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The Formation Characteristics of THMs and HAAs
in Chlorination of Raw Water and Raw Water of

Different Organic Matter Characteristics

Sun-Mi Oh

Department of Construction and Environmental Engineering
Graduate School of Industry

Cheju National University

Supervised by Professor Sang-Kyu Kam

Summary

In order to investigate the formation characteristics of trihalomethanes (THMs)

and haloacetic acids (HAAs) in chlorination of raw water of different organic
matter characteristics, the effects of chlorine contact time, organic matter and
bromide concentration, solution pH and reaction temperature on the formation
potential of THMs and HAAs (namely, THMFP and HAAFP) were examined in
chlorination for the samples of hydrophobic (N-HPO) and hydrophilic fraction

(N-HPI) (which were concentrated and separated from Nakdong river water), and



humic acid (HA) (which is known as a strong hydrophobic acid). In addition, the
samples of Nakdong river water (N-RW), Gangjeong reservoir (G-RW) and
Hoecheon groundwater (H-GW) (used as Jeju provincial water resources) which
differ in water quality, were also chlorinated in order to examine the
characteristics of THMFP and HAAFP in chlorination of raw water samples of

different water quality. The results obtained were summarized as follows:

1. The THMFP and HAAFP increased with increasing chlorine contact time, but
their increase were different, depending on organic matter characteristics, i.e.,
the stronger hydrophobic characteristics, the higher HAAFP than THMFP. And
the major chemical species formed were chloroform(CHCl3) for THMs,
dichloroacetic acid (DCAA) and trichloroacetic acid (TCAA) for HAAs, and
those formation ratios to total THMs and HAAs increased for the organic
matter with stronger hydrophobic characteristics.

2. With increasing organic matter ' concentration, the THMFP and HAAFP
increased, but the THMFP and HAAFP per DOC decreased. And the increase
of THMFP were similar, regardless of organic characteristics, but the increase
of HAAFP was higher for the organic matter with stronger hydrophobicity.

3. With increasing bromide concentration, the THMFP increased greatly and its
increase was higher for the organic matter with stronger hydrophobicity.
However, the HAAFP decreased for N-HPO and N-HPI, and was similar for
HA with increasing bromide concentration. The major chemical species formed
with increasing bromide concentration were bromoform for THMs, regardless of
organic characteristics, but for HAAs, dibromoacetic acid (DBAA) in case of
N-HPO and N-HPI, and DBAA and tribromoacetic acid (TBAA) on case of
HA.

4. In chlorination of raw water samples, the changes of turbidity and pH were
small, but those of residual chlorine were much larger for N-RW and H-GW,

which is considered to be caused by concentration and characteristics of

_7_



organic matter.

. The THMFP and HAAFP increased with increasing chlorine contact time in
chlorination of raw water samples, but their increase was different, depending
on the characteristics and concentration of organic matter, and pH. The major
chemical species were chloroform(CHCl;) for N-RW, bromodichlromethane
(CHCLBr) and dibromechloromethane (CHCIBr2) for G-RW, and brominated
THMs of similar ratios for H-GW, in case of THMs. The major chemical
species for HAAs were DCAA and TCAA for N-RW, DCAA for N-RW, and
DBAA for H-GW. For H-GW, DCAA was not formed, differently from
N-RW and G-RW.

With increasing reaction temperature, the THMFP and HAAFP increased,

regardless of samples used. With increasing solution pH, the THMFP

increased, but the HAAFP decreased, regardless of samples used.
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Table 1. Characteristics of bulk NOM (Edzwald, 1993)

Fraction

Chemical Groups

Hydrophobic
Acids

Strong

Weak

Bases

Neutrals

humic and fulvic acids, high MW alkyl monocarboxylic and
dicarboxylic acids, aromatic acids

Phenols, tannins, intermediate MW alkyl monocarboxylic and
dicarboxylic acids

Proteins, aromatic amines, high MW alkyl amines

Hydrocarbons, aldehydes, high MW methyl ketones and alkyl
alcohols, ethers, furans, pyrrole

Hydrophilic
Acids

Bases

Neutrals

Hydroxy  acids, sugars, sulfonics, low MW  alkyl
monocarboxylic and discarboxylic acids

Anino acids, purines, pyrimidines, low MW alkyl amines

Ploysaccharides, low MW alkyl alcohols, aldehydes, and
ketones




fraction

SUVA
m /mg C
6 - 65
4 - 45

35 -4
in this

ChargeZ)
ueg/mg C
5-10
10 - 15
45

of DOC

%

as

AMWY
70
30
65
ND
35
40
60
40

38
1.5
22

Edzwald, 1993)
% of DOC

Fraction
Humic Acid
Fulvic Acid

Weak
Bases
Neutrals
Acids
Bases
Neutrals

'Apparent molecular weight(ultrafiltration)
>1000; ? Negative charge density at pH 8.

Hydrophilic

Table 2. Characteristics of NOM from Forge Pond (Reckhow et al., 1992;
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242 5000-10° dalton®] H9l= FHabe Hujate] wls) wg T RAFon o
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=4 TS t2RAYIE wa o, o &4 pHel wE vhgd 2ol
protonation %+i= deprotonation®thil A ow izl AAF AEHOA=
deprotonation PO &A So]2A(polyanions) FEIE FEAEcH(Viky} Eikebrokk,
1989; Rebhun} Lurie, 1993).
Carboxylic -COOH <« -COO- + H+
Phenolic - OH < - O- + H+
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slthkar W E ol vk (Rook, 1976; Fleischacker ¢} Randtke, 1983; & %, 2003).

DBPsel tfg #A LS 1970 d el SRR X Eo] g dirrir FEEA
LAHAG Al7lo] £H8 HAaL, o] of FHAI 7] HESGES Fidhe =
Arrmd v F22¥E3 I 9te F22HE3 o] AARETE Zo] WAy
2t (Rook, 1974).

ol¢} #& DBPs® AL A&7t 715 A 27H4] FejE &35t {7
2 Bop 2 BAR ASAIZAY B Ao Extd H7F e A 3Eo] AAd
i Bausa vk & f71E FEed HlE daFdEe]l A2 Agees f71E9
TaUAt AR ASEo] APH A, o] uf ExpgFo] E FjtESe] MdEYHow 1
£33l (Stevens 5. 1985; Johnson¥} Jensen, 1986), @AFAFHS Z7HA171H AT
Aol Atstol] oz o] FUIES AEA FFEE AFstEo] DBPs7F AT
H a3t JrH(Trussell ¢ Umphres, 1978; Miller 9} Uden, 1983). THMs A9 +
Q3 HAIYEL WY rE x3stn dE F71E9 haloform ¥F33 A, 47
of o Fx¥= o] WhE2 JhpaidAet R dAR FAEY, A8
AE o] &3 A Z A (Morrison ¢t Boyd, 1980), ©] 39 CH37]9 +4i0]LS a7
AME4 (Cl, Br)el et Fejojty. weba Br o] o] AT w 2F3td
DBPs®| &7} S7bdttta ®Baskal gl

oo

DBPsSl #4%5e 718 54, #1718 5%, £&, pH Br %%, 9279% 2
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1983; %, 1997; Zhang¥} Minear, 2002; <= 5, 2004).

fF71%E 54 mE DBPs9 A4 5 (formation potential) LA EHo|n] nhgk
Aol EAo] ZFat FuAe ¢ DOCY AAE+= THMs2F TOX(total organic
halide)®] 5ol 2% ¥ s Yedo(Table 3 =) F71& & FHatol 7t
2 A mele]l wrgo] 7MA Z Aow Bt YO (Croue T, 1991), =3k 7

(2002)2 S5 sFUTFY A wEk f¥E+=  THMFEP(trihalomethanes

3 AFHA R 30%, 25l oF 40% A
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°] 500 °lte] Ao BAEE

DBPs9 AAdMSEew w=31 THMs A9 50% o)< 2= sk

2

s
e WgEEE meAW UulA 50068 A4e Ao muda gt

Table 3. THMFP and TOXFP of the different extracts (Croue et al., 1991)

Fracti UV254/DOC  Chlorine Demand THMFP TOXFP
raction .
(¢ - m'/mg) (mg Cl/ mgC) (ug CHClY mgC) (ug/mgC)
Humic acids 46 3+02 51 = 2 277 + 34
Fulvic acids 3.1 14 + 0.12 26 £ 2 140 £ 5
Hydrophilic
] 2.0 12500 2 21+ 14 101 + 12
acids
Hydrophobi
YTOPROBIC 2.0 0.27 12 40
neutral

283 DBPse AT DOC FZeohs FdAde] duta Hixi glow
(Babcock$} Singer, 1979), pH ol wa} zte]S ®elttnz B ustxw 9l =, THMs
o] ARTE pH/t ESFE F7HHAN HAAsO AR SE #asts o= Hius
2 dMiller®t Uden, 1983; Stevens %, 1985, Johnson¥ Jensen, 1986;
Pourmaghdas &, 1993). 18|31 DBPs9 AT vA & 29 JFL F2o] =
T5 /e, 999 F20] 20T Ael7k & wf THMso| A2 of 2v A=
°olZ HATn Husta Jti(Peter 5, 1980). 18l AA&FHE 2 HFADS
ZHAZIH A Ed e Abstel] ofs) AAE AEAT stebEol o THMsS 44
o] F7Ietttxy R st uH(Trussell ¢ Umphres, 1978; Miller ¢+ Uden, 1983;
4 &, 2003).

oN 2 o

olr
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ol¢} 2 DBPse AAATE AFol met A3 2w, Krasner 5(1989)2 H] = 9]

9lom, Singer(1994)% " =r¢] North Carolina®] &8¢l
A HAAs® %7} THMs®| F=®th 40% =4 AE= Atk ®aski glow,
s S S syl de] AFAI(FA S, 200D oJstH W= B AFFozy
H 1997958 20009 =7HA] 4 1 43] 16xkEel AA At A FAEE
15 55970e wiE] DBPs®l AAdss F4 AR
TCAA= ZtZ AA Al59] 90% 2L 84%° A 0.26-24.3 ng/L,
0.12-32.8 pg/L A= a, ol tE HAAs Hlal F&7F =goH,
0.02-18.8 ng/L= AZ%HA o™, o] ¥ DCNA(Dichloracetonitriles)o] th& ZFol #]aj

&

>

2 dAste] Aged =
HAAs < DCAAS} .
HANs+

M =8 T2Vt =%k31, THMs S ol chloroforme] 0.15-64.4 ug/L7} 7 &= St}

3 wBusta gk wEkd A7) A3 2RE 7 DBPse AT A9 2 A 7]

el Wate] BAdE FE AAVAE, AFAAE, T35 Soldey dAe= &
2HE 4

mg/LFol A pg/L o2 Zr3Ea 9th

DBPsol 93t 47|+ 19799 EPA7F S84 ¢ THM 552 AE3F7] A

A3l 93, WHOSI & 19844 olo] s E7A7122 44% olF 4adnit Nz 7

i
iy

A7ES vhestel AAl 194G =] tatel pelstm QoM 1 F 19003 HE ¢
guets ME we tetsel 71ES vhdste] Astn Atk Tela H2 B4

%ol Wd g tlE DBPs, oS £W, tRZolA EAHHAAS, haloacetic acids), & & o}

E}o] E & (haloacetonitriles), &% 7 = (haloketones) S0l #47]%0] g5o] ol
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DBPsell #g A= HA I 3l

A =W He=solA DBPse rAl AxES WEe vma 22 AzlselA
DBPsell et fald B7ket ol s 5S40 et 24 dFS Bt e,
oli= ob# =i 7]wko] DBPsell Wigh Al Fald HAE ol FFHs7A oln|
DBPsell t3h #efd A57F GHREe] glo] 2d o7t glv] wolth

=2 AL AEA 9 DBPsol #3F A (Disinfectant/Disinfection By-product
(D/DBPs) rule)s %3 1998 11¥ o] F 197 (Stage 1) 73] &% o THMsE
80 pg/L, monochloroacetic acid, dichloroacetic acid, trichloroacetic acid,
monobromoacetic acid®} dibromoacetic acid 59 HA FTFHFES T3 HAASE 60
pg/LE ©A ¥&E qrAleaL, 2003 o] % 29HA] A=Ae DBPsel #3k 9t
(D/DBPs rule Stage 2)¢] A 4% THMsz HAAs7F Z+7F 40 ng/L, 30 ng/Lo &
ZetE ATHE 5, 2002). =uolA DBPsoll gt fAl+= THMs, SZ22X5F 9
20033 B AR 10WHE o)/ Aol Aldstar glom, 20049 7EHE 10

WE olste] A5AAAE AT FRoT AT B FEL wa

i

A= Wol A
HEAQd HAAs®t FH=2H3lol=9o]E(chloral hydrate), HEZEoIMEUEZ
(dibromoacetonitrile), T & % & o} 4] &Y E & (dichloroacetonitrile), E#]EZ Z oA EY
E H(trichloroacetonitrile) 5 77135 tiste] ==
ATh FEvetel WHO % dxl=oA] Hessd7]
% 71%# A5 Table 4 YeRU AT

A el M &=

FA7ES AR tAlsk
==
K3

8

L ookdstn pAv Rl A3 SERE AN Sletel o we sl L ohE
Wi wmd ogo] B4 @e 95E Asdn Y= Fr: 43

DBPs®| A=} =A vehd AEA0 de] 3 ZA7E Hojop & Ao gekw
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Table 4. The regulation

several countries (Ministry of Environment, 2001)

standard of DBPs for drinking water

(unit : pg/L)

Compounds Korea WHO USA Japan
Total 7 19 3 10
Trihalomethane 100 - 80(40") 100
Chloroform 80 200 - 60
Bromodichloromethane - 60 - 30
Dibromochloromethane - 100 - 100
Bromoform - 100 - 90
Chloral hydrate 30 10° - 30™
Dibromoacetonitrile 100 100" - -
Dichloroacetonitrile 90 90" - 80™
Trichloroacetonitrile 4 1" - -
Chloroacetic acid - = -
Dichloroacetic acid 50" 40™
Trichloroacetic acid 10 100" 60(30°) 300"
Monobromoacetic acid - - -
Dibromoacetic acid - - -
Formaldehyde - 900 - 0™
Cyanogen chloide - 70 - -
(as CN)
Ethylendibromide 0.05™
2.4.6-trichlorophenol - 200 - -
Monochloramine(mg/L) - 3 - -
Chlorite - 200" - -
Bromate - 25" - -
Chlorine (mg/L) - 5(0.6-1.0) -

in

" provisional guideline value; () aesthetic guideline value; ™ monitoring compounds; *

the regulation standard applied after 2003.

_13_



Az X B

® 79 DBPsSl 445 WEE Ad A8 T 4FAFE e 2k
4574 95 (N-RW)

O A gt AAZFH FAANA AeS
@ Ard 9573 9542 AL FH(hollow fiber-polyacrylonitrile, pore size: 0.01
) R Gt (Hydronautics Ltd,, ESNA-2540, Spiral wound with polyamines,

salt exclusion ratio 99.4%)°] 93] FT=3F0 1L, ©|= standard methods(1998)2] HFHH

of wg} E#3F HFA A E(hydrophilic fraction: N-HPD) % A4 AHE
(Hydrophobic fraction: N-HPO)
- N-HPI ¥ N-HPO®| #8344 o33 2t
457 AFdFN-RW)Y sFHFE @atezg pH 27 HE=E xH3 F
Amberlite XAD-8 resin (Rhom ¢} Haas, Philadelphia, PA.)o] 2% g 2ol oj
s

% 05-1 mL/min®l $E2 E3AZ F 27 10 mL 7+Ee) oJuse w7)En
Fol A5 AFste] N-HPI A2 3t

N-HPO A&+ XAD-8 resinl 52% 315 0.IN NaOH 50 mLE XAD-8 resin
o] =X%® #2249 (pyrex glass column, 2 cm id. x 25 cm long)ol H&F=Z &9
Bu 2ZA7 T gaks Abgste] pH 274 WEa, Yol w3 A (Bio-Rad
AG-MP-50, Richmond, Calif., USA)°ll 05 mL/min &£%=2 oAHAA 355 AFH 3
o gl¥ N-HPI ¥ N-HPO Als+ AF&37] Aol HNOy/NaOHE AF&-3te] pH
6-8= A3t th. N-HPO9 N-HPIE= DOC ¥%, Alze] < % A3 AN 55
L ko] 30-70uf 3] A} ste] AR5t

o714 XAD-8 resine AF&3}7] Aol resin AA9] DOC F&7F =7] wzeol

soxhlet F&FXE o] 83} hexane, methanol, acetonitrile(HPLC grade, Merck,

Germany)® 27} 24417 E¢F &3 5 0.1 N-NaOH &0 HAA|A 2447 Al



A

= ol
2 T Y

2
&7 DOC &

(Leenheer, 1981).

=

2,
N
Ho
Ac)
i
o
=2

FXAIA 37 F7F, 0.1 N-NaOH, 0.1 N-HCl& A}-&-3to
7F 02 mg/L olst= & wf 74A AHS sto] AREElY

H

@ Wz F71E2 A8d F9 khumic acid) A5 E F94HAldrich Chemical Co.,
USA)S 25g # &t 0.IN-NaOH 500 mlell *¢1 $(5g/L) A4 o] (Whatman)
2045 m  GF/C filter®2 o7 & o] 02-20 mg/LE A5,
0.IN-HNOy/NaOH=Z pH 6-8% %43 thHHA).

@ AFE AALA BAFAAZTE AFE A5G-RW)
® AFE FAYFE] FAVOR AFHT Qe 0D AHEH-GW)

271 Almel 4 54& Table 59 v N-RWaHE g3 A5 A&
(N-HPO)#} 2l i (N-HPD®] B]&= 56% : 4%= 9(2003)] Hargh s ¢
gk Aatolit o] F(199) % & 5(1999)0] Hargh =l A= Foll 48 Aol 50-70%7%
LR A AEET ke et deldhs B, ol e A9 54 B Al
A7l w Zfol7h dgS Hol Fi vk pHeE 7.0-78%W9IE EAA, Br wEE
N-RWell A 0.08 mg/L, o]Z% ¥ #5ato] 83 N-HPO % N-HPIoA 747} 0
mg/L 2 081 mg/LE B, G-RWE 0.02 mg/L, H-GW+ 0.03 mg/LE 2%
o},

NOM®| E&3tst4 544 UeEh UVaesy/DOC x 100(£ - m /mgC)2 )5
SUVA (specific UV absorbance)= 7|72 Forge pond=%-

o=

i
)

B
©
f‘g

¥ 2t NOMo =
;e Holw, F

o A4 AR H ) T JE9 SUVAQB4L-4), 4 9 47149 &254
1 o]3le] ¥r& Zr& HolH(Reckhow %5, 1992; Edzwald, 1993),

T FrEah b 9 o JhA] AeRFE Aol SUVA HolHE o] &3t

DOC 545 HAES dlo] 9dhH 1 Fto] 4-50]H 4% DOCE v SUVAZLe

e
BE R AFA A FYAL 64, BUAS 4ol gow ¥

rlo

o] AL A& F71EQ v FUARZ FAAEA Advhkar A A tHEdzwald®lt van
Benschoten, 1990). ¥ 7oA Alg¥ SUVAZES 1.15-8.119 ¥H=E tpssk 3Hs
Ao, o5 ArldA AAE P vustd AFE 5 (G-RW) 2 Ak ¥

_15_



FH-GW)S) DOCE WHE 1A #7189 Fo gRoz Fy=o) o, 4573
N- < 2. B

192 A7) 9] 9

tlo
=
HE
rlo
N
o
fz
32
o
o>
o
i)
&
rir
ults m
ol
®)
S
S
@
o
s
=
o
e
ol
(o
o
o
=
o)
o
(o

o A Ask@AAAe  FHF FAFSHAL, Huang® Yeh(1997)o] Mgk
Feng-San A+% A28y 283 4 2544 A2 2 0.77-1.99 BHul= =2 3t

= Bt old A¥uRE Aeds 24 Ao SUVAG2 Ao wet ddat

Benschoten(1990)¢] A A3+ NOM&] EAld W& SUVAZLY Bl dle] EA3H o
o B2 HluEy Aol G {U|EZ FAAH A& FHeE F4H aea

o a%4 W A54 §7182 P Joa Az,

Table 5. Water quality characteristics of raw water samples used in this study

Item N-HPO  N-HPI HA(Img/) N-RW  GRW HGW
pH 7.0 7.0 7.0 7.0 7.4 78
DOC(mg/L) 32.36 27.63 0.535 2.66 0.48 0.37
UVosylem ™' ) 0.711 0319  0.042 0.048 0.031  0.030
SUVAY

. 2.19 1.15 7.92 1.84 6.45 8.11
(£ -m /mg)
Br (mg/L) 0.87 0.81 ND 0.08 0.02 0.03
NH3;-N(mg/L) ND? ND ND 0.24 ND ND
Fraction(%) 56 44 - - - -

Y specific UV absorbance(UVas/DOC x 100), “ not detected.
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>
oo

ke
TE ANEE 4CoA4 Y nasgdon, A5 &34 718 4L ¢
£ 045 um GF/C filter2 o33 T DOC® 254 nmolA FTFHE=E A3
DOC= TOC analyzer(Shimadzu TOC-Vcpn)® total carbon(TC) ®%$¢} inorganic
carbon(IC) #EE& A3t 1 Ao]2FE Fsdem, UV UV-Visible
spectrophotometer(Shimadzu UV-1601)2 =A3 3tk A8 59 Br <& Ion
chromatograph (Dionex 500)%, NH3;-N¥ &33% %% (Indophenol®, Shimadzu
UV-1601), pHE= pH meter(Orion 250A)E AFg&3lo] =435t}
DBPs(THMs, HAAs)®l AAde A@> Hes FAIZAFEEHEQ002) %
Standard methods(1998)°l] Fale] A8t ow, o]& tets] Aelstd a3 2.
Alge] pHE 6-8% ZAs, A& DOC %9 4ujdl] dds= dasesd F+YT
(9 &, 2003) dAe =0 FujgrleA 30E-6Y wiFe AL, W F wie
S w2 DPD¥H A 93k ZHF<A 4 ZA 7] (Orbeco-Hellige, model 942-001)E o] &3}
o AFAXFEE, B G=A(HACH 210008 AH&3te] F4st9oH, dHFd94
of o] F7k4 <l THMs, HAAs A& AAsH7] f8] 27 NasS:05 2 NHCl=
A 7bsk S
kel ARl MAE DBPs & THMs Al %2 chloroform(CHCIls3), bromodichlo
-romethane(CHCL:Br), dibromochloromethane(CHCIBrs), bromoform(CHBr3)ll tf 3f
autosampler(Varian Archon Purge and Trap Autosampler)E *2+gl Purge & Trap
} 4] (Tekmar Dohrmann 3100)& ©]-83Fe] GC(Varian CP 3800)/MS(Varian saturn
72 Table 69 YERR ST
HAAs A& monochloroacetic acid(MCAA,

2200)2 =R A om, oo &
A E DBPs

Hj ke Al 5l A

e}
=
Aldrich, 99.8%), monobromoacetic acid(MBAA, Supelco, 99.9%), dichloroacetic acid
~bromoacetic acid(DBAA, Fluka, 98%), chlorodibromoacetic acid(CDBAA, Supelco,
99.9%), tribromoacetic acid(TBAA, Fluka, 98%) %< 97}x HAAso| thal 34k 4t

(DCAA, Wako, 99.7%), trichloroacetic acid(TCAA, Wako, 99.8%), bromochloroaceti
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¢ acid(BCAA, Fluka, 97%), bromodichloroacetic acid(BDCAA, Supelco, 99.9%), di



A Z7A A MTBE(methyl tert-butyl ether)=

)

g

GC-ECD(Varian CP 3800)=

}o] autosampler(Varian CP 8200) 2

5|

A 3}

[e)
=

of wel 47H4 s=E =4

=
T

S/N=3

A=

=
=

4

el 2t THMs 2 HAAsY

AAgstel 4kt

o

)

)

Ao wE DBPs A
A #(N-HPO),

E
=

F718

, 1231

9]

oh
| ®okal, 71Er A

148 A] ol
I

k3

30-70HH
0.2-2.0 mg/Lel t

KN
L.

/& (N-HPI)

A7

pzel

o

A

AF
=

3

w2l HAE=

Al 7

-
R

T(N-RW), AlF%= A

o2 ol g5

o

o
2

(G-RW) % AF= FqFa4d

=
T

<

9

o))

00

wA
M

el
00

At

J|

ffelA HE

6-8, =X+ 5-25C W

R
i

-6Y, Br ¥ %=+ 0-2.0 mg/L, pH

30%
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Table 6. The operating conditions of purge & trap apparatus, auto sampler, gas

chromatograph and mass spectrometer

Autosampler for

Varian Archon Purge and Trap Autosampler
Purge and Trap

Sample loop 5mL
Sample vail 40mL
1) Pugre & Trap App. Tekmar Dohrmann 3100 sample concentrator
Purge time 11 min
Purge flow 30 mL/min
Sample mount 30 C at low
Sparge vessel 5 mL
Desorb 2 min at 250 C
Trap
Bake 10 min at 260 C
Gas chromatograph Varian CP 3800

Instrumental Setting

624 CB(WCOT fused silica), 30 m long x 0.32 mm

Column
1.d.'x 1.80 um film thickness
Injection type, mode 1177, split ratio 30
Injector Temp. 160°C
Carrier gas He
Column flow 1 ml/min

Temperature Program
307C, hold 4min, 5C/min to 60C, 10C/min to 1807, hold 3min

Mass Spectrometer Varian Saturn 2200
Manifold temp. 125C

Scan rate 1.0 s/scan
Filament delay 4.0 min
Background mass 45 u

Mass range 47 u to 260 u
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Table 7. GC operating conditions for analysis of HAAs

Instrument
Detector

Varian CP 3800, USA
Electron Capture Detector(ECD)

Instrumental Setting

Injection Volume
Injection type, mode
Detector Temp.
Injector Temp.
Carrier gas

Column flow

S/N

Temperature Program

Oven temp.
Initial time
Ramp rate
Final temp.
Final time
Ramp rate A
Final temp. A
Final time A

Column : DB - 1701

Material

Length

Internal diameter
Stationary phase
Film thickness

2ul

1177, splitless
280°C

160C

N2

1 m¢/min

3

40°C

min

3C/min

120C

4min

10°C/min

EAASHE

2min(tatal 49.67min)

14% Cyanopropylphenyl
30m

0.32mm

DB-1701

0.25um
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1. K718 SHYol mE THMs I HAASS| MM EM

715 54 wE THMs 3 HAAs® A4 54L& HESZ] 98] N-HPO,
o= oo DOC w=el s 244 &= daeg=s T4

=
T A9 gl AT wistel THMs % HAAs®| B4 55 29

T
oo

F T FNEY daet AT YA EE DBPsY AT 718 54 2
obel HEAT wet aA GEt e Ao 28 At (Huang? Yeh, 1997 4,
2003). fr71E A me daske] FFAIA ©rE THMs 9 HAAs® A5
AEs 7] Y8l 508 343 N-HPO(IDOCI= 0.647 mg/L), N-HPI([DOC]= 0.557
mg/L) 2 1 mg/Le HA([DOCI]= 0.535 mg/L)ell tiall Z} Al5 DOCY] 48] i
E F93ke] 20T incubatorol A 05, 1, 3, 6, 18, 24, 48, 72, 96, 120, 144417+ A=} %
THMs % HAAsE Z43te] 1 Z3%E Fig. 1-50] YepdiAth

Fig. 1& fr71E SA4d wet dL8FAe] 2 DOC F%o g THMs A
A 5 (trihalomethanes formation potential, THMFP)S UEld Aoz 13 oA H]

o2

bt

A wkeh Zo] AaHFA ] FUMEFE THMFPe|l $7Hgs <4 5 AUtk &
=9, 69 d2%4% Fo THMFP/DOCS N-HPO, N-HPI 2 HA®l tia] zt7} 426,
36.7, 47.8 png/mgCo® 19 we] 193, 19.2, 166 pg/mgCez 6% A2HE=A7e]
THMFP/DOCS 19 @43 FolA 2ok zkzh 229, 1.99, 299 v]& =2 F7hstlh
agla 7 {7189 dAFFAZe e THMFP/DOCE 4% ®wW N-HPO %

N-HPI°l tiaids= 28 A2 EA T #AAQle]l H=3 ¥ 22 Boy &3 7
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-

AEAN] FAB5E 27 A AL L 5 AU webd el 2
4 kel Feakel @gslel Ak ARe] 4§ THMFP/DOCE & A7l A: o

b ARREA ] FHASE A FAES ¢ & Ak

g

——N-HPO —A—N-HP| —@—HA

N
(é)]

w
o

THMFP/DOC(ug/mgC)

—
()]

0 24 48 72 96 120 144
Chlorine contact time(hr)

Fig. 1. Trihalomethanes formation potential (THMFP) per DOC with chlorine
contact time for different organic matter (N-HPO, N-HPI and HA). The
concentrations of DOC for N-HPO, N-HPI and HA were 0.647, 0.557
and 0535 mg/L, respectively. The chlorine dosage, initial solution pH
and reaction temperature were [Cl]/[DOC] = 4, pH 7, respectively.

Fig. 2= A7 2 f71= dal dA&4FA3(1-69)0 W& & THMsol| gt
CHCl; ¥ brominated THMs® A4 Hl&S yeld 28 o2 N-HPO 7§ CHCl
©] 90% o)A, brominated THMs(CHCLBr)o] 10% w¥F HAS ¢ AX CHClzo)
I, N-HPI:= CHCIlse] 43-47%, brominated THMs(CHCIBr 36-41%, CHCIBr,

15-20%)°] 53-57% 0=, AFA F7lE AL daA4gA A HE THMse iy

s

F CHCho = AAEY, FA 7715 AHAELS brominated THMs©] CHChETF =&

He2 AddEs & 7 At 2y & ez = CHBrs= A4S A &9kt
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EICHCI3 OCHCI2Br

¥
o
®
i
24 48 72 96 120 144
Chlorine contact time(hr)
b) N-HPI
EICHCI3 OCHCI2Br BICHCIBr2
100%
80% |
X 60% |
°
= 40% |
fid
20% |
R o ‘ ‘ ‘ ‘
24 48 72 96 120 144
Chlorine contact time(hr)
c) HA EICHCI3
100%
80%
R 60%
°
= 40%
i
20%
0% ‘ ‘ ‘ ‘
24 48 72 96 120 144

Chlorine contact time(hr)

Fig. 2. The ratio of CHCIsFP and brominated THMFP to total THMFP with
chlorine contact time for different organic matter (N-HPO, N-HPI and

HA). The reaction conditions were the same as those in Fig. 1.
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Fig. 32 A7 #7189 W8 d4&H A7 uw& HAAFP/DOCS YEH FHe
2 THMFP/DOC$} w7t A 2 AAHFA 7] St wel S71shs &
t}.

&
X2
32

160

—8-N-HPO —A—N-HPI —@—HA

-
N
o

HAAFP/DOC(ug/mgC)
[e0)
o

i
o

0 24 48 72 96 120 144
Chlorine contact time(hr)

Fig. 3. Haloacetic acids formation potential (HAAFP) per DOC with chlorine
contact time for different organic matter (N-HPO, N-HPI and HA).

The reaction conditions were the same as those in Fig. 1.

a8y, Fig. 4914 B9AE {718 540 wE THMFP/DOC 2 HAAFP/DOC
= zZolE YEYS 4 F At N-HPOS 49 THMFPXR T} HAAFPe] #=om,
N-HPI®] 7% THMFP¥ HAAFP+= H]s2stil, HAY HAAFP7F THMFPETH €4
Eae ¢ F Utk =, 169 dAHFAIlA HAAFPE= THMFPSE Hl st 1
] 1-1.39), N-HPI¢] 4% z}7z} 0.8-1.19), HAS 4% 27 26-35
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T AELS JEA AR BT HAAFPo] THMFPo| Hl&) z+7+ 1.8-2.44),
0.9-1.1¥1, 1.3-2.98) A= ATHL Rl =, 7]
ARE A T Aot vustd, 7Y A5 ARl AHE A fA 4
T ootk LElv & F(2004)°] S wiEl Aol dis) 20029 6€

Aol A 2477 AAaHF A HAAFPS THMFEPe| ]

05" EYoa ®Hista e

6.4-86, BtE¥= 35-745 NTUR & #ol& Ryctty ®usty 9, ®=3 159 o
ToE AAEA LA £F9 Br H% zol® THMFP % HAAFP #&9

Table 8-102 7] F71=°l sl dxHFA7bel wel 4% = 72 HAAFP9
% HAAFPOl th3t vl &S yed ez N-HPOS 7§ DCAASH TCAASHS] A
o] % HAAFP9 95-99%, BCAA® AAso] 1-5%, N-HPI®| 7% DCAAS
TCAA &9 AA o] 62-74%, BCAA2l A4 5o 20-26%, DBAA 34 5°] 5-8%,
BDCAA B4%5< 0-8%, HAS 7% DCAASH TCAA e BG5S 100%= A5
T FUIERRE AT HAAst dli-iEo] DCAASH TCAAeH, 44
QR f71E2RE AA4¥E HAAsE DCAASH TCAA 2ol BCAA, DBAA,
BDCAA 59| brominated HAAs® Ut AAHES & F Ao, o9 2 Anes

S(2003)0] AbEE 7 A4 B FAdo] A Ash dgel diE] ®Rae Ave}
ALl fAkekith. MCAA, MBAA, CDBAA % TBAA 5& EE {72 AZdA

A=A sk

o,
o,
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BTHMFP AHAAFP

a) N-HPO

50

40 |
30 |

(0Bw/Bn)D0A/d4dad
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0

Chlorine contact time(hr)

b) N-HPI

AHAAFP

B THMFP

(hr)

Chlorine contact time

ZHAAFP

BTHMFP

Chlorine contact time(hr)

Fig. 4. Comparison of THMFP and HAAFP per DOC with chlorine contact time

for N

HPO, N-HPI and HA. The reaction conditions were the same as

those in Fig. 1.
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Table 8. The ratio of each HAAFP to total HAAFP with chlorine contact
time for N-HPO

Chlotrmte DCAAFP  TCAAFP  BCAAFP (DCAA+TCAA)FP
tf;t f;r) JHAAFP(%) /HAAFP(%) /HAAFP(%)  /HAAFP(%)
0.5 52 43 5 9%
1 51 45 4 96
3 48 47 5 9%
6 51 48 1 99
18 46 53 1 99
24 43 54 3 97
48 42 54 4 96
72 45 51 4 96
96 43 53 4 96
120 45 51 4 96
144 46 50 4 96

Table 9. The ratio of each HAAFP to total HAAFP with chlorine contact
time for N-HPI

Chlorine oA AP TCAAFP  BCAAFP  BDCAAFP DBAAFP  (DCAA+TCAA)FP
tfr‘l’fetf;rt) JHAAFP(%) /HAAFP(%) /HAAFP(%) /HAAFP(%) /HAAFP(%)  /HAAFP(%)
05 44 30 20 0 6 74
1 46 28 20 0 6 74
3 43 28 22 0 7 71
6 44 26 23 0 7 70
18 44 24 24 0 8 68
24 42 26 24 0 8 68
48 43 25 26 0 6 68
72 42 20 24 8 6 62
96 44 21 23 7 5 65
120 43 19 24 8 6 62
144 45 20 21 8 6 65
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Table 10. The ratio of each HAAFP to total HAAFP with chlorine contact

time for HA
Chlorine DCAAFP TCAAFP (DCAA+TCAA)FP
contact time(hr) /HAAFP(%) /HAAFP(%) /HAAFP(%)

05 51 49 100
49 51 100

46 54 100

6 44 56 100

18 42 58 100

24 40 60 100

48 36 64 100

72 34 66 100

96 36 64 100
120 32 68 100
144 32 68 100

TF 71 §%E THMsO Ao 93 vAe= oz dEAd AvhE,

2 sk Wge w& THMFP %
TE WAL o]d] mE AAFUFE
5 7 A8 DOCY 4ulE F3tar 24412k &< whg-AlA THMFP % HAAFPS
Fig. 5, DOC% &=l th3 THMFP ¥ HAAFP<S Fig. 60 Yehfich

Fig. 5, 6014 HolA= nte} Zo] f71E %7t S7isel wel THMFP %
HAAFPS %718ty DOC % 9 THMFP % HAAFPS #4ds &4 &+ v #+
715 544 wet f718 v%9 7k wE THMFP % HAAFP, THMFP/DOC
2 HAAFP/DOCE 43 B N-HPO¢ 7$ DOC7F 054 mg/LelA 1.08 mg/LE,
N-HPI®] 7% 046 mg/LolA 092 mg/L, HAS 7<% 054 mg/LelA 1.08 mg/L&
Z+ fr7l=e] sEE 2w S7FelS W, N-HPO, N-HPI % HAe°| ois] THMFP
Zkzb 17290, 1.878), 1.8281, HAAFP-2 7+7b 1618, 1.518, 1.7581, THMFP/DOC

rlo
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Fig. b.

0.864], 0.884, 0.908), HAAFP/DOC< ztzb 0814, 0
2 THMFP/DOCS #7118 ZFFol TAGlel A Ag¢S Heon
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The effect of organic matter concentration on THMFP and HAAFP for
different organic matter (N-HPO, N-HPI and HA). The reaction
conditions were the same as those in Fig. 1, except for chlorine contact

time of 24 hr.
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Fig. 6.

—8—N-HPO —A—N-HP| —@—HA
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The effect of organic matter concentration on THMFP/DOC and
AAFP/DOC for different organic matter (N-HPO, N-HPI and HA).
The reaction conditions were the same as those in Fig. 1, except for

chlorine contact time of 24 hr.
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3) Br =9 g

brominated DBPs7} A4 5w, o]o] A% Br s%, f71d7E4d 54 /¢
#rta ®wusa Joh(Huang? Yeh, 1997; %, 1997). 1} olol tidt A+ #7]
22 g2 Fuid dia], 2lx DBPs: THMsol W& d77F Fadget
(Minear %, 1980; Oliver, 1980; Stevens %, 1980). ¥ d o= #7158 EA4 2
Br sXxe & DBPse AA45S HES7] A8 47 f71%° did] Br %% 0,
05 1.0 ¥ 20 mg/L2 77t A d4LFEE AHE DOC vx9 485 FH7hst
T 24A7F ¥bAZ S W) THMFP/DOC 2 HAAFP/DOCSF A== 7+ 88t5S
AEsHA . Fig. 7% 82 #H7Me Br skl W& 7 #7]&¢ THMFP/DOC %
HAAFP/DOCE YEtA Aoz TIfolA Holx= npet o] H7bE= Br v%7F
Z7 etel wel " rEA #%S wW Bk THMFPS N-HPOS 7% 3.13-4.12wH,
N-HPI®] 7§ 2.29-2.508), HAS] 7% 598-75782 71+ Br sX7F 571l
w2} THMFP/DOCe= Al S7Fetdon, w3 f7]= S/l wet zols RS
g F AdT F, FUIES A0 AEFE THMFP/DOCE $7HES & & AN
o} olg g A= $(1997)°] HAYl Br %5 0.1-32 mg/LE 3 7tsta

AlZEE 24x7k o 2 39S W THMsO A5 H7bebA &oks o 2ok 1.4-6.99
Stttk Aol fARe S Bds o Adrh

Fig. 8& #H7l¥ = Br % Z7lo] W& HAAFP/DOCE 4YEld Aoz H7ly

)
&
32
tlo
=)
i}
Z,
an

~-HPO* 0.64-0.52v), N-HPI&= 0.75-0.688, HA® 1.01-1.13W =

F718 5l weh zols molw, e LA 4k HATRol A ¥yt gllen

N-HPO®} N-HPI+= 238 ZA #43S & 5 Atk ol& N-HPOS 49 Br o

HAFE A %S wf gFES 83 9= DCAAS TCAAZL Br ¥%9 Z7}d
qe

whet A A4S L} o]o] t$3= brominated HAAs7F A A &gty &
o]a, N-HPI®] 7% Breo] H7FHA &Z%e w 9A] gifES AL U=
DCAA, TCAA ¥ BCAA7F Br &%9 F7bel we} A Aoy oo o3

3}= brominated HAAs7} A H A &9k7] wtolth. 28y HAS A% Br o] #7)
A ekke u dFEES XA 9= DCAASH TCAAZF Br %9 7o wal
A FAEF o old th$3E= brominated HAAs7F A E A 7] W&o HAAFP
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S Br X W3lo] ugl Ao WS Holx gkth AA A]F<9 N-HPOS HA
E vwdtd B WS zHoq N-HPOE Br wX9 F7bol wet HA7EA &S
o o REES A st 9di= DCAASH TCAA(98%)7F 35-28% = 7431 DBAAE
46-66% %2 Z7hst o HAS 49 Br 7MehA &U%S 4$ AAEE DCAAY
TCAAE DBAAS TBAA7ZF Z+Z; 34-39%, 35-52% =2 £ 4244 #7102 3ty
g ols FASE 7180 wEt AAdEE HAAsY AAds 2 AAEE §stFol
Aols HAS & F AAHFig. 10 FF). F, 254 A& FolA HAS ke &
7V 45 Br Fx9 T7bel wEl HAAFP: Br o] H7bE A eeks 4S9 vus)
of 11 AolE A& Aoz dekEr
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Fig. 7. Effect of bromide concentration added on THMFP/DOC for different
organic matter. The reaction conditions were the same as those in Fig.

1, except for chlorine contact time of 24 hr.
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Fig. 8. Effect of bromide concentration added on HAAFP/DOC for different

organic matter. The reaction conditions were the same as those in

Fig. 1, except for chlorine contact time of 24 hr.
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Fig. 9 ¥ 102 H7FH+= Br s%29 F7he wel A4d=H= 24t THM % HAAS
% THMs % HAAsol dig A5 v&S yvebd zolth. 24t THM® & THMs
o 3 AT H&S(Fig. 9, N-HPOO 7% Br o] H7/FHA &gkS o
CHCls 91%, CHCLBr 9%= CHClzo] tif-#olloy 7tE+= Br s=7F 05, 1.0
2 20 mg/LE S7Hdel wel CHCl2 A=A %31, CHCLBr 5-0%, CHCIBr:+
19-6%, CHBrz= 76-94%% Br ¥%=7} £7lgo) wz} A4 brominated THMso] A3
A ¥, CHClE Hd X9 CHCLBr, CHCIBr»Z AA CHBryol 2 AAES &
T AUk N-HPI®] 4-%%= N-HPOS$t frAtstAl Br o H7F#A &S w CHCls
41%, CHCLBr 30%, CHCIBr; 19% 1oy Br X9 Z7tel we} CHCl;, CHCLBr
< A EA &3 CHCIBry = #H438tHAl CHBrso] 81-95%= CHBrzo] +=2 443
= & & vk HAS A9%= Hx CHClz o] 100% % ou vh& fF71= et wpztrt
A2 Br s%9 F7b wel CHBrsol 82-100%% 2 AAHES & 4 AUk

7} HAA®] & HAAsol W3 459 ¥&2(Fig. 10, N-HPOS 4% Hx
DCAAS} TCAA®] o] 98%, BCAAZ} 2% ¥ oy H7FEE Br %7} 05, 1.0 2
20 mg/LZ ZF7tgel uwel DCAAS TCAAQ & F HAAs9 35-28%, BCAAE
20-6%, DBAAE 46-66%= Br w%7} Z713to] wel H o) BCAAS 713 DBAAS
2 AgEda, N-HPI®] 4§ HZE DCAASH TCAAS o] 68%, BCAAZF 24%,
DBAA7F 8% 21 Br s%7F F7hstel wel DCAASH TCAAS 2 34-30%,
BCAAE 22-11%, DBAAE 44-59%%= Br ¥%=7} Z7betol wtel DCAA, TCAA 2
BCAATE ZA #4393, DBAAE Al S7HES & 4 Adoh 28y A7)
N-HPO % N-HPI= # Br &% % WAt A TBAAE AAGHA &3tk HA
o] A$= Hxol: DCAASH TCAARE AAHEJoY Br F=7F 05 1.0 2 20
mg/LE Z7tgd wal o] 7e 8-4%= AA 7HAE% i, BCAAE 9-2%, DBAAE
34-38%, CDBAAE 14-3%, TBAAYE 35-52%% DBAA % TBAA7 & HA4ES

& 4 UdAd Yo Az HE B wgExHeA Br wx7F T7MEe wel N-HPO
9} N-HPIE= tha zbol: A% DBAAZE, HAS S DBAAS TBAAZF 2
AdES &4 4 AdTh
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a) N-HPO
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Fig. 9. Effect of bromide concentration added on the ratio of each THMFP to
total THMFP for different organic matter. The reaction conditions were

the same as those in Fig. 1, except for chlorine contact time of 24 hr.
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c) HA

A (DCAA+TCAA)FP EEBCAAFP EIDBAAFP OCDBAAFP MTBAAFP

Bromide concentration added(mg/L)

Fig. 10. Effect of bromide concentration added on the ratio of each HAAFP to
total HAAFP for different organic matter. The reaction conditions were

the same as those in Fig. 1, except for chlorine contact time of 24 hr.
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4) g% 9 pHol 94
HFA o @ wrgg o] w7l EolA4E DBPsY AT SUbEH, vHEE
o] pHel we}l THMFP 3 HAAFP2 #ol7F v oz deAd dth(Peters &,
1980; %, 1997). 2 Ao Al&" #7129 tis] THMFP 2 HAAFP] WX b
Sero JdFS HESV] fE 74 AlEe] s SR EE 5 15 2 25T E ®shA
A 1 9FE AES] Fig. 11 2 120 Yehdoh 2ol A Hejx= upep o]
S =7 ol wEl THMFP % HAAFPS S71stlon, Z7F&8 5TolA
25C= 20C Eobdel wel N-HPO= 7t 1.954, 1.65%, N-HPI= 2234, 2.174,
HA= 200, 234W 2 f71&9] FR7 wet S7H&2 vt 2o]& Hol AWk Peters
5(1980)¢] Hargh Whg-2%=7F 20T kel & wf DBPFP2 oF 28] A9 ZpolE K<l
the Adker AR e
B Abgd f7]1E0] sl THMFP 2 HAAFPel v x|+ wFg-& o] pHe
dFS HE}7] 98 72 Aol s pHE 6, 7 ¥ 8% WIAA 1 ARE Fig.
13 2 4ol Yep AT 2"elA Bl = uvpep o] §bg gl pHYF dote]
dom ZAFE [F7|EY TR BAGlel THMFPS S7Het3 &1 HAAFPS 74

19

N

S & F A} F pHIF 604 8% AHFAA dtE] dHo R ASE N-HPO,
N-HPI ¥ HA©l tha] THMFP2 z+z} 2934, 2,024, 1.314] 5718kl o1 HAAFP
2 ZFzF 0479, 0.84¥1, 0.898) 7HAsESith o]o didl Peters & (1980)¥ Miller<}
Uden(1983)> THMs®] A4& dA7|Fuist AAeolnz whg-& 4o pHYl d7teAd 2
2= A4E FUheb, HAAsE THMseF @] AbdzxdoA o wel AdEtty ®Hi
stk ol#d A= $(1997)°0] Had Fujak g pHYF LIl A A=
THMs7} S7bethes 239 9 A =

Aol Al dAe= FAET THMFPS =/ =5 05, HAAFPS @A AEH A=
g, o] A¥e] F}e] AR 949 pHE AFeArh =, AAe] pHE FARU
pH7} =222 THMFPe] o] AAd¥m, HAAFP
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Fig. 11.
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Effect of reaction temperature on THMFP/DOC for different organic

matter. The reaction conditions were the same as those in Fig. 1,

except for chlorine contact time of 24 hr and reaction temperature.
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Fig. 12. Effect of reaction temperature on HAAFP/DOC for different

organic matter. The reaction conditions were the same as those in
Fig. 1, except for chlorine contact time of 24 hr and reaction

temperature.
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Fig. 13. Effect of solution pH on THMFP/DOC for different organic matter. The
reaction conditions were the same as those in Fig. 1, except for

chlorine contact time of 24 hr and solution pH.
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Fig. 14. Effect of solution pH on HAAFP/DOC for different organic matter. The
reaction conditions were the same as those in Fig. 2, except for

chlorine contact time of 24 hr and solution pH.
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112 7] 374 B5dse daise] e FFAL pH 2 &= W
35 Yt Ae®, gxE N-RW 49 % 067 NTUA 30%7 wke 5 0.84
= bk Tt ol AAE] ghasste] 6217 o] Fol= 055 NTUR 7] dA sl
i1, G-RWe] 49 HZx 0.23 NTUOA] o] & T2AIEA = A F Azl #Agle]
A9 016 NTUR dAsH e o] o]F tha F7ists 43S Btk H-GWe 4

o

- 0.12-020 NTUZ AAHFAIg wpe} & wsts Holx] At o] 5(2004)°]
T B AFoMs daAGARt wet A Frkske AES Helvtha KBl
=, = A 1Azl A 9] 268 NTUC A 149 o] F o= 768 NTUZ =LA F7}F
sdthar ®astith oy ek o]y wWEeh MW e oy 159 Rale sty
| 7ol wheb oF 400 pg/LolA 1250 pg/LE ZA 57164
ok a2y 2 Aol DBPse Hdl 45 N-RWe 49 200 pg/L o]ske]ar
G-RWS 4% 20 pg/L °l8l, H-GW 10 pg/L wlRke]dth welr gmwsis A
S25E AA4¥E DBPse A4l #AF ozt F4 ¥

AdaHEAZ] wWE pHel WalE N-RW 49 Hx 70694 643 A& %
814= T7tst ot ol 7.12-7.409 WA A dASAY G-RWY A%
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= 5 INA = 8198 F7tstl o o] § 7.90-8.109 WA= Al dA s
A2HFZA A B2 FFdadsts A4y 2y N-RWe 29 Hx 1068 mg/L
ANA 6Y Fol= 1.67= A FASAE ol FF FEUoH0.24 mg/L)¢ke] Wk
2 =2 Fr2 EA%a e F71E(DOCI= 266 mg/L)y} Al&A o= Hkg-3}o]
o RWe A4 Hx 20 mg/LolA 64 Fo= oF 1
mg/LE #HAast o, H-GWe 455 HE 152 mg/LalA 69 % 1.06 mg/L= ¢

0.5 mg/L #astd=d oled Aae= 3 f71e 5 % 5S4 dost= A=

Table 11. Water quality characteristics of raw water samples with chlorine

contact time

Chlorine N-RW G-RW H-GW
contact L Residual o Residual o Residual
time(hr) Twbidity pH  chlorine Turbidity pH chlorine Turbidity pH  chlorine
(NTU) (o) (NTU) (/) (NTU) (mg/L)
0 0.67 7.06 10.68 0.23 7.40 2.0 0.14 7.80 1.52
0.5 0.84 7.80 10.34 0.17 7.84 1.86 0.20 8.15 1.44
1 0.70 7.75 9.50 0.16 775 1.72 0.14 8.19 1.40
3 0.66 7.82 9.24 0.17 7.54 1.61 0.15 8.10 1.37
6 0.55 8.14 8.65 0.15 757 1.58 0.12 8.00 1.35
18 0.54 712 7.02 0.18 7.48 1.45 0.17 7.79 1.32
24 0.58 7.40 6.15 0.17 7.42 1.43 0.12 7.90 1.31
48 0.57 7.20 5.68 0.21 7.45 1.33 0.15 7.90 1.26
2 0.52 712 5.00 0.17 7.40 1.32 0.13 7.95 1.24
96 0.50 7.24 4.05 0.24 .47 1.30 0.13 8.06 1.20
120 0.61 7.30 2.86 0.33 7.43 1.28 0.17 7.95 1.09
144 0.43 7.30 1.67 0.33 753 0.99 0.17 792 1.06
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Frdae Tl weh daete] HFAIZb whE THMs % HAAsO A4S S
AE37] 918 N-RW, G-RW 2 H-GWell tia} z} A5 DOCo thal 4uje] 94
S5 7hstar 0541269 HFAIzte| wE THMFP 9 HAAFPE #HESte] Fig.
15 2 160 YERHAY. A EZAZ] wE THMFPS F7tstgen, Ho
THMFP2 N-RW, G-RW % H-GWel oisl Z+7zb 109 we/L, 12 wg/L, 5 pg/L=
N-RWE G-RW % H-GW$F vlalste] guf, 22v) =& v:2 Bv. z2d DOC
FEe gk Ho THMFPS 77t 41 pg/mgC, 32 pg/mgC, 14 nug/mgC= N-RW&
G-RW % H-GW¢} Hlaste] 1.3u], 298& Holed, ole AleFd 718 5%

W S, pH % Br 59 %@He dge] sl Ao ArHh

off

d

ArHEAT w2 HAAFPE oA Z7hs9on, #Hu HAAFPLS N-RW,
G-RW % H-GWeol| tial Z+z} 106 pg/L, 13 ug/L, 2 ug/LE N-RW % G-RWx
FHd THMFPH w]zsloy, H-GWE #Hu THMFPEY ¥ =& HIt &

o] 1. DollA AF3t vl oJ3td A5 iAol Zet4= THMFPH T HAAFPo]
ESthal Bk datel Zolshs B, ol H-GWS pHZL ¢ 8= t& A&
2 7l "l Aoes AlgHETh F 10 DolA AFE v o] &4l

1
A A B AME dutd oz {7]E EA #AGle] THMFPS 718ty HAAFPS

_44_



120

—8—N-RW —&—H-GW ——G-RW

90
-
S~
o
=)
n 60
[T
=
I
'_

30

m—rr—er— 2 ¢ 2 2

0 24 48 72 96 120 144
Chlorine contact time(hr)
50
——N-RW —&—H-GW —@—G-RW

__ 40
O
(o)
S
B 30
=)
O
(@]
Q 20
a
L
=
T 10

0

0 24 48 72 96 120 144
Chlorine contact time(hr)

Fig. 15. Effect of chlorine contact time on THMFP and THMFP/DOC for raw
water samples. The chlorine dosages were 4 times of their DOC

concentrations.
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Fig. 17 7] 2t 45ddd da] 238 FA230-69)dd & F THMFPel o
& CHCLFP % brominated THMFPO A4 #l &S vebd 28 o® N-RWO ¢
CHCI:FPe] 61-73%, brominated THMs(CHCLBr 20-26%, CHCIBr, 5-13%, CHBr3
0-19%)°] 27-39%, G-RW<e| 79 CHClse] 13-23%, brominated THMs(CHCLBr
34-37%, CHCIBr» 35-41%, CHBr; 5-9%)°] 77-87%, H-GW<| 7% brominated
THMs (CHCLBr 26-34%, CHCIBr; 42-49%, CHBr3 21-30%)°] 100% =2 F=2 A9
o] e wep A E= THMsO 3852 atol7b deS & + Arh 5, A4
F+= F THMs2 N-RW({pH= 7.0, [Br]=0.08 mg/L, [DOCl= 266 mg/L),
G-RW(pH= 74, [Brl= 002 mg/L, [DOCl= 048 mg/L) 77 CHCls%
CHCLBr(82-94%), CHCLBr ¥ CHCIBry(72-85%)°l™, H-GW+ THMFP-> % o}

37F4 @) o] brominated THMs7} H] &8 v &2 A ES & 5 ATt
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Fig. 17. The ratio of each THMFP to total THMFP with chlorine contact time

for different raw water samples. The chlorine dosages were 4 times of

their DOC concentrations.
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Table 12-14%= 7] Zadsed ds] oy S5A7e vt A== 2 HAAFP
°] % HAAFPd tigh v &S Yetd 2102 N-RWe| %5 DCAASH TCAAFS A
5ol % HAAFPY 80-88%, BCAAS A4Sl 2-6%, BDCAAS A4S0l
6-11%, DBAASl AA5o] 1-3%, G-RWS 7% DCAA9 TCAAFS AAFol
64-77%, BCAASl AA%o] 11-20%, DBAAS AA%o] 11-18%, H-GWe 74
DBAA®] A4 Tl 36-66%, BCAASl AA o]l 22-34%, TCAATS Ao
0-38%= A== HAAsE N-RW % G-RWe 2%+ F2 DCAASH TCAAo|u
H-GW+ HAAs® F4E DBAAo|1, TCAASH BCAAE 719 n|Z:38 njg=2 A
= ¢ g UM, H-GWE= t& 459 22 DCAAT AAHA fdtt. o9

Aol AR F/1E B4 R pH /AHE Ao AR,

ox.
il

i
rlo

Table 12. The ratio of each HAAFP to total HAAFP with chlorine contact time

for N-RW

Chlorine o\ AP TCAAFP- - BCAAFP ~ BDCAAFP ' DBAAFP  (DCAA+TCAA)FP
comiicl /MAAFP(%) /HAAFP(%) /NAAFP(6) /HAAFP(%) /HAAFP(%)  /HAAFP(%)
05 52 32 2 11 3 84

1 52 28 9 8 3 80

3 45 39 6 9 1 83

6 46 37 6 9 2 83

18 48 34 6 9 3 79

24 46 35 6 10 3 77
48 48 36 6 8 1 86

72 53 33 5 7 1 88

96 54 32 6 7 1 87
120 59 28 6 6 1 87
144 60 28 5 6 1 87
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Table 13. The ratio of each HAAFP to total HAAFP with chlorine contact time

for G-RW
igﬁggf DCAAFP  TCAAFP  BCAAFP  DBAAFP  (DCAA+TCAA)FP
tmethy)  /HAAFP(%)  /HAAFP(%) /HAAFP(%) /HAAFP(%)  /HAAFP(%)
0.5 67 10 11 11 77
1 55 16 15 14 71
48 19 19 15 67
6 46 18 18 18 64
18 50 20 14 16 70
24 51 19 14 16 70
48 47 16 20 17 63
72 55 13 17 15 63
96 56 12 16 16 63
120 59 13 14 14 7
144 61 14 13 11 75

Table 14. The ratio of each HAAFP to' total HAAFP with chlorine contact time

for H-GW
Chlorine TCAAFP BCAAFP DBAAFP  (DCAA+TCAA)FP
ol /HAAFPGS)  /MAAFP()  /HAAFP()  /HAAFP(%)
05 0 34 66 0
1 34 24 12 34
3 38 2 40 38
6 33 31 36 33
18 25 2 53 25
24 2 25 53 2
48 23 2 51 23
72 19 29 52 19
% 19 29 52 19
120 17 28 55 17
144 16 2 58 16
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Z, pH7} 6014 82 Z7heol wel N-RW, G-RW 2 H-GWel sl THMFPS 72}
1.790, 1790, 1.89) Z7}8kd o HAAFPS zH7: 0.7+, 0540, 0.68] 743t} ol g
A= 7715 54 FES A3 St B AAES AoV oy wddE A

=} O (e} I~
TS RIS & AU

_51_



30
—&—N-RW —&—H-GW ——G-RW

G
o
£ 20
o
3
(@)
o
a
& 10 | ‘/_//‘
LL
=
I
'_

0

0 5 10 15 20 25 30

Temp.(T)

Fig. 18. Effect of reaction temperature on THMFP/DOC for different raw water

samples. The chlorine dosages were 4 times of their DOC

concentrations.
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Fig. 19. Effect of reaction temperature on HAAFP/DOC for different raw water
samples. The chlorine dosages were 4 times of their DOC

concentrations.
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Fig. 20. Effect of solution pH on THMFP/DOC for different raw water

samples. The chlorine dosages were 4 times of their DOC

concentrations.
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Fig. 21. Effect of solution pH on HAAFP/DOC for different raw water samples.

The chlorine dosages were 4 times of their DOC concentrations.
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