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Abstract

While a range of natural organic matter (NOM) types can generate high levels of disinfection by-products (DBPs) after
chlorination, there is little understanding of which specific compounds act as precursors. Use of eight model compounds
allows linking of explicit properties to treatability and DBP formation potential (DBPFP). The removal of model compounds
by various treatment processes and their haloacetic acid formation potential (HAAFP) before and after treatment were
recorded. The model compounds comprised a range of hydrophobic (HPO) and hydrophilic (HPI) neutral and anionic
compounds. On the treatment processes, an ozone oxidation process was moderate for control of model compounds, while the
HPO-neutral compound was most treatable with activated carbon process. Biodegradation was successful in removing amino
acids, while coagulation and ion exchange process had little effect on neutral molecules. Although compared with the HPO
compounds the HPI compounds had low HAAFP the ozone oxidation and biodegradation were capable of increasing their
HAAFP. In situations where neutral or HPI molecules have high DBPFP additional treatments may be required to remove
recalcitrant NOM and control DBPs.
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1154 B|F - ASE -
products, DBPs)-& A4 A|Z1th UHFA © 2 NOMo|
A 7V w8 s E Y= DBPs 52
trihalomethanes (THMs)¥} haloacetic acids (HAAS)
7} K (Kristiana 5, 2012).

i amiiks Ao I nAlE dARE
ool EA5H= NOM 2] -5+ 9 4, Br &%, pH,
HRSAZE 2= 9 g4 % So|ti(Krasner, 1999).
T2 NOMZ tefgl f7]8Rtao] S| = &4
sh, =271, 3ot 249 2 W e EA4E
= NOME| fefieh eafjel o] whe} T2 2ol&
UERHATHChin -5, 1994). o] thef3t DBPs A44d<
A} BINOM 9| 22| £/4J0] DBPs Aol 7] *]= F
aFoll thet thet dA5o] gol 23Fo|thGoslan
5, 2008; Son 5, 2004a; Yang} Shang, 2004).

Hwang 5-2] A7-237K2002)0f14= 2448 F71&=
Aol vlsl| A4 F71=8 S04 =2 DBPs A4
5= RSk oy, Liang¥} Singer®] 1A}
(2003)0ll A= XA F71=dE vls) 204 771
=450 DBPs A4d50] 2 A or Bashal §)
o). o|A Y K AtATEo] = o= 7
7N Al &= Fofl E-E NOM 9| 2/4do] | 5446
1, ZFZF NOME0] A2 &3t o] 2A5}7] wfjiZo
a7 ol el Z2+e] NOM AlAEA Ee= 212t
NOM&| 5/dof| w2 DBPs A4 5455 aelstr]
2 uf-9- ok wheba] HLoll= 45l EAsh= ot
e NOMI}E GARRE 545 Al ofg] RdEdE5S
olg81o] A=A NN ZH7te] NOM A|7154 B
1= 2172] NOM©] S4oi] ke DBPs 44 SA50
ol 2k sk Sl AAIE L SlkKimat
Reckhow, 2008; Reckhow -, 2004).

wepA 2 AtoA s A Soll BRtt FE
2 EAsk= NOM=of| sl =2 57832 Al
A 54 B} olEelM Y At A S
H71517] 918l 4 - (hydrophobic- and hydrophilic-

Table 1. Characteristics of final treated water

neutral 2 hydrophobic- and hydrophilic-anionic) 2] 8
o) HAlZAES st 84, ol B4 &
2, ozis) Wl AERe) A8 ST ¥ RuEy

M Z7}0) AAEAS 112 DOC SR B,
AN

2.1, A M=

2 Ao ARE-H 8F9] Bl glutamic acid,
glycine, leucine, serine, mannose, xylose, tannic acid
4 resorcinol-2 <=t 99% o Ake] EFA|2K Sigma- aldrich,
USA)S ARE3IIT]E AlEaE Z<4a(Millipore)©f| 300
'/ Aelgape] o F BT BHE 2 I
A2l pilotplante] % HelE BT T
(F-400 Ak, Calgon, USA)ollA FEA|FAZE 30
o oA A st Aol 8
(dissolved organic carbon, DOC) =7} 0.2 mg/L
skQl A5 Aol ARESHTE Tl AlA
ARollA 4, o] 2t 2 S/der F2F AR AR
H Alm42] A9 459 DOC F%=7} 10 mg/L7} =
L5 2ABI o, & 9 AEde AH o B
52 DOC =5 5 mg/L A5t A3S 3y
S}GATE Table 10i= 2 Agof| ARG-H 254 249
& HeER o™, Table 20= Aol AR 8
T HAEAE] gt =2 - 33HAQ1 A4S Vet
W3iet

I\
ox,
P

{

4
o

N

]\__

2 B AL

(phipps & bird, USA)E AR83Ilon, S3Ale o

57 skl AT Aol A wol ARk 771

pH Turbidity DOC Alkalinity Temp.
Parameter -
(-) (NTU) (mg/L) (mg/L as CaCO3) ()
Value 6.8 0.06 0.18 28 18~21
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Table 2. Physicochemical properties of model compounds (Croué -5, 2000)

Compound Structure Log Kow M.W. Classification Chemical group
o o}
L-Glutamic acid HO OH -3.69 147 Hydrophilic anionic Amino acid
NH,
o]
Glycine -3.21 75 Hydrophilic neutral Amino acid
L-Leucine -1.52 131 Hydrophilic neutral Amino acid
(o}
H H
L-Serine HoN ’ -3.07 105 Hydrophilic neutral Amino acid
OH
CH,0OH
D-Mannose <OH 89 -3.24 180 Hydrophilic neutral Carbohydrate
OH OH
HO 0
D-Xylose HO -1.98 150 Hydrophilic neutral Carbohydrate
Tannic acid TN NA 1701 Hydrophobic anionic Phenolic
HO OH
Resorcinol \O/ 0.80 110 Hydrophobic neutral Phenolic

IEA -SHAR] PSO-M(ALOs 7%, AA3Fsh<
SO, ARG pHE 7 BEow 2
PSO-M #9552 2|t 100 mg/L7HA] £¢]8}o
o AAL-S AR

O|2EPRE AR 5] HEEE AA A
oj A o] ewel=x]= MIEX® (Orica, Australia)Z
ARgaRlom, 2 L 832 jarof Al 24A17F F<F 100
rpm O & WHIAFTE AlR49] pHiE 7 FtoR X
Hsto] A om, MIEX” Rt Zef 100
mL/L7}A] E)3te] Zof A A& AT

et SERAELS AuA AIEKHF-400, Calgon,
USA)S 23 Eafsto] Ado] ARgstalon, 300
mL -§%2] BODWo|| pH7} 7 Bt = 2HEH AR
22150 mLE F]8t 3 0.2~25 g/L O] E 2 Hargt
Aekg E915}0] 24 A7k Z0F shaking incubatoro| A]
20°C, 100 rpm 2.2 wHHA] AL},

B

oEAY AYE Andel pHE 7 $2om 24
37 10L §o] 08 HEZE ol g0l 204 53t
2-10 mgl BER 9ES EQsigon], 0& Y=
3 NayS;0;3 (Junsei Chemical, Japan)& AR5l %t
Rozo AAs Ak

A A 237 AP PR s
biofilter 2 -2-74%] anthracite 23 2] A}<2Fo]|A] anthracite
2 A1) 2 ofe] W AET FpHE 7 B
o 2] 5EE 7] JUBRE FU(Goel 5,
1995; Son 5, 2004b)3F A|&E4> 150 mL7} YA QL
1300 mL §559] BODo] 5% 2 g4 £5to]
shaking incubatorof|A] 20C, 100 rpm2] wWHFZZ 9|
A 87k A EEE TS stk

QA £EHAE A A Aot L=
F 89123000 mg/L o) SR 5415}0] 21740} wel
EAE0] g-4-% 300 mL BOD®o]| 20 mg - CI/L2)
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1156 3% - AR - 3
L2 2915t B pHE 6.8~7.22 2A31] 20T ¢
Arof|A TUZE e} REGAIF O, 7Y ol AdEH
HAA %2 US EPA method 552.3 (2003)]] 273}
o] GC/UECD (Agilent 6890N, U.S.A.)E A[g-5}o] 2

ZHuMel 2= XA EY

SHEAT} ol :@J% Aolel 852 ey
o] A7 B4 AR AL Fig. 1] deh o
Tannic-acid (Tan-A)2} glutamlc acid (Glu-A)E A|¢]
i K3} o] L T A7 &o] v A
%Z3H UERER 9lek PSO-M SRS o] g8t $3

T 749 2%~T% o) A7 &S ERgLe.
MIEX " o] 21 84:%|5 o]- -3t o] 2k T4l =

2%~9%2] A7 &< Ehfol 5 2AolA 2] A7 &
oz 2 2fo]7} oLk Tan-AS] H9L= 24 TH 2
o] Zugt Aol Al 212 89% T 91%2) Al AES K
o, Glu-AQ] 5= 217} 33% L 51%2] AlA&
2 pehf 9T} Table 20] Lheb 90| Tan-ASH
Glu-AZ Al2Je ol 650) mel BA50] 49
HPI-neutral T+= HPO-neutral JE| 2 EA)|5}= HHH
Tan-A 2} Glu-A 2] 9= HPI-anionic ¥ HPO-
anionic FE|2 Z3)5te] SR oL} o] 2wk} 7o)
53 0] charge driven?l FAo| A= H| A =2 A
A4S Vebdth E35L Tan-AS}t Glu-A 2] A A&9]
Ao]i= HPI/HPO 2fojof A i3 At ks,

100

Il Coagulation
[ MIEX

Maximum DOC removal (%)

| Wl

Glu-A Gly Leu Ser Man Xyl Tan-A Res

Model compounds

Fig. 1. Treatment of model compounds by coagulation and
ion exchange.

Sharp 5-2] ALZATH2006)0l 4% HPI A &2 (acid
9 non-acid) 53} %2l HPO AlE E3E2 ¢4F
Z| 9} humic acid®} fulvic acido] thal] -S-X-ZA0
Ao] AAES AR A3}, HPI Al =452 7
- SAloll oJgt A AE] Hth 14%~17%= ekt
Yl humic acid@} fulvic acid@] A= o A A&
o] Zkz} 84%2} 64% w3l A 02 K sl ek

O

3.2, 2B SASHML 2E=E M EY
A S-S 45 REEEE2 AlA
/3= A Z1E Fig. 20 Yepi itk Fig. 20014

»

=

E 4= 9)%0] HPO A &2l resorcinol (Res)} tannic
acid (Tan-A)2] 3-+=1 g/L A= 9] EEkA el &g
ol <18 217} 89%5k 84%] AALS Liehyglo
A} 5~7.5 g/L9] BakEbgEr Hejo] SlsiA: 22t
90% 0 86% HEE] AALS LIEfITE. v, HPI
A"l serine (Ser)T} glutamic acid (Glu-A)2] 79
= 1 g/L A=o] Erebdel xaof Qsix= 212t
4%} 42% Awo] AAS-S LR, 10~25 g/l
9] =g BulslgEl 22| E dlookal zkzh 62% 9
75% HEO] o AALES & 4= AUk Owen &
(2000)> ~5-2] NOM< 24t —g&%lxégi Al
A A5AHPOYS: Hu] 1EA BAARE A5

2o

NI

(HPI) A 24} 450 v]3) 2gete] SHzoR &

2} A A S Ao Buskgch £33, Fig. 20 1
EFJIA] aFgko) Eolst slslA ol EAL 7R
FE(oM]=AKamino acid)F 45 T EHIlE

(carbohydrate) 3 2&) 0] T2} EAJ0] A9 Ezlo] B
Afego] Z42 AT ool feldt Ao eyt
o, e} Tan-AS} Rese] 4§ ©.5]2) Habepo) 2
& Res7} @uto] F2o] Golg Ao vehfa
glom, o]= Fig. 19-%= AFsI=0] Tan-A%}
Res+= HPO-anionic ¥ HPO-neutral 4% X|Y7|
TZol| Tan-A ] 7 2/t e ae] 4 407] 2l vt
2k (electrostatic repulsion)o]] 2]3f &gk tjgt &
250l davt e Zlor deEt(Karanfil 5,
1999).

webd ReUBYES
8 vl NoM A< 52] - stet 4
A] hydrophobicity 7} 714 & 93RS uj 2=
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Fig. 2. Activated carbon treatment of model compounds.

3.3. 2 MalZHEMe REEH HH EM

LF AR A Y 4F0 HAEAE AA &
d= A& & Fig. 3o Yepli)lck HPL A =2
E(Ser} Glu-A)S HPO #AY¢ EZE(Tan-A%t
Res)oll W[ S2xjjo] ojaf wliwx] wre) 273}
(mineralization) 5+ A¥S UEHloH, 208 5
91 20 me/Le] @EEQlo] o8] 244 ALl Serzt
Glu-A= & F718k= 9l om, 244 A E<l Tan-A
o} Res®] 791 217} 94% 1 88% A= A A=) I,

Residual DOC concentration (mg/L)

0 5 10 15 20

Ozone dose (mg/L)

Fig. 3. Ozone treatment of model compounds.
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2tz]o] AYEstA oz S-S 714 anthraciteS ©]-8-
slo] FEAI7t| W2 = DOC 5 EHstE Alw i
A& Fig. 40] YeR ST obn|ieAl72l Glu-A 2} Ser
O] A9= HE 271HE wE AaeeS Uil
o, HEAIZH4Y o]Fo] Glu-A L Ser7} ZFz} Xt
75%2} 88%2] Awal&S LEFH SATh Fig. 4ol= U
Bl A] 99k o ) glycined} leucine @] ¢ HEA|718
L7HA] 2|t 93%2 82% 2] A|AE2 UEfo] ofn]
eARTO] 79 FA|IA Q1 Aol 75% ~93% =
2 UERd W Res} Tan-A 2] 7= FSAXE8
o F2t 217 Xt 40% 9 47% 2] ABEoiae e
of o] = AbR-S3t Blaste] AEsfeol W Aol &
e Ak
%3, Fig. 40l= Wbl A] &9t
[e]

o

U shatR R0l
Z|t] 52% 2 56%
1A

N

mannose®} xylose 8] 73-9-= Z}z}
o] AEwal o] AT WA AlG Rl 452 of
1) AbR-S 3t Bl asko] vl A 25k ARelee LE
YT} ]S mannose 2} xylose 2] EA}Fo] 212} 180
g/molT} 150 g/mol 2 4% olu| = AR52] 75 ~147
g/mol o B|3] Ex}Fo] AT Glu-A 2} xylose 2] &
ApeFe] 749-150 Jr2 7o) FdshH, =t X4
¢] mannose 2} xylose 2] 79 A=Al A €2l Rese}
Tan-A] HSIA 10% H AL AR HHE-S B
o}, wheba] AJEEel 30l o =8 AlA 513t
= B2 A4 9] 3F8F2] o1 JL2(chemical structure) 2}
ojoflA 7]Ql%= Ao HHE, thF o= X/ag
Lo B A7) 9 22 QIAEO] P v|A= A

2

Residual DOC concentration (mg/L)

ol L I L I L I L I
0 2 4 6 8

Biodegradation time (days)

Fig. 4. Biodegradation of model compounds.
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© 2 gt Ao} F7golA NOM AAEALS
ZAFSH Hwang 5-9] A5-23H2001)0f| A% ofu] it
o -2 AEAL acid 7F7F A E I Aol A o] =4
AABERAEZ B sk 9ok

3.5. CIISHE 2| MR g ARRUE MYs HEl
8%2] mAEAEAA Y] 9] DOC T HAA 44
%%(HAAFPMays/DOC) E‘J 8%—9’] E‘%‘I%XE]% X]'iﬂg’]
AR WSk SIS ARES) 9 0 ) Fol

0|01 419] HAAFP74,,/DOC BIZHE ZAFSE A Fig.
Sof vrEpigict mElEE Ao S] HAAFP g/
DOC9] 7% 444 AY2l tannic acid (Tan-A) %
resorcinol (Res)of| A 242+ 156 pg/mg 2 13 png/mg o
2 e} ohe 652 54 BUE9] 0.1~2 pg/me
of s} |- & A BT Tan-AS} Reso)
A9t Aaoh g Aol e B WS 7AE =
3L glo] THMo U HAA O] thgt A4l o] -g-o]sict
(Singer, 1999).

Fig. 50] Lhehil AbEe) W oatks} olele] &
A, ol e 0 ST B3 e B4 A0 7
2 W3S GHkslR| ok H] B-S-AJ(non-reactive) &
AEN4 9] HAAFP74,,/DOCY] 9= 4250 x=&
8= DOC F%=9] 7haxof H|#|sto] HAAFP 5=
Hasts Zo® Ueiyith deu St 024
2(F &F FUs= 10 mgl)= Tan-AS A 2Jskal
= o9 DOC & HAA AA570(HAAFP74,y/DOC)
= 23| 77| Ae® YEkith 53], Glu-A
9] 9= 924 7]  HAAFP74,/DOC7} | pig/mgo|
A 92 He] Foll= 25 ngmg 0 2 259 A Z7}5t
Att Z=71= HAAFP =9 tjHE0o] dichloroacetic
acid A/d'5(DCAAFP)°] 2t A|5l= A o= LES
™, 25 png/mg Zof| 4] DCAAFP74,/DOC7} 18 pg/mg
oz A 9] 78%2 21231517, DCAAFP =5 o] =
71= diketone ] FAJ O 2 213t aldehyde A3} oA
o] QJth(Reckhow 2} Singer, 1986).

839 mamAsel o guEs A ¥
HAAFP4,/ DOCE ZAFSE A3}, @A g|of| A} T
o] Wl WulEZZoAe] FAF o2 ey
Tan-AS AlQJg YA 759 HEEES)49
HAAFP14,,/DOC7} 271315t} Fig. 50| UEpd 2

of & 7Y =
Y553 E2] HAAFP74,,/DOC7} 156 ng/mg 2
2 UEe o v gEEsst exqe o
HAAFP740y/DOC7} Z}Z} 147 pg/mg®} 55 ng/mg 2 7+
2%t & wlg- Solgk Aotk Yo R 1w A
SAelpgoR el xR e biological
activated carbon) FHE 4 AERAE AELEZR
So] A7 EHAl Ao relA SEiNoh .
2002; Son 5, 2009). s}A|WF HH WA EE o]§
HAR AT A & 4= Lol HAA 52 5]
Z7pAPIE RO Uehta o] ool tiet wrt
A2 Aot AEZF B as A o= YEydth

N untreated
Biodegradation
gm O, degradation

HAAFP,, . (ug/mgC)
2 8
1 1

N
=)
I

2 3
Glu-A Gly Leu Ser Man Xyl Tan-A Res

Model compounds

Fig. 5. Effect of biodegradation and ozone degradation on
HAAFP of model compounds.

3.6. My 3Hof| w2 NOM MH EM

A Foll FEsk= NOME-2 1 7| H(origin)
T & 4= gl vl vheFe EAE0] AR S o] 9
o AR AEiA Q] Eej7t Aol E7Fssich webA
o]l EAIRH 52 NOM 5ol Z17+9] A e 574
oA o' AsE Uetl=A19}F ofd wziyEol
o} AAE=AIE Bk ]st v oHok 157]
o] 8F2] Rl EAS A7gsto] R whe] TS olA
o o] 5o gt As B7tel 3 852 ReUlEdES
A A= 5ol sl 1hets] B7hsl & 212 Table
3o Uetsdeh S o] met 34 X714
(electrostatic) Q1 glo] = L5 o g A23l= A o0&
Uehto, Shye SRl

s B 22 LS Al7Ee]

|




A SN 2d &

= O o)
AESES o8

Table 3. Selectivity of NOM removal processes

S HOAR7| B Aol 2 A5 A4S 37
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Driving force
Process Selectivity Least treatable
Primary Secondary
Coagulation Electrostatics Insignificant Anionic molecules Neutral molecules
Anion exchange Electrostatics Insignificant Anionic molecules Neutral molecules
. .. . . Hydrophobic neutral, Hydrophilic charged and
GAC adsorption Hydrophobicity Size, Electrostatics High MW molecules low MW molcculcs
. . . . .. . Large and hydrophobic
Biological treatment Chemical structure Size, Hydrophobicity Low MW acids
molecules
Ozone treatment Reactivity with O3 Reactmty with OH ) )
molecule radical

A5 2719} A7) Z(electrostatic) 21 Flo] Toisic).
A et 22 el AesAol= ofst
Al 2 ZJo|7} Aitsllea Ak 7HE 2 A
o, thi-o & AR 27|19} 24 (hydrophobicity)
o] zfojof| Al H]SE T

a5 AEE AAE iR AeAE 34
Ol A WS 8 asfibE AR g
A 244 452 SH(Es o2t )2z A

o]7} 71581, *| 2] 3 ZF&3}= hydrophobic-neutral

of Wastn, 44 BAE] Aof7t Bast A9
© ABIART} e Agelxt 340 Ado] Ba

3tk
4. 4B

£ AFolM = e Soll B8 Fei= =X
Sh= NOMEol thsf] A=Ale] 374/dolel AA 54
B} o] Sol o] ABRAE Y S-S Bt
Q3 4 F-F(hydrophobic- and hydrophilic-neutral 2!
hydrophobic- and hydrophilic-anionic) 2] 8% 2] 3]
SHES ARt 34, ol 2ugh BT S *F
At gl AEEe AES e & mdESd 42
o] AAEARL A= DOC B E& F71et9l, AL
AFE: A S-S HAA A0 7181 9ick

A5t 25742 hydrophobic-neutral 5252
AA v mypH o]l o, AEsfio] 2si=
Z15g opu)ieAlREo] A AA =k ¥ S8}

u:@

o] 2k F7gol oslix= At e B XA =
2 AA7} 7Fs3H 2 U hydrophobic- ¥ hydrophilic-
neutral EHEL M9 FS AAsS HER I &
4 EAEY BlasiE A Hpd EEE0] e W
= HAA 5= UeEtdiglon, e&4ts) gl Alawt
A% Fofi= HAA AY/d50] 3~254] F =
F7HQ AEE 8l AEske 2

Xy BAES A7) U HAA 45 Aol Basht

ox
ol
i
oL,
8 filjo
T
)
fr
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