4 pHe 45~60°/W, DOC AA&L 29~70%= L&A Uk
(Matilainen, 2010).
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2.4 Disinfection by products (DBPs)

] ojfF aFFAES S MY, Folud thE 7w o THES =
132 A Foll T A7t 4o E AFS FE R dHA Arh(Arora

T, trihalomethanes (THMs)& Al oy gholl &5 Fi1, Eiole] A&

, B2 FUIsdEES SHSE Hal Ui, o s A
Y B2 25 7FX 2 At (Thurman, 1985; Swietlik et al., 2004).

Table 2.3l Cl,, NHClL, O3 % ClOz0ll oA AP H= 98 Fa3 &
ERANEES YEMY A tH(Stevens et al., 1989; Xie and Reckhow, 1992;
Glaze and Weinberg, 1993; Richardson et al., 1994; Najm and Krasner,
1995; Cowman and Singer, 1996, Kransner et al, 1996). Rook (1974)-
A FollM= SAA Fskou dAas A3 Aol chloroform,
dichlorobromomethane, dibromochloromethane % bromoform®] 47}#] <t

27 3gE 2 o|Fojx THMso] A= AL HS B 3t T3
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A sy THMsoHY] AaAd s &3 AT A% fdsdol
THMs® dyEd= 2895 W3 Fig. 2113 Fig. 212 THMst
HAAs & USEPA°IA FAIstaL = 25FAELEY] +25 YEd A
o]t}. Babcock and Singer (1979)+= 94 Ao & A% += THMs &
e 759 TOC sx9k dxeh oA Aokl Hisksitt. NOM<
&2 = hydrophobic® high molecular weight (HMW)7} 7} Q.3
DBPs AT E4d2 <84 dtHua and Rechow, 2007; Chen et dl.,
2008). Krasner et al. (1989)-2 1983l A] 19891 Alolo] w2 <

23 B AFEFS Ao F trihalomethanes (THMs), haloacetic acid

-

(HAAs), haloacetonitriles  (HANs), haloketones, chloral hydrate,

chloropicrin ¥ aldehydes &2 WA &S 2AMSH A3 714 @Wo] @St

AEHNET} 22 A=RAES THMsOZ 2AMES I, o1& o2 HAAsE
ZALE ATh E=3, THMs9F HAAsS Hit SAFe] 749 THMs”F HAAs
Hot F 9] Az =8 Aoz ZAEYY
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H

Cl Cl

Cl

chloroform{trichloromethane)
CHCIls

Cl Br

Br

dibromochloromethsne
CHBr:C1

Cl Br

Cl

bromodichloromethane
CHBrCl»

Br Br

Br

bromoform(tribromomethans)
CHBrs

Fig. 2.11 Structural formulas for THMs
(Sim, 2008).

Cl o
I
H-C-C —OH
i
H

Monochloroacetic
acid

Monobromoacetie
acid

Cl=C—C—0H

Dichleroacetic

(v] ci 0O
in

Ci—-C=C—0H
1 I
H Cl

Cl
1

Trichloroacetic

acid acid

Dibromoacetic
acid

Fig. 2.12 Structural formulas for HAAs (Krasner,

1989).
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Table 2.3 Major disinfection by-products formed during
disinfection of drinking water

DBP C(Class Individual DBPs Chemical Formula
Chloroform CHCI;
Trihalomethanes Bromodichloromethane CHCl,Br
Dibromochloromethane CHCIBr
Bromoform CHBr3
Monochloroacetic acid CH.CICOOH
Dichloroacetic acid CHCI,COOH
Trichloroacetic acid CCl;COOH
Haloacetic acids Bromochloroacetic acid CHBrCICOOH
Bromodichloroacetic acid CBrCl,COOH
Dibromochloroacetic acid CHBr.,COOH
Tribromoacetic acid CBr;COOH
Trichloroacetonitrile CCl;C=N
Haloacetonitriles Dichloroacetonitrile CHCI,C=N
Bromochloroacetonitrile CHBrCIC=N
Dibromchloroacetonitrile CHBr,C=N
Halokdtones 1.1-Dichloroacetone CHCI.COCHj;
1,1,1-Trichloroacetone CCI3CH(OH),
Miscellaneous Chloral hydrate CCI3CH(OH),
chlorinated L}
organic compounds Chloropicrin CClI3NO,
Cyanogen halides Cyanogen chloride CIC=N
Cyanogen bromide BrC=N
Chlorite CLOy
Oxyhalides Chlorate CLOs
Bromate BrOs;”
Formaldehyde HCHO
Acetaldehyde CH3CHO
Aldehydes Glyoxal OHCCHO
Methyl glyoxal CH3COCHO
Glyoxylic acid OHCCOOH
Aldoketoacids Pyruvic acid CH3COCOOH
Ketomalonic acid HOOCCOCOOH
Formate HCOO
Carboxylic acids Acetate CH3COO
Oxalate 00CCOO0 *
Maleic acids 2-tert Butylmaleic aicd | HOOCC(C(CHj3)3):CHCOOH
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Aoto] AEEAE AAYES-S humic acid®} fulvic acid”}
Abshabgo olE] FAS Hum FEAE S, oA} AT HESSY

A2ERANES AASE W0l A tHRook, 1977; Larson and Rockwell,

Cl 0l
HO Ol 0 0
HOCI A
Cl + 1120
R| R3 R] R].
R, R
G
N c
cil 0 C
Bc 0 ‘ ¢ ¢ L0
e a Con s 9 1 o
N b l |
R/ \c/ Ry R/ \g/ R,
}iv R,
+ Hy0: + Hy0
CHyCly CHCI,COOH CHCl;  CCILCOOH

Fig. 2.13 Formation of major organic halide
products from fulvic acid (Rook, 1977).
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Peter et al. (1979) Humic acid®] G4 g o] ¢33 THMs AJAdHre<
oS3 o] H skt

ATEA - d2A3) - 7feie - THMsA8Y 0 ——————— (3-1)

Ared - Ast - =g}~ Tleedel - THMs A8 ——————- (3-2)

ATFEdo] A3 dasty ol A3-1olAe A48t HEHE7 33
W} 2 31 resorcinol, naphthoresorcinolo] A+ WFg-o] 18 o] <=3t}
] =27] i, o] ¥v-&H
2ol os) 445 = THMse " 22 vl&=2 & 5 912w, humic acid

s gael M F2 4@ s Yol THMsE Yy actn 2

o

28 Y humic acid®] THMs AAEEE= A

PN
T A
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31 A8A=8
3.1.1 9543
B oAgel A Agsel A% At dED R deAsgA 25
g AER 20 L FekaY Tom #uete] 200 L Zdk2Y Sol Batsto]
Ade AU AR FHFs FAR AL, s Aldls 2
FAG W wRe] 29 F 45008 A5E AASA ek Aol
AHEE Y59 32 Table 313 2t}
Table 3.1 Characteristics of raw water used in experiments
Item Unit Raw water
pH B ¢~ 9.3
Turbidity NTU 310 ~ 475
UV cm’! 0.059 ~ 0.108
Alkalinity mg/L as CaCOjz 455 ~ 712
Chlorophyll-a mg/m’ 105 ~ 66.2
DOC mg/L 249 ~ 359

312 S3A XA
2 AFdAM AEE S-AE F7ISHA 5 AlAl S-AS FeAl 3
AE WHESE= alum (Al(SOy)3-16H.0)3} ferric chloride (FeClz-6H-0)E

ALttt Ao AlgH $FA= 025 M Stock solutiong A F3 &

10 g/L (as Al, Fe)= 3]4]3}F dosing Solutiong A|Z3}o] dtF F<F A

_31_



oo A ey mE E2W e Standard Methods (APHA, AWWA,
WEF, 2012)e] we} A=At 435
t}.

e

w27]7]1%= Table 3.29F %

Table 3.2 Analytical method and instruments

Item Instruments
pH pH meter (Thermo ORION 4 STAR)
Turbidity Turbidimeter (HACH, 2100AN)

UV UV spectrophotometer (UV2600, Shimadzu, Japan)
Chlorophyll-a Centrifugal separator (HITACHi 05P-21, Japan)
Jar test Jar tester (Phipps & Bird, model 7790-701B)
DOC TOC Analyzer (TOC-V, Shimazu, Japan)
THMFP Gas Chromatography (HP 5890)
HAAFP Gas Chromatography (HP 6890)

(1) %= (Turbidity, NTU)
7171= HACH 2100ANS Abgsto] SAstlar, 54 4 0~4,000 NTU
9l

5

TE&HNO R calibrations HAIZ & Al5E FAHIIAT Alse 73
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E50) cellol EAsSl ZAekD oM, cell Wol 7EA H7A @A F

s 2A ¥ Zgstar.

(2) UV (UV 254 nm absorbance, cm ')

oftt

oAe] Frled sFEES FF5olA lignin, tannin, humic =2 59
e AT oldd Fr7lea =2 200~400 nme] <A G
AM Hd FF=E vl o8 d AAS WIS 53E(aromatic
substance), 33} A W= 3}3HE (unsaturated aliphatic compounds), -3}

Z vk 3}3HE- (saturated aliphatic compounds) % &4 1187} o|F A%

il
N
N,

i)

UV spectrometers ©]-838}o] 254 nmil-gol Al =431t

(3) SUVA (Specific UV absorbance)
SUVA+= UV/DOC (m '/mg DOC)E Uetdl= fre=A f71&e] 54
Hwsl B2 AA A=E YW= 783 AFolth. SUVA #eo] 4~5

m '/mg DOC? ¥ =2 Yveld 4% % DOM AES F2 humic &2
of ey =

2 olFoA o FHor AFgA WEHF BRI nEAYF HES
o] &3t i, SUVAZEY] 3 m Ymg DOCHT @8 A 35
DOM A& FZ nonhumicEZ & o]Fojx dow Azxor 44

al., 1990).
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(4) 2229 -a(Chlorophyll-a, mg/m®)
FFoA FREF-a¢ %S AE ZHAEY AELFS YEUE AR
2 A9 Al 9AZHS GF/F ZEHZ o33 3 oA S oA E

(9+1) 10 mLeoll Ho} Ao A 24A7F Wx] & FEH AZFHMALAE UV

(5) &7k (Dissolved organic carbon, mg/L)
FToll EAgtes £ FUIEEES UYEUE AXEE, AJREE 045 im

membrane filter2 ] 3 & TOC analyzer® %2]3}lt}.

(6) THM A4 5 (Trihalomethane formation potential: THMFP)

AEd 5 gl THMS A8 #AAsS HE W= THMFPE=

ko Ao A Z=AH S A AT A B9 =S headspace auto sampler
(HP 7694, Hewlett-packard, U.S.A)7} H=¥ GC/ECD (HP 5890 series
I, Hewlett-Packard. US.A)E AF&3to] EA48tdth. GC/ECD tfsk &
2272 Table 3.3% 2t}

(7) HAA A5 (Halo acetic acid formation potential: HAAFP)
4w FAkEd 5 el THMO A4 AAlss dHeEhl= THMFP+=

Z,
&

02!
Q
i

>
oo
=)
0
2
S
2
[
il
=l
o
ol
0
2
S
2
[
fo
lo,
o
N
2
r o
r]I.
oo
o
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B2 US EPA Method 552.2
6890 series, Agilent, US.A)E A}-&3}¢]
22359tk GC/ECDoll W3k 4] %718 Table 3.33% #t}.

Table 3.3 Analytical conditions of GC/ECD for THMs and HAAs

Condition
Item
THMs HAAs
Injector Temperature 200 C 200 C
Detector Temperature 220 C 300 C
Initial Temperature 60 C 50 C
Initial Time 15 min 15 min
Final Time 60 C 240 C
Total Flow 12.24 mL/min 60 mL/min
Column Flow 0.61 mL/min 1.4 mL/min
Gas N3 N,
Detector ECD uECD
Column HP5MS DB1701

3.2.2 Jar-Test

HoA o A AFEH Jar-tester & X+ Bird & PhilpsAte] Jar tester %

X2 6709 WurAX]E

o]

Atk =71 75 mmY

x 25 mmbo] ™
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ztzx9low ol e]E= paddle (two-blade)d Bl = &

WEE 115 mm"

x 115 mm"



x 210 mm"Ql HAzty FeEje] 2 L Jarg AHEEATh Jar testol A
z7e FEEsle) 4253t 217t 250 rpm (G = 556 sec ' at 20 C)# 40

pm (G = 36 sec! at 20 C)o 2 stgon, wHkA|7+e Z2+2 1 min® 20
min®. 2 AT &5 &35t} dEE3 7F7be] Gtgk 33,3607 43,2000] T},
Aol A8 jare paddled] AY 2 FE|E Fig. 3.10] e AT

$HAPe FAF 2 L jarel 95E ALtk $7A 29 L 2 F
F 5o 5Ax el wntEE wwAgE o e 20EE U5
Hgste] P2 WA
2lcm ."%.. ".o"’ 10cn
'*c... "‘,0" -
$ 2.5c0
/ B
~
7 7.5cm

Fig. 3.1 Schematic diagram of jar and paddle used in

tests.

_36_



323 #718 EF

XAD ©]21 842 = humic substance®] +5 984 Standard Me-
thodsZA A¢tE A HThurman and Malcom, 1981; Standard Methods,
1998). DOM< #71&9 =43 Abd @719 &siwe] wet 7 &
=4 humic acid, fulvic acid, hydrophilic acid&= XAD-73 XAD-4 <+
ofs] ®&lE 4 itk pH 29 Z7 A hydrophobic> XAD-7 54 ¢

32

=

2% 31 hydrophilic® XAD-4 A9 Fzto] dojus= AHHE o] &3ty
g g Atk FAd FFE f71E2S NaOHE o] &3to] &2A] 7]
5~100%9 IEES IS T Uk Collins et al, 1986). E2rEojz
hydrophobic &2 S humic acid®} fulvic acid® #F3}7] ¢8iA thA] pH
1 o]3t2 AFA3AA humic acide AFEE A5

fulvic acide &EAH= EA8t &7 & Aok &
= AAl 9] DOCwEE=7E w5 =7] wiEel w=A] dA 2 AAHS AA o &
o AAe AALS v 2o

o

M

O

m

@ Soxhlet F&3XE o]&3d] hexane, methanol, acetonitrile 12}l

3

Q
-
Q

=]

o,
H>
HU
)
o
=)
il
DO
=~
>
)
offl
2
e
e
ro
iu)

~
it
=
X
N
>
)

Q
T
il
off o
i)
>
L
k%)

A FAE g4 g0 1 bed volume ALy YA

Ao EAEEE 4 m/minez AA3A FA439
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7 Y

t}. AlE+ 045 pm membrane filter® o] ¥}3}al pH 22 A 3HA]

XAD-7 +AE E3A# hydrophobic¥} hydrophilics #edt1, XAD-7

FAo] &2¥ hydrophobic 22 0.1 N NaOHZ o] &3] €217 pH

12 A 3A1A kA3 A7l & 045 pm membrane filter® o] 33k of o} &
ZHrE2 Al 0.1 N NaOH=

fulvic acid® EF3 1, oA $Jo F&

4

23] A A humic acid®

B2 ot}

Filtered 0.45 pm membrane filter
before acidified to pH 2

F===-= 01N NaOH
XAD-7
Acidified pH 1 let settled
for 3 hours
mmmmmm » M M
Residue: & N NaoR Humic acid
[
L — -~ — = Hydrophobic Fulvic acid
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42 NOM AAE A% HF A Fds= AA

2 A ALY HHERE sty st SHAY FAZFES
10~60 mg/LZ A3t A&s9a3, 2 Ay Fig. 4.29F 4322 e
AT
Fig. 4.2 Wetdl vpep o] Hue] f7l& AAEES 18T wj Ferric
chloride?] HAFYsE=E 40 mg/LE <l = A} Fig. 4.39] e npo}
Zol Hieo #7lE AAERES 2od W alum® HHYFAsE= 50
mg/LE A EA. Fd3 dFvad 7Y SEE&S AHn st
7] 918t 2472 Al mM, Fe mM= YEFWS W ferric chloride= 0.15
mM, alum =% 0.15 mM=Z YEeEFGT Fig. 44~472 ferric chloride9}
alum®] 0.15 mMolA e AAd™ & 5o Aot AA&S vebd Aol
A AFadd mE AAES 7Y HR&A Hee As FAd -
AAH. o= DOCO s&=7 =& o AALEL2 LA FF DOC7
g B7] Wol A4 DOC s&=7F okt As F90d 5 AU
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Uebd RS 3Held 5= vk Seo (200009 Aol 98, UV AAE
°] DOC AAEHT} &

ol

o
.|_,
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7F AR AAFHS vElUE ddolgta H skt Christian Volk
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Fig. 4.4 Characteristics of residual turbidity, UVss and DOC
when using 0.15 mM Fe.
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4.3 NOM AAE 93 F3 pH AA

WEE SNA SHAT WA FUF O pHEAS BE A FAFES R
o $HAY A Feld el FNF WA FY F SHAS FYshe] 4

& APt pHEES 918 05 N HCL, 01 N NaOHE AR&3k3l o
W, dqHl A A= Fig. 483 49914 vedllen, H24 &3 pHe ferric
chloride®t alum %% pH 552t= ZS &9& 4 A Fig. 482 ferric
chloride® ## $% pHE =%3t7] fla A3 232 pH7EF stopx ol
w2t DOC, UVyss® =71 YolAl= A &ed 5 AT =+ pH7F
ol e wEl & Wl gAY pH 50904 st 2s 39 5
UATh Fig. 49+ alum® FH4 3 pHE ==5H7] 98] 28 23=,
pH7} Sopfle] wel DOCe UVosis #&dte 3s g1 & AATh
ferric chloride¢}+= ] alum< pH7F Sold Wl & Fssie 3As &
olgr 4= 94Ut} Christian Volk et al. (20000 43 pHE $7 A9 £+
o} Algo wet delAa #HA pHEALS ferric chloride’} 4.4~6.70] 1L,
alum> 56~71°2k3 Hastgirh dwt oz NOM &34 7HE o34
ol pHE= 5~622 <44 dtt (Hubel & Edzwald, 1987). Chowdhury et
al. (1995)°] Haro] &gt TOC Al A&l 7% A=:E pH 80014 7.3~
7002 ZaAgo A TOC AAE] 25% F7Fstittal Halsklvy, s
< pHelA ] SR EEo] 2 o|f= pHA ©WE {7|E SA4Wste &
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Fig. 4172 A9 & & #71& A AAZEE Hed zo=
0.15 mM Fe®] FeCls3-6H,O +% Al fulvic acid®] A|A &l 39.9%= e}
W3l humic acid’} 53.3%, hydrophilice] 59.5%% el f7] &5 2 S0
AAE= WlAYSS entrapment, destabilisation, adsorption, comlexation
of oJa AAEY <A Atk(Jarvis, 2004). =L %, hydrophobico] F =
AAE= wWlAYSES charge neutralisation¥} sweep coagulation®l] 2] 3gF
Z1o] a1, hydrophilice] AAE = F8 W7 YEE charge neutralisation©] 2
a1 &4H A QA Ghernaout, 2014).

FTAdxAANA pHE A3 A3 AALL fulvic acidE 63%, humic
acid= 63.2%, hydrophilic 69.9% 2 453ttt As5FAHEe] Ao 7}
Z we fulvic acid® AAEELS oF 23%= 7P o] AFstia, @9
DOCH A=Ak Aol 7HE ol ¥+ humic acid®] A|A&2 9.9%

o stk ol pHZF ol wal sweep coagulation®] <3 3Fo] o

Fig. 418 alum°] #71% AEYE AAAEE el Aoz 015 mM
FYAl fulvic acid= 36.6%, humic acide 53.1%, hydrophilice 51% % U}
iyttt pHE X433 A3 fulvic acide 41%, humic acide 53.7%,

hydrophilic> 60.5%= g5 ste= AS g1 = AT
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Fig. 4.17 Effect of coagulation chloride on organic fraction of
DOC (coagulant dose: 0.15 mM FeCls).

2.0

I Raw water

= 0.15 mM Alum

B Adjusted pH 5.5 (0.15 mM)
1.5 +
1.0 H

DOC (mg/L)

e

Hydrophilic Fulvic acid Humic acid

Fig. 4.18 Effect of coagulation on organic fraction of DOC
(coagulant dose: 0.15 mM alum).
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452 SR g3 25HAAE A7 EA
Trihalomethanes NOM¥} ¢4
7Hd EAQ TEARA Aoy Fholl E4S FaL Hlotol Al of2] T}
A Hol & doy|= Aoz Ll JquH(Wright et al. 2004; Ristoiu et al.
2009). ol#1g THMs= AlAst7] 98 32 § THMsE A% 234
= Fig. 4.199 42022 YelA Y. THMs® +4-2 chloroform, bromo-
dichloromethane, dibromochloromethane, bromoform 4%< =% 3} 31t}
WA Fig. 419% ferric chloride® 2@ Z2#E Yeld o= 015 mM
ferric chloride® Y3 23 THMs9 &%+ 704 pg/LoA 22 ug/L=
68.7%% AAES EAL, pHE =43 23 815%9 AAES HEWUT
pHE =ds 23 AAEE&e] &F 13% I3 AS AT = AT

alum® 4%+ THMs® % 704 pg/LAlA 344 pg/L=E 51.2%° AA&

A AAE] ¢ 19% FdE AS g1 5 AU} Tubic Aleksandra,
et al. (2013)9] <AFo o5k ferric chlorideE o] &3] SFol <%
THMs AAEo] 47%etal B skt 2 Aol X+ ferric chloride”}
68.7%, alume] 51.2%= ferric chloride®] 4% ¢ =2 AAES UEY A,
alum®] 7-% "3k Al Ao YErRE
ferric chloride®} alume AAZES W] IS u, & =%

ferric chloride7} alumX.th ¢F 12% AAGEC] £ Zo=Z YES
ferric chloride¢} alum 0.15 mMolA 4 pHE &3S wo AALES
Hl s H kS ui, ferric chloride’} alumell W3] 11.6% A A& &0 £
Ao = ey
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Fig. 4.19 Comparison of THMs removal using 0.15 mM ferric
chloride and alum at optimum pH.

SHAAY FAFS =017 f8A HASHATAFES A2 solA
pHE ZxHsto] HwAFS AAlstdt). Fig. 4202 S3A9 H4 F9s
E2 0.15 mM BTt AL 0.1 mMolA pHE %43 ferric chloride®}e] 2
W2 vwd Aeolt, 2 A3 015 mM alumeolA Bt} 13.8% A A & &0l
st Aoz el agla pHE 43 0.1 mM ferric chloridei=
0.15 mM ferric chloride®t ¢F 5%¢] A& ztol& HATE o]+ Mg

AAEES 7HAEA SJAE 325% v A48 5 dvta Ao
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Fig. 4.20 Comparison of THMs removal using 0.15 mM ferric
chloride, alum and 0.1 mM ferric chloride at optimum
pH condition.

<3 $ HAAsE 43 ZAE Fig. 4199 42002 e
HAAs®] =742 monochloroacetic acid, monobromoacetic acid, trichloro-
acetic acid, dibromoacetic acid 5& S SA3AT. WA Fig. 4.19% ferric
chloride®] 2dA3E vebd Aoz 015 mM ferric chlorideE T
A3 HAAs® s%+ 797 pg/LolAl 11.2 pug/L= 85.9%° AAES HA
i, pHE =43 A3} 894%°] AAES YEWT alume 49 HAAs
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A3} 747%2) AAES e Tubic Aleksandra, et al. (2013)9]
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Atk . AFel A= ferric chloride”t 85.9% alume] 7% 69.9%= ferric
chloride, alum B+ T3 R ¥ =2 A& YES
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