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Abstract

A comprehensive fractionation technique was applied to a set of water samples obtained along drinking water
trestment process with ozonation and biological activated carbon (BAC) process to obtain detailed profiles of dissolved
organic matter (DOM) and to evaluate the haloacetic acid (HAA) formation potentials of these DOM fractions. The
results indicated that coagulation-sedimentation-sand filtration treatment showed limited ability to remove hydrophilic
fraction (28%), while removal of hydrophobic and transphilic fraction were 57% and 40%, respectively. And ozonation
and BAC treatment showed limited ability to remove hydrophobic fractions (6%), while removal of hydrophilic and
transphilic fractions were 25% and 18%. The haloacetic acid formation potentid (HAAFP)/dissolved organic carbon
(DOC) of hydrophilic fraction was the highest along the treatment train and HAAFP/DOC of hydrophilic fraction was
higher than hydrophobic and transphilic fraction as 23%~ 30%, because of better removal for hydrophobic fraction both
in concentration and reactivity.

Key words : Disinfection by-products (DBPs), Natural organic matter (NOM), Fractionation, Haloacetic acid (HAA), Drinking
water treatment process.
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EHAMEE(disinfection by-products, DBPs)S AJ4J A
71t} o] DBPs 0|4 trihdomethanes (THMs)2}
haloacetic acid (HAAS) 2] AJAdEFo] 713 w@e 7o
R ey QitKrigiana 5, 2012).

Tl EASH= NOME thefalal w9 E34gh
713ekEo] SR EA sl ] ol NOM 57 +-4
A e FAolA o] Asel g TRt A5l
theFsiAl 28 ar JlciBaghoth -5, 2011; Blacky}
Bérubé, 2014; Xing 5, 2012).

50 EA5k= NOM-2 o] 2 k=25 0|85}
Z}7+e] NOME0] 7HA|= s7](functiond group) 2]
SR B2 7ssh] wiel ohekRt ol &gk

|5 ©]-83 NOM 25 & E-575 NOMEof|4] 9] ¢4
A NE A S0 gk ohelRE Akso] Haly
It{Godan %, 2008; Son 5, 2004; Yangx} Shang,
2004). W& At A 7=} A humic acid 2 fulvic acid
oF g2 &44(hydrophobic, HPO) S5/4< Uehdl=
NOME<]A] THMs2} HAAs AAd5o0] =8 7o |
%31 It (Chen &, 2008; Hong 5, 2013; Hua%}
Reckhow, 2007; Liang™} Singer, 2003). 121} 9]
2 AFATRS A= X149~ (hydrophilic, HPI) 574
= etz NOME0A9] THMs /50 444
NOM 2} v]w5te] SARBIALE 2524de] w3 9512 21
T3 NOM FZojA 23] ¢ & Z o2 HAlEgl
tHimai £, 2003; Marhaba®} Van, 2000). =3, Lu &
(2009)> %1~d NOMo| HAAs®] th£21Ql A=+
2 B35} glon, Lee 5(2007)S F ThE A4 A%
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0] 7o} - e Fl o2 B usirk o H AT
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Table1. Characterigtics of raw water
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NOM £55 531 54 3719} H7E NOM 225
ofA2] RERNE A et AT ATES 2
o B YO R B9 e BTN
o NOME<] ¥ist 54 Ei 34792] 4% Hels
2ol that ol BIHEL vjS- $E Aok
Kima} Yue] A 1(2008)el A T4 wefolst 34 o
UFSk NF ot} 374 %2l chat DOC 18} 54t
AERAE SO WS Bk, 221
T HIFI A A LS T PH 3
oA B olEolAIH) ket QFIBAT T
e it 4geld] 29 F0l BHOR 50
A 2EHAE ATBAS] A el
T4 02 A4 ItHNoh 5, 2002).

B AT o/ YREE FHo] FHIE I
514 pilotplante] $58 Xl F2) NOM £
T, WIS transphilic, TRY) 3 224 NOM)
2 Fofo] o0 5 vislel HAAS 5] st 5
e BARGOR, FRE ANES FF 34T
o 7|zAmE B skt skt

of I
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2.1, Pilot—plant

B A8 of] AR pilot-plant= 100 mY/day ] &]-82F
o], BHL HOFE, S Aol FOE BAC T
om TRl gtk ALET FOE FUE(H
SARD= 42 1 mg-OyL(73) 2 2 mg-Oy/L(20:) X
o, $3Al= polyduminum chloride (PAC)E 45
mglLe] FE2 FUsirh AE2/dei(biologica
activated carbon, BAC) 5742 AtA| 2o At
(F400, Calgon, USA)o| Z%1%]o] bed volume 30,000
~35,000(-A YU 2008 ~250%) HE=7kA] 2%k
gl = DOC &5 w(breskthrough)ofl =26H31
o, T ofF Ao F2b dE|eote] YA

pH Turbidity Alkalinity DOC UV SUVAs,
Parameters .
Q] (NTU) (mg/L as CaCOy) (mglL) (cm) (L/mg-m)
Vaue 7.8 8.8 64 3.74 0.0659 1.767




Al 37800A S f71= 2 2ol &f3t haloacetic acid 445 7T 1657

(biomass) T} T & (activity) = 72+ 1.2x10° CFU/g &
2.99 mg-C/m*hro]gic}. BACS] FHA|HAIZHempty
bed contact time, EBCT)-2 15520 2 3}o] S5}tk
Table 1ofli= Aol A8 pilot-plant FY4(F57
2] 24=) 2] AR LR Qi

2.2. NOM B3

Y57t el e, g Hefjojaba, S oE A
4 BAC A 2|5~E 2zt Aj4=¢t &, rotary evaporator
(R205, Biichi, Germany)E ARg-3}0] 35°C 9] 215910
2 A B25LE 25L& =5l0] NOM Bol| ARes
At =39 NOM EF = XAD-4 resin (Supelco,
USA) 7} DAX-8 resin (Supelco, USA)-2 0]83}0] e
= Y42 444 NOM (hydrophobic fraction: HPO),
Zl5=4 NOM (hydrophilic fraction: HPI) & wWhz2]4=4]
NOM (transphilic fraction: TPI) 2.2 FE&3}%tHLee
%5, 2005; Leenheer, 2004). DAX-8 resinof] 5215 H&
2 0.1 N-NaOH= 22471 318 2424 E4(HPO),
DAX-8 resing 53}5t0] L& 454522 thA] XAD-4

Water sample

: filtered with 0.2 um membrane
filter and acidified to pH 2
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Fig. 1. Anaytical procedure of NOM fractionation.

resino] 3708 S Bpslo] L G242 A4A
E2)(HPI), XAD-4 resino]] 3215 252 0.1 N-NaOH
T R A vl 2-(TP) o™, Fg. 100 71
23 NOM =5 LER i SIeh

2.3. HAAs dis 43

SEFARE A A 7i3to] Al 300 mL
80| BODW S AREsIGlt). et 7F 34 Al
g o] 58 E53F NOME-S 300 mL -§-5F2] BOD®]|
FQlsto] Zzke] BODY ol daA 2= 10% Afotg 4
AFUFEE(Junsei Chemical, Japan)<- 1,000 mg/L 2] &
L& 3)ARE AS ARESte] 20T ] a2k ollA] 24
A)ZFERS B0 oa) ZFH A 7] 1.5+0.2 mg/L7}
FEE gE FI51QIch 24417 ot ujoF 3 7zt
o] BODHYE W9 #7 Fdaes oFHMIVER
(Merck, Germany )& ARg-5to] A AR & Al (1+2)0&
o] gslo] pHE 5 HLo 2 2dslo] AT R WA R st
HA] 24151 HNoh -5, 2002).

24, 2N

22220] NOM ko] 2| F2] DOCL} UVass= 0.2 um
HEH}] ZE(Millipore, USA) = of3}3t ofol2- TOC
HX17](Sievers 5310C, GEAI, USA)2} UV spectropho
-tometer(2401PC, Shimadzu, Japan) 2 5435159tk HAAS
o] .42 USEPA Method 552.2¢ 2-7]5}%] GC-ECD
(7890, Agilent, USA)Z A}&-5}0] 95:-0] HAASS H-4]
S CHUSEPA, 1995).

3.1, Y4-3HYE 2R NOMe| & s}

a7 mieldaert =] g Hefjolat 54
(filt), 2= 374(0s) & BAC 3 (BAC)S AA|HA|
7} 37 #|2]4=2] DOC g =3} 9 A 2|45 573tk
=5 NOME9] 5= SRS Fig. 20f el ict 2F &
A Ae]4=2] DOC 5= ¥sHs YER Fig. 2@& &
A -SA-RH- A& AXHA 45% =2 DOC
7} AA= AL, BAC 34 A2 o= FUa=9] v
DOC2] 54% =7} A A= 3l om, 0.2 A 2] tiH]
B2 17% A=) AAES et

3L 3789 Al &S5 24(HPO), REIS~4(THI)
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1658 3% - FY= - 75
9 A (HP) o2 BRste] Z2ke] Frerishs U
e Fig. 2(b) ~ (d)E ¥ HPO-, TPI- 2 HPI-NOM
o] A%, SA-IH-N7]E AeA TGN 2
Z} 57%, 40% 9 28% Hr=o| AASS Hehfel
HPO-NOM 9] A[A&o] 7H &30t T-2& A7
ol -= TP HPI-NOM & 7= 25]2] < =efjo
o] Hgf F=7F ST S HPO-NOM-2- o}
= o8] 28% =0 AlAE-S LRI 2. A 2o
oJsf TPI- 9 HPI-NOM 9| ‘F=7} 57135t A& @& A
A A== EAF 22(molecular ozone)xt OH &}t
2} 552 NOME2] Askkgo] os NOM 34
o] g We7IEel SISt yEhd Aol
(Swietlik 5, 2004), =2 444 EZ(HPO-NOM)o]
TPI- T HP-NOM 2.2 H3}k]o, TP-NOM 2] 72
&= HPI-NOM S 2.9] Zgto] {2kt BAC F7llA]
= HPO-NOM 9| 79~ 503 A2~ tju] 6% F =9
AAES vrebd BHE, TR-2F HAI-NOM 9] 7-9+= ¢
Z} 18%2} 25% o] AlAES UEhfo] AE-Esfol
oJ&f] TPI-2} HPI-NOM 2] A #-£&-0] HPO-NOMe]] 1|3}
E A0 UEhgtow, theltt SAS 7R f714d B
DEHES ol&sto] 7o) AEEs] 545 A%t
Son 5 (2013) 2] AA-A ol = 2/ TS5l Hls)
F97d SAEY AEEEe] =& Aor Huskal
Qo] T2 F ot of HAbg 27|9F 22 Q1A}E0|
AEslsol G nA= 2 es skl

HPO-, TPI- 2l HPI-NOMoJ| T3}l 4-¢1<= tj=] BAC

(a) Total-NOM 16 (b) HPO-NOM

1.2

0.8

DOC concentration (mg/L)

0.4

0.0

Raw Filt O3 BAC Raw Filt O3 BAC

Process Process

PN

_?_.0]74 .

ST AlAEE A EH 22} 71%, 45% B 33%
O] AAES et AR A= 2% 2efgof st
L HPO-, TPI- 9 HPI-NOM =5 W 7Hz} 047
mg/L, 0.80 mg/L ¥ 0.45 mg/L & LeR}ar glom, X
2 Aol A TPI-NOMo| X}R|3H= H]-80] 47% A=
= -9 A etk

3.2, 2 NOMOAMQ| HAAs MMEXM

A 24 3HE AHgg=E HPO-, TA- ¥
HPI-NOM o2 HFslo] EREl NOMEo|A] A
HAAFP2] J-du| 83t s =5 Fg. 3(a) ~(d)ofl U
Efflet. G5 miE Ao g (raw) 2] =
3 HAAFP 3= HPO-NOMoj| 4] 2] A4 =-0] 38.0%=
71 =7 vERton], theoz TP-NOM 34.8%,
HPI-NOM 27.2% <=o]3ltt. -§-3d-34-o1-24-S A
7l 54 Befjol} A2lax(rapid sand filter) o] -9+
HPI-NOMOoJjAl9] & HAAFPS] 1AJu]&o] 43.7%=
714 =9k31, TPI-NOM 35.6%, HPO-NOM 20.7% <=
o]3lom, HPO-NOMQ| 79+= 4=of|412] HAAFP
&7} 37.9 nglL 9o g5 Hajola} Aol A=
7.2 gL 2 Z45lo] HAAFP A7) 4st Ao g
UFERsI T

Fig. 30| JEFH A= oot et g mafjoint
A 2]4=of| 41 2] HPO-NOM 9] “5-%+= 217} 1.60 mg/Le}
0.69 mg/L 2 Yept -3 37-011k Aol 4] <F 57%
A 9] A7) Yo TP-NOM 2 HPI-NOM<)

(c) TPI-NOM 08 (d) HPI-NOM

Raw Filt O3 BAC

Raw Filt O3 BAC

Process Process

Fig. 2. Variations of fractionated NOM concentrations along with drinking water treatment processes.
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(c) ozone (d) BAC

Fig. 3. Proportions and concentrations of HAAFP at each treatment stage.

39%2} 28%0f| B3l €53] = AAES UER ST
AN 0 B A frEHC] AAgA S71EL
el -3 2 2t F2ol| gt AlAEe] w2 A oE
H 3157 QJrWesterhoff =, 2005).

S 9 BAC A2jgo| A o] HAAFP -H/du|& Yl 5
£ e, @& A== diH] BAC AHz|gollx <]
HPI-NOM 2] H]&0] 49.7%o]|A] 32.7%= 7+4-3t uhd
TPI- 2 HPO-NOM-2- 7}7} 33.4%2} 16.9%]14] 40.9%
o} 26.4%= F715t9ct. o= BAC 370llA1¢] HPO-,
TPI- % HPI-NOMe| AAE Zpolof 7|Qlet Atz
HPO-, TPI- & HPI-NOM2| A|A&0] Z}zF 6%, 18%
4 25%3 HPI-NOM&] AlAEo| 71 =4 vrehd &
& Aelgeol| s BAC AHzjoA9] NOM F&
(DOC) Hgul&o] 7h4astel7] whitolch 4 /7]
E70] g a4 718 vl vlad {4 s
Holj=l= 549 vrehditk(Son 5, 2013).

wjeba] Z15E A 2j43(BAC A2l ollx] o] HAA A deF
& TPI-NOMe©jlA] 71 #2500, tha-0 2 HPI-NOMat
HPI-NOM <=2 2 Lrehyitt.

A T Aelg=o] EE NOMEolA 9] &
©] DOC @ HAAFP A4J%5(HAAFP/DOC)S Fig. 4(a)
~(d)oll YJeRR T 7317 A Al=4(Totd-NOM)
of|x]2] HAAFPIDOCE YERH Fig. 4@F ¥ Y&
74 oiE oA 26.7 ng/mg, 5 Hefjolal, o 9l
BAC 3742 #X|WHA] 16.9 ng/mg, 14.8 ng/mg % 9.2
ng/mgo 2 Ueh} $ekgg o 2 75 o9 DOC
HAAFP AJA45(HAAFPIDOC)o] 7hAasdlglon, ¢4
o] H|3] BAC %]2] Zof|= HAAFP/IDOC7} 66% A=
FdEary il

S A 2]4= 52 HPO-NOMoj|A| 2] HAAFP/DOC
HASES UEhd Fg. 4b)E 2 eollA] 23.7 ng/mg,
SH-AA- 1 TS AXHA 10.4 ng/mg= 4
aho] S-2 - 157 of| A 9] A AEo] 56% F =
2 7P =4 vehgen, ¢ 34(eE 4 BAC
SA)olA= F AAEY W3k UehdA] gt
E35}, TPI-NOMx} HPI-NOM <A1 2] HAAFP/DOC
3kE UERd Fg. 409 (dE = TR-NOMoj|A 9]
HAAFP/DOC?] 7-9-= -3-- 2 7-o4 1t F7g ol 41<] A
AEo] 41% HE& e 7P =2 AAES BYle
i, HPI-NOMoj|A]2] HAAFPIDOC?] <= BAC &
7oAl 55%¢2] A|AE-S teffo] BAC F7gllA1<] A
Agol 7P 2 Ao = YEpith

wztba], HPO-NOMZ} TPI-NOMoj| A1) ©+¢] DOC
o HAAFP A4 %5(HAAFP/DOC) 0] 7-9-= 7|2 A=
A2l oA A7} 7hsE Ao vEhton,
HPI-NOM €] 7-9-= A &34 A 2]57g 21 BAC 575l
Al Alo17t 7Fsst Ao HrhElek Eh, ProllA
BAC 24 A]47k2] HPO-, TPI- & HPI-NOMoj|A]
©] HAAFP/IDOCE 4t 21 HPO-NOMT} TPI-NOM
of| 113 HPI-NOMoj| 4] 2] HAAFPIDOC7} €953 =7
yehtal glom, BAC Az %9 HPO-, TH- 4
HPI-NOMoj| 4] 2] HAAFPIDOCE: B &)= 712+ 8.9
ug/mg, 8.1 ug/mg A 11.6 ng/mg &= LrehLf 2lp/d -
71EZ(HPI-NOM)ol| A 2] 9] DOC ‘5= HAA 4
4350] HPO-NOM I} TPI-NOMof| 1|3} 23%~30% &
=& o® HrhEQich

oA e 57 Aelae] E5 NOME|A 2] 9]
DOC s%of tat HAAFP AJ4%(HAAFPIDOC)S:
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Fig. 4. HAAFP/DOC from different NOM fractions aong with drinking water trestment processes.

Table2. Types of HAAFP/DOC from different NOM fractions at each treatment step

Raw Rapid sand filter Ozone BAC

ltem XiIAAL - XoAAl X3AA/ XiAA! XoAAl XsAAl XiAAL XoAAL XsAA/ XiAA! XoAA XsAA/
DOC DOC DOC DOC  DOC DOC DOC  DOC DOC DOC  DOC DOC

HPO-NOM 24 105 10.8 0 49 55 0 50 54 0 43 47
(10.0%) (44.3%) (45.7%)  (0%) (47.2%) (52.8%) (0%) (48.1%) (51.9%)  (0%) (47.6%) (52.4%)

TPI-NOM 16 112 11.0 11 6.4 6.6 0 59 46 0 46 35
(6.6%) (47.0%) (464%) (8.0%) (45.29%) (46.8%)  (0%) (56.3%) (43.7%)  (0%) (56.9%) (43.1%)

HPI-NOM a7 125 22.6 29 114 16.7 0 88 16.7 0 40 7.6
(11.8%) (314%) (56.8%) (9.2%) (36.8%) (54.0%)  (0%) (34.6%) (654%)  (0%) (34.6%) (65.4%)

HAAFP AEH(X1AA/DOC, X2AA/DOC Y
X3AA/DOC)E H73le] ket AL Table 20 ek
Uhgick BE 255 HPO-, TPI- 2 HPI-NOM
oH2) HAAFP THFE 5 T2A1% A4(Cl 2 Br)
7F 17121 XIAAS] 9] DOC B A4 5-2 ol 5 3
FrElglom, G4 mefolat 3 o] F Rt ANEA &
e,

=7} BAC 34 8] Zofl= HPO-NOMI} HPI
“NOMoi} £49] DOC 35-120] Eljg X3AA APA5(X3AA
IDOC)o] 713 7 Lkebton] 53], HPI-NOMel A=
X3AA/DOC7} #1|2] 65% H=S XA|5}%c}. E3t,
TPI-NOMoj| A= X2AA/DOC7} 56%~ 57% A== 2}
AJsto 71 A vhepiek

4. &

rhu

T YAl 398 Aelrol NOM BRE 5ot

o] o]59] 5= H3lel HAAs A4
7Vet A3} ok L AES A& 5 A%k

1 eAE] 579 557 NOME2] A5 H7t 21,
S 7-37d- 0431k F g of| A= HPO- & TPI-NOM 2] A A
7} 8ol B, BAC -5l 4= HPI-NOM 2] A A7}
olatrt.

2. ¥4 o] BAC 34 A47ix]e] AAES
HPO-NOMo| 71%=2 7} =k, HPI-NOM©] 33%=
7P ko, 2E A ejgol| A2 T TR-NOM2]
Hlgo| AR 2] 47%E ZA|5te] 7H =Tt

3. AgeAfe] 34 555 NOMEo)41 9] HAAFRP -
/du] 571 A}, Y=olA= HPO- 4 TPI-NOMejj A2
HAAFP:= 72} 38%¢9} 35% =2 LHEREoL BAC
4 AEolA= TR-NOMZE HP-NOMo| -zt
41%¢} 33% A &= 2] F/3u]E YERH STk

4. %5=2A¥ HAAFPIDOC H3}1E AluE Ay}, &
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