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Abstract

Concentrations and speciations of Trihalomethanes (THMs) and Haloacetic acids (HAAs) that can be formed during chlorine
disinfection by-product (DBPs) in full-scale drinking water treatment plants were investigated. Jeon-ju D water treatment plant
that adopted conventional water treatment processes was chosen for investigation. SUVA values according to water treatment
process changes were observed from 1.3 to 2.1. The process average concentrations of THMs was 7.4 ppb, 9.0 ppb and 14.7
ppb respectively, while the average concentrations of HAAs by each process which are precipitation water, filterater water,
treated water, were 15.5 ppb, 14.9 ppb and 25.8 ppb respectively. DBPs concentrations was lower in the winter than summer.
The major species of THMs was chloroform and the second highest was bromodichloromethane (BDCM) and the third highest
was dibromochloromethane (DBCM). In case of HAAs, the rate of trichloroacetic acid (TCAA) was detected. The species
disribution of THMs is related to the change of SUVA and species disribution of HAAs is related to the concentrations of
bromine and injection position of chlorine and injection quantity.
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Table 1. DS WTP water quality analysis items

trator purge & trap2Z Z AT sted Varian 3800 GCell
Saturn 2200 mass selective detector’} &% GC/MSZ &
25928, HAAsE HP5972 GC/ECDE AH&3te &3}
ao. Z 59 A2 YUY deErdrER He
SRR OE AAANY EZEHA Fh(detection limit)
= 7IELR sden, 3eE FFAIGEA Tt B4

SHA .

HACH 2100A TurbidimeterE ©]&3ld B8=E =433
H, dd 459 3 FREL, v, €Z29E, S3A

o
Y 5 ndsgch

=

-~

3. 2nt I 1

1. MAE|3HYE SUVAue H3l EYN

Fig. 12 A48 338 SUVA Bag9 ¥3E ve
ATk SUVAZEOl &2 F9e=(>4) ALUM AEY 83 <F
e AHgst &4, e AXL v SUVAZEel Yot
e Aoz BIHa g uiKaranfil et al., 2002). 3}x%k
D B389 A% drEt AdA "dddA AHeed A
7} SUVAZES] 1.8914 212 <gF ZolAla gtk o=
23, AAd 98t SUVAZLe] Yolditts aFA%gE
AuteEla gk 289 AT EH?E 459 SUVAZEe] 49

Process Items Measured items
Raw water 8 Turbidity, pH, Temp, Alkalinity, TOC, DOC, UVA254, KMnO, consumption
Precipitated water 1 Turbidity, pH, Temp, Alkalinity, TOC, DOC, UVA254, KMnO4 consumption, THMs, CHCls, HAAs,
Free Chloride
Filtred water 1 Turbidity, pH, Temp, Alkalinity, TOC, DOC, UVA254, KMnO4 consumption, THMs, CHCls, HAAs,
Free Chloride
Treated water 12 Turbidity, pH, Temp, Alkalinity, TOC, DOC, UVA254, KMnO4 consumption, THMs, CHCIs, HAAs,

Free Chloride, Contact time

Table 2. Operation conditions of GC-MS for THMs analysis

o Column :
o Carrier gas flow : He, 1.0 mL/min
o Detector temp : 2800C

o Column oven temp program :

init. temp. init. time rate Total
(°C) (min) (°C/min)
30 3
50 0 5
180 2 8 25.25(min)

DB-624 (60 m x 0.32 mm I.D x 1.8 um film thickness)
° Retention time : 35 min
o SIS mode(Solvent delay : 4 min)

Table 3. Operating conditions of GC/ECD for HAAs

o Column : DB-624 (30 m x 0.25 mm 1.D x 0.25 gm, film thickness)

o Carrier gas flow : N, 1.0 mL/min

o Splitless injection wuth 30 seconf delay at 35°C
o Injection port temp : 260°C

o Column oven temp. program :

init. temp. init. time rate
(°C) (min) (°C/min) (°C)
35 10 5 75
5 100
5 100

o Retention time :

final temp.

52 min

final time
(min)
15
5
2
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Fig. 1. Variations of SUVA in DS WTP.
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Table 4. Measurement results of THMs in DS WTP
Concentrations of TTHM (ug/L)

Max Min Mean

Precipitated water 42.1 0.0 74
Filtred water 443 0.0 9.0
Treated water 52.3 2.8 14.7

Fig. 201-= ZAME 713bE<te] A 378 THMs
. AwtEg oz THMs 285%7}
A7 E YA Jedan a1, sE7dE 52 Ae=
vetsth Hd sEe 7Y FFlAe FEZ 523
pg/L2 YERGAL gl WA 7|EX1 100 ug/L«l kg
=2 Ure}urz gt 2822 D FFE9 THMsY &g
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A, AL ASF 47 465 pgll, 442 pell, 60.2 g/l
2 ZAESAT THMsY 3528 mtd7ix 2 F9
AAs FAEE7E 7 ZAth dage 949 AUt
£ A% EREE UeY Jlon, A3l =
2EAE FYsHA &7 dEe] 2] AFH9] HAAs

T BAZ HJUY FAFdre HArnFho] 43 pg/lLolAd
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Fig. 2. Variations of TTHM concentrations in DS WTP.
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Table 5. Measurement results of HAAs in DS WTP Bl Q) Z THMs¢ HAAsY AAZF W3l 29

Concentrations of HAAs (ug/L) ol 7}%} zu:‘rg AL BFEH gty T3, THMsY

Max Min Mean SE9 uPL O FAFOE HAAY 527 B4 24

Precipitated water 46.5 0.0 155 Al e RS geld & gk ol& Fig. 13 Zo] SUVA
Filtred water 44.2 0.0 14.9 Zko] 2 olst® UEa Q=d 7]odittn doE

Treated water 60.2 43 258 949 SUVA, DOC, 23 F5oA e THMs 2 HAAs
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Fig. 7. Speciation of THMs in DS WTP.
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Table 6. Measurement results of SUVA by the Bin/Tin in e
raw water o 100 oy -~
— SUVA (L/mg/m) E‘ ® 1 M \ Peal / A Y
Bin/Tin - 3 M[ — W
Max Min Mean 2 & |
1 4.42 273 333 i,
05 2.37 0.71 1.41 o]
cf) Bin/Tin = Bangsuri diversion requirement / Total diversion requirement
nNn\:m Dec-07  Jan-08  Feb-0B Mar-08  Apr08 May-08 Jun08  Jul08  Aug-08 Sep08 Oct-08
e HAegd saad 48 APl 6:4-559 HE Fig. 9. Percentage of HAA/HAA; in treated water.
2 A$HT Yok A5RAE FEE 54 24 1
d Zole] 7|7k 20079 12€9A] 2008 1€ =ul71A] e SUVA(Raw water) — =—e=THMSs/HAAS(Treated water)
ABAFAY Aol QT o) 7k FX) SUVA 5 1 [ o8
o Ad, A&, FFHES AR, NOMo| AEH 54 3 Los
S Yeld AS Ao 197H 297K ()49 E L oa %
T3 aFUdFE Aol flth) SUVA 339 Hlwsty] £ 2 L o3 é
glake] ZALGE SUVA < Table 69 YreRA i, g <
BinTin gkl 181 A% & #9 452 A% gseeld 3 1 1 2
o1 =

ATES 49 SUVA 39 A, A&, JFdie 47
442, 273, 33322 AT 9 dFE 4F AT
I W] FeFY v7E wbEl 99 SUVA e Hd),
H, BFFS 237, 071, 1412 74 ZAEUT. AF
FAFFol gl ZFo SUVA 39 FFL 33382 XAMH
of AA HEFA FBFFFH] 05 HEY W FHFk
Ql 1.419] w3t Ful o] SUVA o] EITh oA
SHAF g Ao 3459 4% d5EG A9

Q1 Aol 2% humic 80| © @o] EAstL Utk A
1 o

2 =3t 5 SA5d wed 957 5a59 4B 9
St Q9149 9ol Aoks AL Tath

1
Fig. 95 F+%9Y sl w2 959 SUVA %9 Wst
9} THMs/HAAs H1S Yelz Qth sd5Q w2
FFo] B ZF SUVA kol ot ol wed ¢
F7F A5 AFFY FHAEA HEE e Q]
fEolth @ FAFFol A A9 SUVA Fhol A5 3l
o old FFAAY THMs/HAAsS Hl= 0522 e}
I gleH, 48 AT ey AsFol At HE=R
AFE W= THMs/HAAS Hl&E 0352 YeERtAL Qlth
T 7HA A9 2T HAAsZF THMs Btk 433 271 &%
T A ASE vaPs W 3 HE2 43e AlE
L5, 9E AFEs 538 ZF9ol SUVA
ol A5 s Gl Me THMs/HAA:Y v = 4537t
Fig. 102 F+%F Wste & Fod49 THMs 2 HAAs
9o M FEE YERATE 4F FEFo] HA A5-HY
d Aol THMsSH HAAs EF 34 5%71 g
AsFol A AF-FY FEY =4 Yegda gtk
S 1 FVHEEE HAAOE Tl 3R F7HE RAFa
Atk ol oy 7HA AERAE AHARRE B2 20O
2 3l SUVA #S Z7HA7]™ THMsS HAAs 24 =
T 37 THMs/HAAs Bl &2 Zashs 202 yE
st
wabx, A7t AFdd ol e B A
S 83 33 29E s THMs/HAAs ¥l&90] A%

T

1 05
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Fig. 10. Variation of SUVA by the Bin/Tin in raw water
and ratio of THMs/HAAs in treated water.
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1) 348 Bit SUVAZ2 95, JdF, o3, d571 FUES Bl e Ao dodn
Zb7h 18, 21, 21, 132% ZA}H%‘IOE% Oloﬂ uhw] & st 7) A eddol A2 stAF Feol shgEn
of THMs9 2384 da Wds=s &4, 34, 9%, SUVA zkol wom, ame] Folrid THMS/HAAs H]
253Y s AAEA =7 S7HsL Aok P‘WOE & oA LAFS THMsS HAAs BF FolEx
= sha7ld £237t2 <18 THMsS s=7F A4 4 Ao 2 Yehta gl mebA, sk ﬁfﬂl%% £
BT oA AERIES 2Y F S Aoz dddnt

2) HAAsS 334 e TR EEe AT, A%, A5
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AFFZZGAA HAAZE S EoEJET ol F2 2

Tl 7IR1% Ao gudHnh AFHoZE F29]
w2 o719 HAAs =71 7 =3

3) R FHolAd THMs % Chloroform > BDCM >
DBCMY =& E¥E Hola ¢lom, bromoform& &
AEZ ZAEJH. THMs 5 Chloroforme] v &2

AL, A A7t 47 088, 0.87, 0.7302 XAl
Ao Umz BEA THMsY H&E 253 (FF)
oA 0272 VEl=Tl SUVAZESY A skl 71918 Ao
o AgolA e THMsHAAs HlE 0.57°1H HAAs7}
THMs9] FHl = #HAStaL itk

Z734A HAAs = TCAA > DCAA > DBAA =&

E—E% YERN I MCAASH MBAAE E7Z0|9)
o AedAMY HAAs 5 HAAY #E Hlg2 HH
90.4%=2 A Jetgou F-eed mEtx s HEo] 50%
ot FolA7|E FEE HAAsY AERAEAIYE
DBAAE F7lstolol & Ao=R dodAnh

5) 99 DOC BX%, SUVA, F23 F49 THMs 2
HAAs ZAs=99 AFHESIE full-scaledl Al ZALSH
27 949 DOC % ¥ SUVASY A5 THMs 9
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