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Effects of TDS on formation of THMs in drinking water treatment
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ABSTRACT

This study is focused on effects of factors that affect the formation of THMs during chlorination in drinking water
treatment. During the chlorination, chlorine consumption is increased by increasing the initial chlorine dose, the pH
and the total dissolved solid (TDS) concentration. Also THMs formation is increased up to 58.82 pg/L and 55.54 pg/L
by increasing initial chlorine concentration and increasing pH. However, concentration of chloroform is decreased by
increasing TDS concentration. This is caused the cation(Na®) of the total dissolved solids preferentially reacts with the
functional groups of the organic material which influence the trihalomethane formation. But total trihalomethane formation
is increased up to 127.46 pg/L by Br contained in the total dissolved solids. DOC reduction was not influenced by

any of the factors.
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gtch (Kim et al., 2010).

Art 2Fo2E U)o Eo HAF AA 5O
welth. ARAdo] Hojuhul, o] golar] wto]

24 AN B 2T vAE S 0
Qo] o] &= 9t} (Boceelli et al., 2003). 3}
L Gab A5 B F S50 24T 467
=& (Natural Organic Matter; NOM)Z}2] w802 E
2] & 2 i €(Trihalomethane; THMs)1} 742 AEHALE
(Disinfection By-Products; DBPs)2 A§AJ 31t} (Simpson
and Hayes, 1998; Kim et al., 2002%). THMs> 14| &
2AEHAE(TOX) 5 oF 40~50%F AHA| b (Park,
2009), == &3 E(Trichloromethane; TCM), HZH.T]
=2 29| e(Bromodichloromethane; BDCM), T|H &K
= 2 2 i gH(Diboromochloromethane; DBCM) 12|11 H
2 W 3Z E(Triboromomethane; TBM)9] FTFo 2 A ox]
t} (Richardson et al., 2007). B|=oj| A= ¢tASE HE= &
SHE 95te] FEZ T Z Y EH(Total Trihalomethane;

N
2

N

Journal of Korean Society of Water and Wastewater Vol. 33, No. 3, June 2019

pp. 225-234



H42{2/0lM TDS7F THMs A40)| 02 |= 3t

5

TTHMs) 7|&2 0.08 mg/LZ X5t 1S (United 23}t

States Environmental Protection Agency, 2012), World Al o] AbRE 4= H ZFo|A Asfte] RaE3d
Health Organization(WHO)®||4+= TCM, BDCM, DBCM AAZ 93l 1.2 filter2 o]7}3F & A}-8-3lich ¢
183l TBM zhzte] tiste] 0.2 mg/L, 0.06 mg/L, 0.1 0] URkAQl 5402 Table 1o Yl ik

mg/L, 0.1 mg/L ©|5t=2 f7g3Fat Qlet. 3, ¢kt
T A5E 55 7)E 0.1 mgl o|stR st

N
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>
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1 6 .. .
2]3}3l ¢t} (Ministry of Environment, 2015). HE AWO 5EA uLSom AWstdon, A

A AT Fapel mEw Ak U sge] EAs A

L . : of B3t fuo wet wkg7|e] A71E delste] 4
= 213G EEZ(TDS; Total Dissolved Solids)®] oF ST
° Bho

o] A ERo] AEHEAE MAO =2 oJdkolx BE o T MR

]‘_OEE] =T U= OO—JEq—\_OOL]— OJO]i*jggﬂogﬁgﬂ‘ﬁﬁ\_%ﬂﬂ] = THMs
g} B %3 9lth. Ged and Boyer (2014)= TDS Z7} o M:_ﬂ L - N
A AEHAE WAkl Zslabchy W s, JA] AL sodium chloride(0, 500, 1000, 2000, 4000

Sergio et al. (2009)-> o]o] tjslo] ol =2 ¥
Qo %3 AY A TTHMs A4 o] St}
Hskglek Aske B sarol= TDSo] #A] EA
H(Li et al., 2018; El-Shrakawy et al., 2013), = <]
9 FEFE ot HHF JFOR DS Fw) 3
Al Yyepdtial 2 E Rt} (Ham et al., 2006).
ueba] 2 Aol ds THMs Aol mixle 43
QARFQ AFAIZE, FaFdFF 18] pHel dig 13
7 EEe] ol EHEMN Na'o] x3HE TDSS
Z0l T AAh AE Al 2 9 w7l uwE

Hir o O K

4

Ol

AN

THMs 41/dekol] thslo] makalaah

i

2, S

2.1 A=

AF3}A| = sodium hypochlorite(Alfa Aesar, England)S
%4242 (AquaMAX™-Ultra350, Younglin, Korea)o] 3]4]
AlA 4,000 mg/L stock solutionS FH|3 T} pH buffer
solution> sodium phosphate monobasic(Sigma Aldrich,
USA)3} sodium phosphate diabasic(Sigma Aldrich, USA)
2 AR5 oFol2A E2-2 sodium chloride(Sigma
Aldrich, USA)E &mfjo] F=iste] ARESHTE W2
Zosty] gt A|ko 2= sodium  thiosulfate(Sigma
Aldrich, USAYZ ZZe2e0] 347 0.1 M2 A% & A}

Table 1. General characteristics of a water from H river

mgL)7t §3E AESE olgsle] Adsigon,
buffer solutionS AF&3}e] pHE 2+ 6, 7, 8 1A A
7|3 G4 2, 4, 6, 8, 10 mgLE 3¢ & WS A|ZHS
L2, 4, 8 24X700.2 o] Ade APsgon, o
4R 823874 (Dissolved Organic  Carbon;
DOC), THMsS EA135}9ich

A AR standard methodo A A A3t DPD
(N,N-diethyl-p-phenylenediamine) colorimetric method=
ol gstglon, F42 EFFE=A(DR 6000, Hach,
USAYE AHg3le] DPD amine 9% 9 thebh
NEE 530 nmel A Zgakgc)

DOCE ZEhA B4 7|(Multi NC 3100, Analytik jena,
Germany) % 0]-4516] EA4Jatgich DOCE AR )
F & 045 um oJ¥-X|(Millipore, Germany)2 o] 1}35}o
24 stgla Ao AuAsE R = 09999
ot

THMs £42 A& 50 mL T 0.1 M Sodium thiosulfate
£ 02 mL £9J5to] ¥hg-& A 5 mLE A
5}od purge and trap(Lumin, USA), GC(Agilent 6890N)
MS(Agilent 5975B)S o §-5t0] BAI3HTE. B4 A
29| %S THMs Calibration Mix ug/mL in methanol
(Supelco, USA)S AFE3}o] standard solution(10, 20,
40, 100, 200 ugL)yE Axslo] ALgaIR AHTA
o] AAl4-= R? = 0.99980]Qlt). 7tAI RAE D
2 u] o] FA 272 Table 20f A 2|5}3ict.

H Turbidity DOC Fe Mn Total coliform
P (NTU) (mg/L) (mg/L) (mg/L) (CFU/100 mL)
H river® 7.52~7.63 0.25~0.43 2.37~2.72 0.01~0.17 0.009~0.0011 340~380

a: sampling at June~December. 2018
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Table 2. PT-GC-MS analysis condition

Purge & Trap Concentrator

GC-MS

Purge Volume 5 mL Injection Split ratio 10:1
Purge N, 40 ml/min for 11 min at 20C Column HP-5 (30.0 m X 250 pm X 0.25 pm)
Dry Purge Time 4 min Flow 1.0 mL/min
40C (8 min)
Desorb 4 min at 225C Oven 12°C/min™
300C (2 min)
Transfer line 150C Quadruple scan range 30-350 amu
Valve oven 150C MS Source 230C
MS Quad 150C
Solvent delay 2 min
Ionization energy 70 eV

3. 2ot o 2
3.1 QA ZUR W pHO| THE XA A2 2 THMS
N B}

Aol £EFE $3o] EASH A4 AT
2o $718a dEoly e 5 w720 £7 9
Frof wel g3ke 2o w(Kim and Han, 2014), A
Hh8-2 14} HE-g(first-order decay)= th2 wWH3-24] (1)}
o] F3E 4 lth(Vasconcelos and Boulos, 1996).

C = Cpe™ 1)

A
dRdL 5 E(ml)
ARAL FE(mgl)

2 H4~E buffer solutionS ©]-835}o]
pHE 72 243 &, At wE da angs 9
DOC A|7, THMs A/d=Fel ot dx} a2z Z13gst
Rom, g4 angF 9 DOC A|A A5 Fig. 12 U

_{

~$ro0s8

[ Residual Chiorine_injected Cly = 10 mg/L
[ Residual Chiorine_injected Cl, = 8 mg/L

-| [ Residual Chiorine_injected Cl, =6 mg/L |-+ |
[ Residual Chlorine_injected Cl, = 4 mg/L.
[ Residual Chiorine_injected Clp =2 mglL

DOC CIC,

r 06

— @— DOC CIC, injected Cl, =10 mg/L
o 2

— @— DOC CIC, injected Cl, =8 mgiL

—@— DOC CICq_injected Cl, = 6 mgiL -

—(— DOC CIC,_injected Cl, = 4 mgiL Loa

— @— DOC CIC, injected Cl, =2 mgiL
o 2

Residual Chlorine (mg/L)

Reaction Time (hr)

Fig. 1. Residual chlorine and DOC removal according to
chlorine concentration.
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Table 3. THMs formation at chlorine injection concentration

Chlorine injection concentration
C trati
' oncentration(mg/L) > A . . o
Time(hr)
1 6.93 8.57 8.88 10.49 12.54
2 7.96 10.52 11.36 14.67 17.11
TCM
4 9.69 11.91 17.49 20.08 23.56
(ng/L)
8 14.91 18.06 24.68 33.52 36.94
24 19.27 25.97 31.62 39.36 45.02
1 1.76 2.63 2.72 2.88 3.06
2.42 2.84 2.91 3.24 3.77
BDCM 2.98 3.06 3.96 4.08 4.61
(ug/L) . . . . .
3.87 4.68 4.91 6.32 7.00
24 5.01 5.72 7.82 9.66 12.04
1 0.03 0.03 0.03 0.03 0.07
0.06 0.08 0.01 0.24 0.26
DBCM 0.17 0.19 0.21 0.45 0.59
(ug/L) . . . . .
0.24 0.32 0.64 0.83 0.91
24 0.42 0.55 0.82 1.22 1.55
1 0.01 0.01 0.01 0.01 0.01
0.01 0.02 0.02 0.03 0.01
TBM 0.01 0.02 0.03 0.03 0.06
(ug/L) . . . . .
0.03 0.03 0.05 0.05 0.09
24 0.05 0.07 0.05 0.13 0.21
1 8.73 11.24 11.64 13.41 15.68
10.45 13.46 14.40 18.18 21.15
TTHMSs
4 12.85 15.18 21.69 24.64 28.82
(ng/L)
19.05 23.09 30.28 40.72 44.94
24 24.75 32.31 40.31 50.37 58.82
HE FQ 98 8E87]E 2 (Dissolved Organic S B vkgo 2 93t o2 AR Hu} (Fisher et
Matter; DOM)3}9] HE-2-0f &J3t Aor AHArsial Q) al., 2011).
t}. DOMZ 71 2E547], A& 5 o2 48755 7} i AE A ¥4 NOM E= DOMIY HHg-351e]
Al o] 2-87] ol O7F 543y, &8li=, & THMs< A/d3tth A4 AT R JASFAE] o&
H g2 54 58 7 da e 9 asiiakE THMs A3/d=Fe] gk Aa+E Table 3¢ YER Qich
39 Hele g A-gstr] wfiZolth (Kim, 2014). w THMs 4719] 39t =% A4 FUFo] F7hskal
ghA fae AEA §71EETO AR B ARt HAFAIgro]  dojdaps ARl F78kle
oste] 2] Wk A7kl FAS b4 F, o]F W TCM, BDCM, DBCM, TBM 0.2 A4 ao] we 2
Mol WSt AR 471EW UulA Mg Uor] S sk EW RE gh FAFNHY WS
Ao ArHth Boh A 2] BT 0443k 424417 TTHMs A4S b wshel @l 2
ARFE F7SHE A da FUF] LS mgLE FUAT A WS A 1285 g/l A,
Fart FrlE, 710 vk 4o 5 e & 4AIZE o] 24X ZI7HA] 24.75 ng/ll A= o], W 4

AZIZAAL A AT oF 51.9%7F A= lem,
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A4 4 mgL 9] AL uhS 4A7H7HA] 1518 ng/L
of TTHMso| A4Elo] A7) Aol oF 47.0%7} A
Hegleh. Tl s 6 mpl Fde] B9 vk 4x
2744] 2169 uglLe] TTHMso] A4 Eo] 2] A4e
of of 53.8%7k AL, P4 8 mgl Felo] B
HES- 44171747 2464 pg/Lo] TTHMso] A4 o] 4
| 73] of 48.9%71 A= o, d4 10 mg/L
Ao A= WS 4XI7HA] 28.82 ug/Le] TTHMs
A Eo] WA Akl oF 49.0%2] Aol Al
Ao Hol WE Qlh oAl ofhe] Aol
OfL} WHS 4A17E717) 9] TTHMS A 4eFo] 244]7F
7HA1 9] TTHMs A37d 9] oF 50 + 3.8%F Z}AJsh= A
52 UEgth o]= TTHMs AL HH-3- %7] humic
acid 5 115X} =329 reaction site@} HH-2-5lo] F24 3]
A A &)= instant formation phase(IF phase)@} o] & T}E
71 =L ¥hg AZte| weh A ABAEE=
long-term formation phase(LF phase)® LE 7] W&
o] (Oh et al., 2004; Westerhoff et al., 2004), = A
o= WES 1AIZF Woll TTHMsO| w243] 44 5, 1t
& 4xZto]l AUA =W AZE dfH] Aol A5H
Al Hadhs S A 4= Ak

THMs®] Ao m|x]= =8 QA Fof shvh= pH
o]t}. Reckhow and Hua (2007%)+= pHo| ©}2 THMs A3
Aol tisto] sl on pH7E F7he5 THMs
Aol Stk Harskgich whebs] 2 AR oA
+ pHE 6, 7, 82 24slo] YFAZo| g Ha &
HeF 9 DOC A|A 2e]al THMs AB/d 7ol thske] 1L
Zspelon, g4 ang 9 DOC A|A AxE pHE
= 25519 Fig2(), Fig2(b), Fig2(c)ol Lrebiry.

DOC+= pHol| Zkglo] ¥h3- gk AlZF 3= oF 10% A
A= om, 24A7F 3 oF 20% A|AH FHOE Hol
pHell @2 DOC A|AE= 24| Z4HaA7E gle Ao =
At Eh B3 BE da FAFlA da AR ]
A wrgom gasigrh SAw A4 8 mgl F99

24

froox © N

d
B

A5 71Fo® s o= pH 6 wf wh3- o
AZF F G AR 25 mglo|w, pH 79 uf ¥kS-
3 AIZE & A AmEES 27 me/l, pH 8Y W ¥
A T PAh AR 28 myLE pH7E EolAs
5 fa A2 o S7PHIN o= 94 4 mgll
T4 A A4 2 mgl FY9 A= LA

10 @ 1.0
\
\
A
\
S S e
S TTT TS EEEEEEEE===  os
E
[ i
g ° S
14
s )
5 g
st r 0.6
s 4 . . a
]
k]
]
Q M Residual Chiorine injected Cl, = 8 mg/L
4 B Residual Chiorine_injected Cl, = 4 mg/L
2 . e ""| [ Residual Chiorine injected Cly =2mgiL | ’
— @— DOC CIC, injected Cly=8 mgiL F0.4
— @— DOC CIC,_injected Clp=4 mg/L
— @— DOC CIC, injected Cl, =2 mg/L
0
012 4 8 24

Reaction Time (hr)

Fig. 2(). Residual chlorine and DOC removal at pH 6.
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E
g2 9 S
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5 g
= L 0.6
5 o
3
T
o
g I Residual Chiorine_injected Cl, =8 mg/L

Residual Chlorine_injected Cl, = 4 mg/L
2
Residual Chlorine_injected Cl, =2 mg/L
1 2
— @— DOC CIC, injected Cl, =8 mgiL r04
— @— DOC CIC, _injected Clz =4mglL
— @— DOC CIC, injected Cl, = 2 mgiL

Reaction Time (hr)

Fig. 2(b). Residual chlorine and DOC removal at pH 7.

10 1@ 1.0

r0.8

DOC cIc,

M Residual Chiorine_injected Cl, = 8 mg/L
I Residual Chlorine_injected Cly = 4 mg/L
[ Residual Chiorine_injected Cly=2mg/L [
— @— DOC CIC, injected Cl, = 8mg/L k0.4
—@— DOC CIC, injected Cl, = 4mgiL
—@— DOC CIC,_injected Cly = 2mg/L

Residual Chlorine (mg/L)

Reaction Time (hr)

Fig. 2(c). Residual chlorine and DOC removal at pH 8.
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Table 4. THMs formation at chlorine injection concentration

Chlorine injection concentration

Concentration(mg/L) 2 4 8

Time(hr) pH6 pH7 pH8 pH6 pH7 pHS8|pH6 pH7 | pHS8

1 5.36 6.93 7.87 7.11 8.57 9.68 8.37 | 10.49 | 13.49

2 6.27 7.96 9.68 8.78 | 10.52 | 12.45 | 11.45 H 14.67 | 16.26

(TJ-;I;/I] 4 7.48 9.69 | 12.34 | 9.99 | 11.91 | 15.22 | 16.71 | 20.08 | 22.38

8 10.52 | 14.91 | 17.87 | 17.86 | 18.06 | 20.47 | 25.68 | 33.52 | 34.12

24 15.11 | 19.27 | 22.39 | 21.48 | 25.97 | 2816 | 31.44 | 39.36 | 42.53

1 1.12 1.76 1.99 1.67 2.63 2.72 2.03 2.88 3.67

1.67 2.42 2.72 2.15 2.84 2.91 2.79 3.24 4.21

]?DCI\]/I 1.99 2.98 3.28 2.71 3.06 3.75 3.65 4.08 5.00

he/lL 2.45 3.87 3.97 3.76 4.68 5.02 5.13 6.32 8.59

24 3.38 5.01 6.23 4.82 5.72 8.48 7.21 9.66 | 11.36

1 0.01 0.03 0.03 0.01 0.03 0.06 0.04 0.03 0.05

0.03 0.06 0.08 0.04 0.08 0.13 0.17 0.24 0.28

DBCM

(ug/l) 0.05 0.17 0.20 0.11 0.19 0.26 0.31 0.45 0.52

0.09 0.24 0.31 0.17 0.32 0.41 0.56 0.83 0.97

24 0.19 0.42 0.45 0.33 0.55 0.72 0.83 1.22 1.46

1 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.02

0.01 0.01 0.01 0.01 0.02 0.03 0.02 0.03 0.05

TBM 0.01 0.01 0.03 0.02 0.02 0.05 0.03 0..03 0.11

(g/L) 0.01 0.03 0.04 0.04 0.05 0.06 0.05 0.05 0.13

24 0.02 0.05 0.07 0.05 0.07 0.11 0.07 0.13 0.19

1 6.50 8.73 9.90 8.80 | 11.24 | 12.47 | 10.46 | 13.41 | 17.23

7.98 | 10.45 | 12.49 | 10.98 | 13.46 | 15.52 | 14.43 | 18.18 | 20.80

TTHMs 9.53 | 12.85 | 15.85 | 12.83 | 15.18 | 19.28 | 20.70 | 24.64 | 28.01

(ug/L) 13.07 | 19.05 | 22.19 | 21.83 | 23.11 | 25.96 | 31.42 | 40.72 | 43.81

24 18.70 | 24.75 | 29.14 | 26.68 | 32.31 | 37.47 | 39.55 | 50.37 | 55.54
pH®F HEAIZbo] whe2 THMs Aol gt 2t & 244%F 3 8.00 = 2.83 ug/Le] TTHMs AT o] 5
£ Table 40] ‘/}E‘r‘”E} 7ksto pH 9 Y4 FIsfole= TTHMs /ol 4
Ha 2 mgl 5 Hh-3- 24417k ¥ TTHMs FE A= AL FESE Aol AdEE TS
ARES i 690 ] 1870 gL, plt 790 W] 2475 gL, B8 Eofuh AL SelE % Gk pit 27t
pH 8% o= 29.14 ug/L= pH7} 1 S74e wf ¥hg- 24 S5 THMs Ad7o] S716h= o]+ THMso] A

A

A2k —? 522 + 0.83 ug/Le TTHMso| Z7}54%it}

011

]_

2 4 mg/L

Z0lo] Ao ukS 24A|7F
AAEES pH 6 1 26.68 ug/L, pH 7¢ wj 32.31 ug/L,

S TTHMs

pH 82 W] 3747 ug/LE pH 10] Z7}8 u) vk-S 24
A7t 3540 + 0.24 ug/Le] TTHMs A eko] Z7}a}
Rom, A 8 mg/ll Y Al WHE 24A17F
WATES pH 6 wW 39.55 ug/L, pH 72w 5037 p
g/L, pH 8Y W= 55.54 ug/L= pH 10] F71& uf gt

S TTHMs

[e]

2 haloform reaction¥} -F-A}S}H,
reactiono| 2t W EE|slo| =1} HEAE Fo| e
2 foE g2 faet 435t haloforme 973}

o

ofp et 32 rlr

=] eXyo)

r o —
1T} (March et al., 2007). w2lA] 2
WS- 0 2 AIAE= THMsS pH7| =oX|H A4
| 271814 =k Kim et al,, (2002°)% o] FEi1

HAYSol ot Axfelty. THMs A4 Hi#U&

] haloform

=2 0:]7]/H _?:UH H]'-Q—‘Q ?:_].Q_Zlqj— Q‘__]‘E:]X%
CERECE
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D §
pH7} Z7be o] humic acid & LEAHEE O] &= 1018 1o
7h Z7keka, BAh EHo| Holx7] who] THMsS !
PAote ve &7t Z7kske Aot ® kgt 5 8"'\3\',‘; e S
E, &g e 1Y
327DS Folol e HA A0 A THMs WY @7t £ L g
) o
TDS® Ueht ooles Bdo smefmz g & B 0 8
FS 7B Slste] NaCle 98 = HEA7ke] 3 ———————
[} — 2
02 94 ARFT DOC A/ 18]l THMs A4z ¢ I Rwiahecaeqll B
° éxoé}oﬂl:} o] o], pH= 72 1A3}AC . NaCl T o oocerny mumich-imgt o4
ZQl2Fe 0, 1000, 2000, 4000 mg/Lo|ITh i Am ToT PetRememei
% 9 DOC A|71% Foled Bhe] FEUE Fig 3 : :

Fig. 4, Fig. 5, Fig. 6°] YER3ich
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Fig. 3. Residual chlorine and DOC removal with 0 mg/L of
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Table 5. THMs formation at TDS concentration

Chlorine injection concentration

Concentration 2 4 8
(mg/L)

Time(hr) 0 1,000 | 2,000 | 4,000 0 1,000 | 2,000 | 4,000 0 1,000 | 2,000 | 4,000
1 7.25 4.91 2.79 2.13 8.78 6.72 5.36 4.36 | 11.21 | 8.13 6.36 5.13

2 8.22 6.14 3.18 2.79 | 10.89 | 7.57 6.07 5.82 | 15.26 | 9.47 7.18 6.27

(rﬂg/lf] 4 10.29 | 8.30 5.79 3.18 | 11.99 | 12.77 | 7.09 6.64 | 21.27 | 17.09 | 12.12 | 10.32

8 13.81 | 10.76 | 8.49 4.01 | 15.38 | 13.24 | 10.62 | 10.32 | 34.88 | 25.71 | 16.38 | 14.18

24 25.93 | 18.77 | 15.01 | 6.12 | 32.52 | 25.09 | 18.67 | 16.53 | 55.16 | 34.17 | 22.57 | 19.69

1 1.59 3.89 7.71 | 12.69 | 2.51 5.49 | 18.16 | 23.21 | 2.72 7.38 | 27.58 | 31.27

2.39 5.09 | 10.64 | 16.32 | 2.79 8.36 | 22.12 | 28.85 | 3.58 9.13 | 29.74 | 32.47

]?fgc/:g 4 2.89 7.12 | 17.70 | 22.13 | 3.01 | 10.34 | 28.01  37.97 | 4.42 | 15.36 | 36.36 | 48.31
4.01 8.62 | 20.52 | 28.45 | 4.51 | 13.07 | 34.77 | 45.48 @ 8.31 | 21.62 | 48.07 | 63.36

24 5.07 | 13.07 | 28.66 | 36.12 | 5.68 | 25.07 | 41.09 | 63.84 | 10.18 | 29.66 | 58.01 | 81.62

1 0.02 1.00 2.46 3.96 0.02 1.46 4.52 5.91 0.02 2.12 4.66 6.16

0.08 1.32 2.88 4.66 0.11 1.89 5.91 7.47 0.36 2.46 5.01 6.57

I(Df;x 4 0.16 1.98 3.22 5.01 0.20 2.63 6.08 7.60 0.54 3.15 5.09 8.30
0.23 2.91 3.97 6.46 0.32 3.92 8.11 9.12 1.12 4.01 6.21 | 12.21

24 0.44 3.84 5.99 | 10.30 | 0.58 5.16 8.96 | 13.15 | 1.72 5.18 7.18 | 16.11

1 0.01 0.00 2.48 3.81 0.01 0.03 1.26 2.49 0.01 0.81 2.13 4.66

0.01 0.01 3.35 4.23 0.01 0.05 2.49 4.19 0.01 1.02 2.76 5.10

(’ﬁ];lf] 4 0.01 0.01 3.68 4.96 0.01 0.10 3.01 5.11 0.01 1.68 3.48 5.99
0.01 0.09 4.02 5.67 0.02 0.26 3.49 5.88 0.05 2.11 4.52 7.23

24 0.04 0.35 5.02 6.13 0.06 1.08 4.12 8.12 0.12 3.01 6.13 | 10.04

1 8.87 9.80 | 15.44 | 22.59 | 11.32 | 13.70 | 29.30 | 35.97 | 13.96 | 18.44 | 40.73 | 47.22

2 10.71 | 12.56 | 20.05 | 28.00 | 13.80 | 17.87 | 36.59 | 46.33 | 19.21 | 22.08 | 44.69 | 50.41

T(ilg_/ﬂg/]ls 4 13.35 | 17.41 | 30.39 | 35.28 | 15.21 | 25.84 | 44.19 | 57.32 | 2624 | 37.28 | 57.05 | 72.92

8 18.06 | 22.38 | 37.00 | 44.59 | 20.23 | 30.49 | 56.99 | 70.80 | 44.36 | 53.45 | 75.18 | 96.98

24 31.48 | 36.03 | 54.68 | 58.67 | 38.84 | 56.40 | 72.84 |101.64  67.18 | 72.02 | 93.89 | 127.46

Ack. olEat ARt b ol dh A% A @4 th THMs| A4 gaste olfi askE 34
L f718Y Hhgo] Fukg o R A-g3le] TDS7E  Whg wFo|th THMsS NOMite] whg, 53] F1)
FYUE|gelw BEkT DOC AAols 2 L Ei BuAL 5 hydrophilicdt §7]1 8] whgo] 9
TRAA] A= Ao Z AL =T AT g4 AR7F = olo|t} (Thurman, 1985; Kim, 2012). €4=o]] TDS &<
lohe QgloRE §71EMe] Ea) ik ohjet B o <laje] ol BHe] BRIl F7M A
71ge] 2AE 9l7] o] TDSE 59 A 27] 94 hydrophilicdt 47|24 e] 712847), 357 Sof 2
amegol F7hsHe A0 R AREL (Hua et al, 2015).  §717 ol 23] FA/12 YEAgoR 4 WS
TDS b AEAe] ohE THMs S shol HBES FA4sk 57] wie] TME FA4s

Table 5¢f YeE}L (Zi‘:k

TDS F{5Fo] F7istel wet TCM A=
3}t ¥hH, BDCM, DBCM, TBM2 TDS
Z713ko) wel =715k TTHMs YA ke

= reaction site”} Eo|SA o] BAFo] T
3ttt (Zhang et al., 2019; Liu et al., 2018). TTHMs©]
F74e o ol F9H NaClo] A% Br7h Zgso]

Ql7]o] TCMS A 9|3t 3712 s}alEo] Z7lato z i

[ RSN
AR
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At ECh wheba] @423t 3 AA Al
oAl THMs /4 2|a3st7] fleiA=

e T Y Alo] ¥k ofe} NaCl 5%
Aol & wUE o] Zadk Zor ALREh

4. 84 =

2 Ao G4 FY=, pH 183l FEAIT
w2 THMs AJAd=Fo] tisto] 1zksigl o, TDSS| &
Ao w2 THMs AJAdwFe] Wsto] tfsto] &lstgict

1) G4 A= vhg 3 A7 o 51.5%71A] &
27b SPYSEAL o] ShSHA| adhe 1R whgoR
AEE BYoH, da Qo] 78I pHYT &8
S5 23 TDS o] F1A4E Ha A
< Skt

19.69 pg/L=E |t 65% 7F4~3h WhH TTHMs A A &
67.18 pg/LollA] 127.46 ugLz 2t 190% =75}k
4) 4 F=UF, pH, TDS T2 DOC A|Aof| &
a1 oF 20% A|AEE AR BIE k.

Ao 74
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