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Abstract : This study investigated the influence of characteristics of natural organic matter (NOM) on the formation of disin-
fection by-products (DBPs), and proposed the control strategies of DBPs formation in a drinking water treatment plant using lake
water in Gyeongsangbuk-do. The fluorescence excitation-emission matrix analysis results revealed that the origins of NOM in raw
waters to the plant were a mixture of terrestrial and microbial sources. Molecular size distributions and removals of NOM
fractions were evaluated with a liquid chromatography-organic carbon detector (LC-OCD) analysis. Humic substances and low
molecular weight organics were dominant fractions of NOM in the raw water. High molecular weight organics were relatively
easier to remove through coagulation/precipitation than low molecular weight organics. The concentrations of DBPs formed by
pre-chlorination increased through the treatment processes in regular sequence due to longer reaction time. Chloroform (74%)
accounts for the largest part of trihalomethanes, followed by bromodichloromethane (22%) and dibromochloromethane (4%).
Dichloroacetic acid (50%) and trichloroacetic acid (48%) were dominant species of haloacetic acids, and brominated species such
as dibromoacetic acid (2%) were minimal or none. Dichloroacetonitrile (60%) accounts for the largest part of haloacetonitriles,
followed by bromochloroacetonitrile (30%) and dibromoacetonitrile (10%). The formation of DBPs were reduced by 16~44% as
dosages of pre-chlorine decreased. Dosages of pre-chlorine was more contributing to DBPs formation than variations of dissolved
organic contents or water temperature.
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1 A EHAE(DBPs) MAAEAS AL A43 AU DBPs A oiokS A A3} th. Fluorescence excitation-emission matrix
(FEEM) 24243} 215-0) NOM& E9k3} n|4iEe] 25| 2o] ojgh A°2 9l 3lch. NOMe| BAgar] o 2377 54
2 liquid chromatography-organic carbon detector (LC-OCD)E ©]-83}o] A3t A2 SYE-7 AEAF 7548 B
go] WL, TEAFEAL ARAFEAR} S - DAFHAN AL ol AL ekt HALFEY F Ag
AUE API4E W-EAZro] dojA DBPs wX7t 5715t en A% DBPs= URbAQl A4z AAFA gt
THMs2 chloroform®| 74% 2 %8 0]%%1 2™ bromodichloromethane (22%)2} dibromochloromethane (4%)%= 2t HAAs
+= dichloroacetic acid (50%)<%} trichloroacetic acid (48%)7} F+%& ©]F 313l dibromoacetic acid Q%) 5 EEAELS 5=/l &
AY 2 E A 9Fkth HANs-2 dichloroacetonitrile (60%), bromochloroacetonitrile (30%), dibromoacetonitrile (10%)©] 2= A
of. AR7I7E B9k ST AAolA DBPs WAL §E7| SR onT ARl Ed 2 43S we Ao y
B, d4FdEro 2HE DBPs AAEEE oMo vl 16~44% AL 4= QUich

FHO| | £ERAE, A4AF7IBY, FEAVZE, YR PN, YRt EEY

=i}

1.ME Al L v 7= Sk Faxelo] os) WYEHE
DBPs+= trihalomethans (THMs), haloacetic acids (HAAs),

A Zd Ao A o] AL 9= dak ALgo] 7T haloacetonitriles (HANS), haloketones (HKSs), chloral hydrate
Hela ZFAo] =rhs EAo] 9l dAl Y o & (CH), chloropicrin (CP), cyanogen chloride (CNCI), N-nitroso-
Aok etmujoby Aol AlA, 2570 AbE, d - w7k @ dimethylamine (NDMA) 50 9lom” o]% =y H4=34
F71ES A7, BEA nlES Atste] aEEY o] 4] THMs, HAAs, HANs, CH o] A o2 HEH=
27 09 dsts 5 AeHTHolA Fag 98 DBPsEO|thY THMso| e =t Bled #3718 0.1
stk alx|ul A 0] 21914722 (natural organic mg/L2 Y&, 7futh EUSF 22 o= SfAskaL §le
matter, NOM)Z} ¥H-8-31o] QlAof Sa)j3t B4 2&st= H, HAAs+= =+4] 0.1 mg/L, 7fyttt 0.08 mg/L2 A s}l
AT H A2 (disinfection by-products, DBPs)S AJAl5te] H Qlth. HANso| ot 7/fH =] = =2 7]&L2 dichloro-
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acetonitrile (DCAN) 0.09 mg/L, dibromoacetonitrile (DBAN)
0.1 mg/L, trichloroacetonitrile (TCAN) 0.004 mg/LZ2 73}
I Qlt}. WHOOJ A= DCANIDBAN®] 7|32 7+z} 0.02,
0.07 mg/L, QELS 7kzF 0,01, 0.06 mg/LE FYHT} = T
dAT A7IES A5k vk CHE A$+= =4 0.03
mg/L, A2 S04 0.02 mg/L= A ske] we|stal 9l
th. DBPs= 4% NOM =8 54, 2549 F7et +
Y&, pH, &, HFol& & thget acle &) HAds:
7F EepAH, o] F NOM w28 54o] 7P W 9=
)= Aog gejA ok 826712 A (dissolved organic
matters, DOM)2] |2 =22 humic acids (HA)S} fulvic
acids (FA)E x3}sl= &9 &% (humic substances, HS)9|
o, 7] &&-57]€4a(dissolved organic carbon, DOC)2] 40~
80%E x|kl gct.”

NOM S4HAE 915 dhEd Yozt XAD SAH,
high performance size exclusion chromatography (HP-SEC)
tH/liquid chromatography-organic carbon detector(LC-OCD)
¥, 712]3 ultraviolet-visible (UV/Vis), Fourier-transform in-
frared (FTIR), nuclear magnetic resonance (NMR), fluorescence
excitation-emission matrix (FEEM)1} Z+& BE37|&HH =
o] grt.” DOM2| A7 DBPs A& Alojd 4= gl 7}
 Fe o] o, 7]E SR/AAFTAHLS 449 NOM A
Aoz a&A 0l 2154 NOM AlA o= Bla&2l Ao
2 geA 9k kA, 144 NOM AAEES ol
el =S olu EAdwr 92 WEQl, A kARSHA e} 2
& F7kgAel AlekEa ek

DBPs A/dof tigh o] A= i A9
A= ar, A Aol et A-a s A
< otk E3t A5, aFYed, £
fcle] el DBPs BAEES tE  Jdeus
%48 DBPs A S gt 7|=2d49F BYE
483 Aoz AtlrHoh

oebA, 2 Agts AA AedS ddeE 5 DOM 2
DBPs ZX 57, DBPs Ao} 5o ths] A5kl DOM
o) whay7] 9lah BAlEpE A7 54 2k2F FEEM3} LC-OCD
£ o|gslo] BAsgich DBPs ®UEHS THMs, HAAs,
HANs 35o] tho] s-asioon], 24 Agaolel 5
23X, HEX|g DBPs A4, daFds=xAe] 2% DBPs
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o]-§3tH, A (A AT HA(F-Ha) ol
Sick. 97717h2 20144 8E-128] Fefoln], BATHLE
% 103](H 23))olth. A ZRFAHEE Ar-Ed T 9
S F4(coagulated), A S(settled), o] T<=(filtered), Z|Z4
(finished) 5 T/ o= 313laL, wrAAolof wet 7=
A 234T1, T2)& A8k Al&AF] Al 42, pH, ZH74
4 g8 AFEHSIAIL, DBPs AHOIAE 918 NaHSO;
]

ol
i

A
;:O

(05N) §o2 Fstol AFPLE AAT b 4T W
n@ste] ARE et

2.2. DOM 244
FEEMS DOM®] 7|915} BEE4S 245h7] 98 Ab
1o, fluorescence spectrophotometer (Shimadzu, RF-5301)
£ o|83}o] =3} T} Fluorescence spectrat= scan 412
23] =351, scan AL ZA] excitation T2 220~240
nm (5 nm 7+7), emission -2 250~600 nm (1 nm 7+2)
2 A3 Y-S Xenon lampE ]85 11, excitation-
emission slit width= 10 nm=2 A&}l g<=0f tjst EEM
B A= F2 57}%]9] fluorescence peak”} =t
Peak A9} C= humic-like & o], Z+z+ dex 237~260 nm/
Aem 400~500 nm, Aex 300~370 nm/Aem 400~500 nm2] $|X]
of| A ErASIC} Peak B tyrosine-like 9§ jo|m, Aex 225~237
nm/Aem 309~321 nm2] {]z|o)| A wAYstt}. Peak T13} T2
+ tryptophan-like & <o]H, Z+Z} Aex 275 nm/Aem 340 nm,
Aex 225~237 nm/Aem 340~381 nm<e] {]x|oA 2AYsic)
A4FAE DOM EX5F 7152 LC-OCD (DOC-LABOR,
Germany) A28l o]-g-3fo] HA4stict. LC-OCDE A
A NEAEFY7], 27| A L2 0lE 18] 9 (size exclusion
chromatography, SEC) Z&, ZrHoA E2lE AES CO,
2 AFS}A]7]+= TFR (thin film reactor)} UVass H<7], NDIR
AZ7), 3493 E435F= FIFFIKUS Z2aaoz 1A
Eo] Qlth SEC+= &4 A7|E= £97 7hs3t 98 &
o|-§3t Ao g NEAFEALS W] HEEIL, AEAEE
Ao =7 A& CDOC (chromatographic DOC)+= =
ZulE gy 2 22 & DOCE @3y, DOC % SEC Z+
e FHste] AA|ARnEI ] WA AEGom doj|
£ #7120l th CDOCE #A=F Z7]9l whe} biopolymer
(BP, MW: >20,000 g/mol), humic substances (HS, MW:
1,000~20,000 g/mol), building blocks (BB, MW: 350~500
g/mol), low molecular weight-organic acids (LMW-OA, MW:
<350 g/mol), low molecular weight-neutrals (LMW-NEU,
MW: <350 g/mol)@ H3|¥o] HEgc) '+
28 7] g4 (dissolved organic carbon, DOC)+&= 0.45 pm-
membrane filter (Millipore, USA)Z A|&2E o33 & TOC
HA7](Sievers 900, USA)S ©]-&35}o] E A5}t UVAgs,
+ UV-visible spectrophotometer (Cary 300, Varian, USA)2-
o] &3lo] EAI3} ). Specific UV absorbance (SUVAzss)=
254 nm oA 4% UV FF=E DOC F=& Uy
of AHaISich
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2.3. DBPs 241

H 5= DBPs % HANs, HAAs, THMso|| tfjaf] 2 U g
Y} Bxe=rE ZAL519 . HANs A= dichloroacetonitrile
(DCAN), bromochloroacetonitrile (BCAN), dibromoacetonitrile
(DBAN), trichloroacetonitrile (TCAN) 322 HEA35}ich
HAAs A= monochloroacetic acid (MCAA), monobromoacetic
acid (MBAA), dichloroacetic acid (DCAA), trichloroacetic
acid (TCAA), dibromoacetic acid (DBAA) 3= E A5
t}. THMs-& chloroform (CF), bromodichloromethane (BDCM),
dibromochloromethane (DBCM), bromoform (BF) &&-& &
Attt ZF Algdd =38 total HANs (THANS), total
HAAs (THAAs), total THMs (TTHMs)= YEM Ittt HANs
7} HAAsA+= gas chromatography/electron capture detector
(GC/ECD, Agilent 6890N, USA), THMs< gas chromato-
graphy/mass spectrometry (GC/MS, Bruker 320MS, USA)2}
purge & trap A|2HS 0] 85t He=arAFHAIA 7=

we} 2ajatgc.

Excitation wavelength, nm

250 300 350 400 450 500 550 600

Excitation wavelength, nm

030-Y

A
112510

Emission wavelength, nm

Fig. 1. Fluorescence spectra of raw water (n=4).

%A o) 2 sk giglen, pHe &
A1, Bt 6.8+0.12 VeI, A7) 7k
FEo|h 2 E3F A Aol
g 27.0CE 7|=31%a, o]%
C 22 VeEhglch 1195 E 22 20
A28l7]) AZske] 129 224 7.1 C7HA]
"o Aoz yepyth 34 Jarfee Aol
A 29, AeAM Fh2 F9L 8k Ak ol
7 oA Amp7iAl At e &
E7F AR v FARA P s 2T ol HhA
ol S AR ke
ol o) tha AfolE EPow, A
A, oo IFRAL HBtFols fASHA YEbT
DBPs AAEE A7HS S8 195 E AdaF:ds=s oF
Ak ol Ao, ol 2y Hat ARASEEE
0.66 mg/L= Wepdtt T RdigEs Bt 1.06
mg/L2A A2 AT sEe ZAth

S

%

3.2. 34H DOM Ed
240 DOM EAL 2AFS7] 915} FEEM 242 233}
At S1~S4 A& o)A fluorescence peak+= A, C, B A 7|2

A] fluorescence spectra®] A& HOFS M=Z {AlSIR o, A]
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Table 1. Summary of spectroscopic characteristics of raw water

Parameter semele St S2 S3 S4
Fl, dimensionless 18 16 15 16
BIX, dimensionless 08 07 06 07
HIX, dimensionless 13 16 26 32
DOC, mg/L 196 2.46 2.40 2.46
UVAgs4, cm” 0.0314  0.0511 00543  0.0442
SUVAzss, L/mg-m 1.60 2.08 226 1.80

Peak Max (hemhed, NM (429, 240) (422, 235) (433, 240) (435, 235)
A Intensity, RU 95808 11153 246855 124798
Peak Max (hemhed), NM (425, 315) (425, 315) (435, 315) (427, 315)
C  Intensity, RU 67659 77.033 185305 87.734
Peak Max (hem ke, nM (300, 225) (300, 225) (310, 225) (308, 225)

B Intensity, RU 160218 162702 201578 135558
A/C 142 145 133 142
Ratio AB 0.60 0.69 122 0.92
C/B 0.42 0.47 0.92 0.65

=¥ DOM9] fluorescence intensity”7} 51140l E7]E ATt
(Fig. 1). Peak A2} CollA] Xt fluorescence intensity”7} L}
ehd gAY A= ZH2F dex 235~240 nm/Aem 422~435 nm,
Aex 315 nm/Aem 425~435 nm=ZA] humic-like & 93} T
Utk Peak B] 1] dex 225 nm/iem 300~310
nmZ A tyrosine-like ¥§ & vpepict '

FEEM E4& &3 DOM2] 2 7] E4-8 fluorescence
index (FI), biological index (BIX), humification index (HIX)
o] AEE ol&stglon, ofof tht AutE Table 19 e}
itk Fli= 3A91%] Aem 450 nm/Aex 370 nmof tf3gt
Aem 500 nm/Aex 370 nmof| 4] 2] fluorescence intensity H|E-
S vehd 2 geolth!” drbA o & FI gho] 1.4 ngtold
EoFolA 71R1% DOMT} 4F-g-/do] %21, 2 DOM
grx EXS zrt} "iHo|, FI Zlo] 1.9 Z3lo|H n|Y&
oAl 7]¢13F DOME tf3Esh, W WiE E4S Ad
T FI 3to] 14-19 AJo]Q) A9z Eopal waige] it

71olet & 4= Qlek'” G €429 FI 3H2 1.5~1.8 A& U}
eheton] mopmh naRe] By el olgk DOMSl 5o
2 Uebulth 3 AR BAATA FI gh b2 Alze] b
3].01 1.52 714 JQta, o]o wutal W EAS A3}

L UVAass, SUVAs 7S 7H4 &=9it}h BIXE oAH¢)R|
kem 380 nm/Aex 310 nmof| &t Aem 430 nm/Aex 310 nm

o] A1 €] fluorescence intensity H] < vebd 2422, BIX
Zho] >1oj¥ mA=of 7]QIgt DOMI} 4F-§-do] Eou,
<0.601 EFof 7]Q1g DOMoﬂ 717k G fi429] BIX
e 0.6~08 HEz B nE] H5k7]Hol o% DOM
o] Aoz et HIXE T4 %] Aex 254 nm/Aem 435~
480 nmof 3}t Aex 254 nm/Aem 300~345 nmoi| A 2] fluore-
scence intensity 22 H]-&S Vel z242'Y wro HIX
(<1002 MYEZHE B3 FASEZ] o2 DOM&

Uehie, vlgge] HulE4s HIX ghe dAxdon
7Fehek ) G Y420] HIX Zhe 1.3~32 A= ulgEo|
71915 DOM E4o] A& Ao Uehdth Wb G ¢
ol gt DOM9| 7| ¥ Fl, BIX, HIXE §3l S8 &4
o A, Avrdo mofal vl oF B399 2
o= moju], Eopol it w7 go] & © $Al Ao=
ohElT) 1|23 DOC 5501 $2~84 2 S3 AJ 20| A UVAgs
Ell SUVA254%}:.L} Peak A I Cof tfgt Zt) intensity”} 713+
=7 YEldth(Table 1). S1~S4 A|g 24 Ao 4 peak A
@} Cof] thgt intensity H]-E(A/C)> Z+ZF 1.42, 1.45, 1.33,
1.422 ¥|uA F4d3t9 o, A/B, C/B H|E&2 peak B2
intensity H3lo] ol AATFA] A tH(Table 1).
DOC, UVAzss 2 SUVAys4+= DBPs A& =435}
2 719% olajstzn] /4 wol Argeli qlt o
otk UV b4 254~280 nm W 9Joj A §-7] 22 of
UV Z3 e WeEEs1slE o] Exdlo|24% o A
sago 2AE el S Uehyd, Sa 254
nm e §71 RS YRSt FE HRAE T
4 olgsla AL SUVAs 571180 B8 5
o= X}"q of et SUVA254 4y
AEA G712 o] WO, SUVA,
W nEAY FYSAS F2 EY
sar k™ AF7|7HsqE 94 % DOC 55, UVAsss \;
SUVA»54 2] k& Z+z} 2.0+0.33 mg/L, 0.0378+0.0108 cm’ ,
1.86+0.33 L/mg - mZA] NOM ZlpAdo|al ABEA=F
712489 545 YEyqleh DOCY UVArsi= 83/
Sl oall Y= il 242t 31, 67% H= Al A% o
Agake] Azel Wsd A EeS B ot
kel
=z

=l

_>fl_|4
I )
XH

I

i}

‘

hd

?—1

OT‘
ol

N oX X‘n W~
o

E',

|
™ H ox &
dob oft I 2l X o

A 2178, 4% AAEEO] 8 F7H5Hom ol F
A7A] Hlgt FERolE RArh SUVAsE S/
ol eJs) At 52% Y= B WA e o,
2 wshs Yot

> OH

2

LC-OCD BA]& o|g3lo] ZAE {718 AAEAS Fig. 2
o Welyichk CDOCE BP, HS, BB, NEUQ} & 479
OS2 UEstTh

A 271 8 H2] CDOC F==

30

o) 60
2 N © (a)
R )
£ -
c20 £
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Fig. 2. Removal efficiency of CDOC in water treatment processes,
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1.46+0.31 mg/L (n=3) A L=o|y, o] & 1 EX}5F 529 BP
7h A Ao FEHES OF 4% 2 Wekow, HS&= oF 39%
2 7V B2 FEu&S YERSITh BB NEU £330
i3t s wu ezt 30, 27%E eyttt ol Avke
Choi 7} Hugt @14 4718 Ea7An vssioch &
A Bxpef 2o mE AA54S Fig. 2a)0l YeEri
th. SR/AAEHNA BP BEo] that AATEL 48.3%,
HSE 46.9%, BB2} NEUX= ZHZF 20.8, 4.2%= JERyTh
BB9| %¢ HSO| AstaEa A Sx/AAEH o & A A
ettal G A k' oag ol A BP £3lof it A
ABEL 31.0%=A LEATF S el vlwa] =Skt
3}x|4k, HS9} BB £3]& o a}-ggoll A <3.9% ulgto g o
S o AARLS Bon, NEU AlAL /A4 3H
I FARelA wekeh SR/AH 2 ofakgAg o4 CDOC 3
FAATEL 247 27.1, L1%= Yepton, S3/44
Ao A CDOC A|AfE& = BP, HS, BB, NEU7} 2}%]5}
%= ZHZF 1.9, 18.0, 6.1, 1.1% o0, oja}g Aol = 2zt
<1%2 e THFig. 2(b)). HuHE 0 2 CDOCe] A| 7=
AAAFTAANA giE dojiton, S2/HH ¢ oz
oA 7 B AA LS ARAFEAASRS ol 7]
Z ®aug Axel vssl] etk cDoC £3) % HS
9} BB DBPs 43 71 Aol Eon)” Az &3
9] 70%E AHAITel whet g oA el do] vl Fa
& Ao ARHTE Ates” 2 FHEAT} T B G
7124 0] P RES A7 slo] = DBPs A7to] oF Hut dlol
] oot AEAF 714 9] DBPs Aol Higt 7]oi7f
W¢ by ®ashy)w shgich

e

ol
rr o

+

N

|
N

=)
ot oo I

3.3. 38HDBPs s 21t
A 1L7)7F S9oF ZAFSH DBPs % TCAN, MCAA, MBAA,
BF 52 HE AlRoA EHESE UeYTH JEFoA

~

7} DBPso]| 3t %= THANs 5.5£1.2, THAAs 20.6+
9.2, TTHMs 50.4+18.4 pg/LE UEGOon, 34¥ XF4
of tigk DBPs A/dul&< Fig. 3o et olct. 2E<=o]
gt SAa, WA, o3, TI, T29] THANs A/dvl&

160

ETHANs MTHAAs ®TTHMs
140
i3
2
%120 118109 114 114
g oo 1o
100
- - 3636 "
o
é 80 ; 77 7
: 43
E 40
20 | . . . .
0 4
Coagulated  Settled  Filtered  Finished 1 T2

Sampling sites

Fig. 3. Ratios of DBPs formation in water treatment processes,

N

F2} 53, 77, 86, 108, 114%Z A HFS-A|7to] A2 A
L= AL STt SR gl A Es=TE AA
o] oF Ayl A= |5t FA x| gL =9k
SHPolA JHe A o7t A] F7FeE THANs O] %
217y 24%, 9%= YEHETh ofikgolA HFFTHA F
7¥eE Y%= 14%, HFolA 274l = 14% = A SHaA 2
F 28%7}F o S7HeE Ao R eyt 4] gk 7z
374 THAAs /98182 Zh2F 72(83 %), 93(HA4),
86(0]TH2), 118(T1), 129%(T2)&E e} AAS == A4
S7FkeAtE SR golA A F=7E AASH Y oF 72% A}
A|5lo] TTHMs, THANs Ko} vf$ @] gAg= Hoz
UERSTE THAAs= SRl HAR7H4] 1% Z7138t
FAA T, e AALET oF 7%7F AT TCAA
= AF3AE SRH R FEUt 5N DCAALL
DBAA7L ofabg- Aol AESH Haflof 28l oF 20% A
Aol et of#4=2] THAAs = AXsEY o WA
Uehd Aoz Btk ojatpo A HE571A] 14%, 3
Tol A T27HA] = 29%7F A5sto] SdaA e & 73 W
2 43% S7He Eoch

4ol tigh 2 ¥4 TTHMs Au]&-2 747} 43(5
A5, 18(AS), 89(o14), 109(T1), 114%(T2)= A HE
SAZEel A4E B see 7Rk SXGelAl B4
FE7F HAATA oF 43% AA|Eto] 7] &S THE
Sotth TTHMsS S350l A JAd7kA] 35% 57tk
THANs, THAAso]| |3 7}&F =9kom, Ao A] ofx}
T = 1% F7FEGTh o Bkpoll A 2 FE47HA = 1%,
HZroA T27H A= 14%=2A FALAT F 25%7F T
AgE 2 o2 Uelgt. DBPs kol gk AgduEo] &
AeoA 71 7 Ydebd A 1EAFR7ELT AR
A7) Edo] FESHE AHlolA et vhgkely] o
wolH, o|F JUFEJA 71| DBPs % 57hs ARA;
FR71 BT 2R A0 ggof oa et AutE o
AXEY A= 34 DBPs 571 % Aol o m47t
A zERda Anet A Fasit $EAFY T ST
ahlom, o= FAL FEA7I7F DBPs Aol

g A et ATk oA

fr L ol ox rlo
oA o}r

[o
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