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Abstract : This study was carried out to investigate the formation of DBPs(Disinfection By-products) such as
trihalomethane(THMSs) and haloacetic acid(HAAs) by chlorination in raw water and finished water of Water Treatment
Plant(WTP). The formation of THMs was increased with the increase of pH and reaction time. HAAs was found as a high
formation at a pH 7 and low formation at pH 9. THMFP(Trihalomethane Formation Potential) was the highest formation
potential in raw water of Pu-1 and the lowest in raw water of Pa-1. In case of HAAFP(Haloacetic acid formation potential),
So-1 showed the highest value, while Pa-1 showed the lowest value. It was investigated the relationship between HAAs and
organic matters which were described as DOC(dissolved organic carbon) and UV3s4. In both DOC and UVas4 versus HAAFP,
Pu-1 showed the good correlation coefficients(r’) with 0.95 and 0.84, respectively. For three WTP investigated, DBPs(THMs
+ HAAs) was shown over the range of 42.00 ~49.36.g/L. This result might be due to the different characteristic of organic

matters in raw water and the difference of chlorine dosage for a water treatment.
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AT} 20033 o] F 2PAIE 2835} THMs 40ug/L, HAAs
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(chloroform, bromodichlromethane, dibromochloromethane,
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Detector) & AME3le Al 40mLo)] n-F4F 10mLE 2o)
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HAAs(monochloroacetic acid, monobromoacetic acid, dib-
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Sample 40 mL

+ 2 mL H,SO, (Adjust pH < 0.5)
* Add 10 ul internal standard and
25 ul/mlL 1,2,3-trichloropropane in MTBE
« Add 2 g copper |l sulfate pentahydrate
+ Shake for 3~5 min

Y
extraction

« 4 mL MTBE addition
« Shake for 2 min, letting alone for 5 min

Y
Methylation

* Transfer 3 mt. MTBE layer to 15 mL tube
« Add t mL 10% H,S0,/CH,0OH
« Letting alone for 2hr at 50T

Y
Cool

« Add 4 mL sodium bicarbonate
v « Shake for 2 min

Concentration for 1 mL

Y
GC/MS

Fig. 1. Schematic diagram of HAAs analytical method.
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Table 1o} uehlck DOCY A< 2.77~3.3ImglL,
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718 F FYEd §A4L Vel ASFHES] A
uke-e Hrlal7) 943 AREA o] gE &), so-1 Pl
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BAFAE AFUFE AEstD Jde AFR A 2E
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o] A8 YL FAEIYUTHTable. 2). A5H ¥ A5G S
AHEAE K A AS B 25mg/le] ¥EE FUs)
93 N AL 25mgl, P A44L 3. Imglg BU3}
I e AeE ARG A F AREA FEE K
Aol A4 1.5mg/l, N A44L 097mg/L, P A4S
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Table 1. Raw water quality parameter(n=4)
ftem So-1 Pa-1 Am-1 Pu-1
pH 7.0£0.1 7.320.5 7.4+0.7 7.3+0.6
DOC (mg/L) 2.7740.18 2.87+0.20 3.3010.11 3.31+0.33
UVass (cm™) 0.103:+0.009 0.10210.007 0.104:+0.004 0.110+0.006
SUVA (L/mg - m) 3.73£0.18 3.56+0.14 3.21£0.09 3.32+0.16
NH;-N (mg/L) 0.035+0.035 0.104+0.070 0.125+0.086 0.080+0.051
KMnO; Consumption (mg/L) 7.7£3.5 6.4+2.5 8.8+4.6 7.6+2.5
Hardness (mg/Las CaCO;) 2243 58+9 7418 633
Turbidity (mg/L) 15.67+12.40 13.6214.61 14.11+11.64 11.59+9.67
Table 2. Finished water quality parameter(n=4)
K WTP N WTP P WTP
pH 7.2+0.1 7.2+0.1 7.240.1
DOC (mg/L) 2.4+0.1 2.60.1 2.6+0.1
UVass (em™) 0.079+0.004 0.079£0.005 0.086+0.004
NH;'N (mg/L) ND ND ND
KMnO; Consumption (mg/L) 1.940.6 2.0£0.2 1.5£0.8
Hardness (mg/Las CaCO;) 67+4 59+1.3 3346
turbidity (NTU) 0.09£0.01 0.07+0.01 0.09:0.00
dose 2.5+0.2 2.5+0.04 3.1+04
Chlorine (mg/L) -
residual 1.49:0.10 0.97+0.04 0.98+0.04
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4€ 49XEE THMse| 79 pH 5904 pH 9714 F71&
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Fig. 2. Formation of DBPs with pH in Pa-I(reaction time:
24hr).
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Fig. 3. Variation of THMs with pH in Pa-l(reaction time:
24hr).
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Fig. 4. Variation of HAAs with pH in Pa-l(reaction time:
24hr).
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chloromethane, DBCM)-2 pHel| g} H]<4:3F Fxe] A4
ZFS 1ok a8y BE R X E(bromoform, BF)2 pHe}
Faglol A=A AAcHFig. 3).

g 24ke] A9 Eg|Z 2 2ol g AKtrichloroacetic acid,
TCAA)S pH 79A 71 &4 A=Y pH 904
20.8uglL2 7Hg v AAHAG. =% pH SolAe pH 7
Ho= W sy v 2 el tEs
Ro}a| g 2Hdichloroacetic acid, DCAA)S pHe| Z7}o o}
g ANEETL S e Btk HERIZ IO
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o e FJolA AT i ¥A AHHUL =
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S7Hstel wepA] o] A4Sk FAEE BEth EeH
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pH 7o M7t A3 =] AckFig. 4).
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o] A= 2] YUATHFig. 6). TEZL F TCAAS F% B
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F AAFge] ZeA @1 JAEA Jebdth. BCAASH
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Fig. 5. Formation of DBPs with reaction time in Pa-l
(pH=T7).



oA SRS YHSY 59

mCF HDCBM

Conc.(ug/L)
w
=)

Bhr T 12hr 24hr 48hr

Fig. 6. Variation of THMs with reaction time in Pa-1

(pH=T7).
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Fig. 7. Variation of HAAs with reaction time in Pa-1
(pH=7).
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o MATE AvRd d 3o f5ddA g2EAe] E
gEgzvenn wo| AAEE Aoz Jelygth 7+ AHE
A %2252 THMFP(Trihalomethane Formation Potential)
o] 7% pa-l AFHe|A HAA|, pu-1 ZHNH HRYXE v}
e}t HAAFP(Haloacetic acid Formation Potential):= pa-
1 A" Y471 HAAZ, so-1 AF e 957 HYA =S
UebdchFig. 8). £ f71¢(DOC)e] gt AENAE
o] MA=o) sl Reaction YieldES 2R THMFP yield
o] 7AS HA 39.82ug/mgollA FHIl 46.18ug/mge] M=
Uehlilon am-1 A A7 7B v A4ES B
A, so-1 XY Y57 =& AAFES 2t HAAFP
yielde] A9 HA 60.02ug/mgol| A FH i 80.38;1g/mg°]ﬂ31
pa-12]1H 2] 91471 il so-1 R He A7t 4 el
(Fig. 9).
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Fig. 8. DBPs formation potential of four raw water.
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Fig. 9. DBPs reaction yield of four raw water.
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7} 47 ¥ THMs3} HAAse] AJAeke- Fig. 10~Fig.
11e] Jelisich Ejdzoee] Fea ¥ A48 K
P4zl 749 CF 20.091g/L, DCBM 5.01u¢/L, DBCM
0.55pg/L, % E|Sdaughe 25.64p¢/L7} HAEAC. N
A4A-e CF 19.63ug/L, DCBM 4.581¢/L, DBCM 0.43g/L
7} BAAAEALL, FE I ge] WAL 24.64u/LE
Elgtch P AgAgolA] AAdEE CF 26.65ug/L, DCBM
577ug/L, DBCM 1.93gg/Lelglon FEg|d=v e
3428pg/L] FE& ZAMALE A A5 ZFo|Ae BF
7t AEHA gken AN FFF F P AFANA
717 ol A4 R P4 ¥ AAFE A
HRH K A4Fe)a] TCAA 11.11pg/L, DCAA 6.36ug/L,
BCAA 2.1ug/L, DBAA 082ug/Lo] AAEon & AA
2o 2038ug/LolRtl. N A5AL TCAA 9.81ug/L,
DCAA 5.05ug/L, BCAA 1.78ug/L, DBAA 0.72ug/Lo|lo.
B, T AAFE 17.36pg/L2 Jeldth P A4S AAF
& TCAA 7.67ug/L, DCAA 4.69ug/L, BCAA 1.82ug/L,
DBAA 090ug/Le] w2 FAEST, & AAZe 1508
pg/Lol k. B Ao A MCAASE MBAAYL #HEEA
stk Al A5 5 P Ao 71 2L A5EE
Erjdavets 22350 § 4936pg/L2 AAAZE HY
i, N A5ate] MAdwke] 42.00pg/L2 714 @A AAHY
o} Al Agge] AERAEL BT BEE £A7|E oy
2 veEhdth THMseF HAAsS] AAue K A5de] 4%
127 : I, N AFHL 142 : 1, P HEFLE 227 : 12
THMse] AAeo] HAAsRTE ] &4 AAHUdG 2y
Sk AHE Q4o F9= HAAso] THMsErlh ¢ &7
AdEE AR velged ole 4549 £5544E 44
T Aga A A5Fole] dAAEFFS vasE o
AA7E FARG AL Ert B3 49 {71839 6kg
Alzto] Z7] Wil Aoz AlgHth

Brgd d AERAEe] A% 9 ANE
ol At e U ge
Ao A FAsln e 2 il e Ao
2 gl ol2g SA4d] i 43 AWl FAHe
2 Ay fste] WA A gl AsdaE olé
&3l Qi pal-13} pu-l AF e FEA5AS table. 40 e}
Witk DOC2F UVasy=  pa-13F  pu-190oA 2z}
2.87mg/L, 0.102em™¢} 331mg/L, 0.110cm™ .22 pu-19]
FiH o g pa-lo] Hls] i E=A Vebdou HA f7)
oA £4A4 humic acide] FAME ¢ 4 A& SUVA
= 3.56L/mg - me} 3.32L/mg - mo 24 AHe] v]Z=EhA o}

= [~
ASSNE YHSY

o Zol e
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4
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Fig. 10. THMs formation of finished water.
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Btk A554HE A14%?] THMFPSF HAAFPE pu-19]
pa-191H T}k =4 A=A 82 {7182(DOC) )
F AEXAE A% THMFP, HAAFPe] tj@k Reaction
Yield= pa-1 3 pu-1 AollA HIS=81A el o] 4
A=) FAANe) AEME MAYORRE pule]
DOCS} UViss®] gho] pa-1 B} o 4 vebd zlog
Kol pu-19] pa-18tT} f7]&3F0] bk Bol 25 IET
o #4 AAdEE 29E dA HAddk H-F A Ha
AAaFNFY A5 AT Table. 5o HeERASIC
o FAHoZ MHEY K F5ge] A9 Hit 2.5myle
A2F=d FYstdi N H5AL 25mg/l, P AF4S
3mglE F]Etn e Aoz FAEGY. M A4
T G4aFAFo] 3.0 myLE 7P £ P Aol A
FAHE0] 7 ol Attt olde] AxE FTHFHLE
AHE o] Y59 AEEE AAee] w1, 94FYH
o] B AEFFolA AFRAEC] 7 el vEhgow,
ARSSEE e K At P A5Ae 3¢

Table 3. Correlation coefficients DBPFP and parameter in raw water(n=4)

THMFP HAAFP
So-1 Pa-1 Am-1 Pu-1 So-1 Pa-1 Am-1 Pu-1
DOC 0.99 0.92 0.58 0.99 0.83 0.03 -0.43 0.95
UVagy 0.8 0.45 0.42 0.92 0.81 -0.03 0.06 0.84
KMnO, 0.49 0.02 0.30 -0.56 0.7 -0.50 -0.05 -0.70

B EEAEL8X] M20A A5, 2004
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Table 4. Formation characteristics of the raw water
DOC UVasy KMnO, SUVA THMFP HAAFP DBPs T;IiI:][c};‘P H;\iggP
-1
m cm mg/L) L/mg - m) /L o/ /L
(mg/L) (em™) (mg/L. (L/mg (/L) {ug/L) (ug/L) (ug/m) (u/mg)
Pa-1 2.87 0.102 7.6 3.56 120.2 1724 292.6 41.84 60.02
Pu-1 3.31 0.110 6.4 332 137.3 204.6 341.9 41.15 61.79
% DBPs= THMs + HAAs
Table §. Chlorine dose and DBPs formation of finished water
raw water THMs (ug/L) HAAs (ug/l) DBPs (ug/L) Chlorine dose (mg/L)
N WTP Pa-1 24.64 17.36 42 2.5
K WTP Pu-1 25.64 20.38 46.02 2.5
P WTP Pu-1 34.28 15.08 49.36 3.1

¥ DBPs= THMs + HAAs

*%}Ol P ArFET 0.6mg/ll A2 dAo] AMSH
ERNEE A 2ASAY. NEFAn KYege
GAFAFE 25myLeE Zgtoy & Heaol df
%1 pa-13 pu-19] 7183 Auld #7l DOCE |
115, UVass7b 1 @ 1.07, KMnOs& 1 @ 1198 pu-1 959
F71EFo] JHog gold K AFFelM o ge &
AR AAdEE AeE Yehgth =% Table 4,
Table. SollA] vepd A= #Zo] pa-l Y9 pu-l G459
KMnO; AH|Ee oF 6~8mg/le]l MYz ZAFEYR, A
4] THMsE 24.64ug/L~34.284g/Lo]2lT, HAAsS
15.084g/L~20.38ug/L.2} M2 ZAMI AT

4 4 B

FASol A pH, WA TE 2EFNE 44
3 7187 AR Y4SH) BAS WL - 84
I, B 8 ASRAE AN ueld 2% 2
et 2ok

l. THMs2 pH7} ZF7jgholl we} o] Frslg,
HAAsE F4279 pH 794 718 =4, ¢gday =
731 pH 994 A Ak

2. THMs+= ¥H3A|7He] whe) vl Z71819 T, HAAsE 24
AIY A7AE wE2A F718d) 1 olF MM F7}
=0

3. ArdFe AFEE Eddgaug FA%(THMFP)
#} HAAFP= %—’f—«] FAEGEE 2A ey &
ERAET DOC % UV ABBA()E so-13 pu-

ol A ol - %'%8 YHAEE Bor pa-13} am-1 9
FolAe e o] Ade Aeg Yehgoh
4. A5 28] THMs 2 HAAse] AR 16.37ug/L~
45.81pug/L, 8.85ug/L~24.22ug/L.0.2 VIEIO T, ;ﬁ)‘c}
H F ASEIES P AFFolA 4936ug/LE 7 B
o] *g*éil‘ii“% N AggoM 42ug/L2 714 AA Y
itk oA P Aegor Ak fE FEF ¥

I, GaFYFe] 3umglE N H5Fe 2.5mg/LErch
A FhH0] AFREAE] O go] AAFHE Aoz
wodnh A A5 BRoM 25RAEQ THMse:
HAAse BeE 3718 oUZ yeych

- Y59 KMnOs AMFHE o 6mg/L~8mg/Le] WY

Ueht s, 370 439 THMsE 24.64ug/L ~34.28g/L
o], HAAsS] AAZL 15.08u8/L~20.38g/Le] 9
2 A A
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