Journal of the Korean Society of Water and Wastewater
Vol. 19, No. 3, pp. 301-311, 2005

NOIRENYN] =
194 3% pp. 301-311, 2005

3 "BEEO A=

AME MY BY

Characteristics of Disinfection By-Products Formation in Korea

N

X217 HAR|? .

—

O

AgS? - sz

Kim, Jinkeun" - Jeong, Sanggi’ - Shin, Changsoo’ - Cho, Hyukjin’

1 @52 L FAL

FALAR S

2 AR TA FEHA

(20059 19 129 =5 A4 20059 69 8 HE SR Ad)

Abstract

The characteristics of disinfection by-products (DBPs) formation at 28 water treatment plants in Korea

were investigated. Investigated species of DBPs were trihalomethanes (THMs), haloacetic acids (HAAs) and
chloral hydrate (CH). The maximum concentration of THMs was 84.1pg/L, minimum and the averages were
6.9ug/L and 27.8ug/L, respectively; the maximum concentration of HAA; was 90.8pg/L, minimum and the
averages were 3.8ug/L and 26.7ug/L, respectively; while the maximum concentration of CH was
29.5ug/L, minimum and the averages were 0.5ug/L and 7.4ug/L, respectively. On the other hand, DBPs
levels during summer months, when the water temperature was near 25°C, were nearly twice as great as
DBPs levels during the winter season. The ratio of THMs/HAA; was 1.07, and HAA; and THMs were the
dominant species of DBPs in the Kum-Sumijin river and Nakdong river, respectiviey.
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Table2. 0|0 &= ME 7|5
LERME MCLG (g /L) MCL(ke/L) dEz
Bromate 0 10 QE MIRME
Total Trihalomethanes (TTHMs) N/A 80 EA 3 EFeR A% FAE
Bromodichioromethane 0 TTHMs &7
Bromoform 0
Chloroform N/A
Dibromochloromethane 60
Haloacetic Acids(HAA,) N/A 60 G4 R 2R AF BME
Dichloroacetic Acid 0 HAA; &HZE
Trichloroacetic Acid 300
Chiorite 800 1,000 Olatgtedn AEEME
Audom AEPAE AHO 7MY 2 S vl HAAY B&E R3PS 28 24 39 &
e AL AEA9 FUE L HEAT, pH, L, = pHo|t}, ¥¥td oz pHrt A4etd THMsS
2EY FE ATEAY FE Folth £FFAB  F/len HAAE Zashe Aoz LuAn
A o YEAe] 4848 SAEEA F7b (Singer, 1999).
BT THMse] Z9E Azl Ak @A ASRe B, v 253080 U ARods e
2 27kl HAAsS ALd = Fojaaddi] 48 ZEFX(MCLG, Maximum Contaminant Level Goal)
Bao osl 238l Alzte] A4 E 7428 £ 3 2 HHLHsE&F=(MCL, Maximum Contaminant
TH(Singer 5, 1999). 3H thiEo] AFHAE FE  Level) & Table 20] JelIQIT} o] 3 das%a) #
= pHF A5del me gashd THMsS 49% 98 FAg%e sogadas doigdis
pH7E 45845 27190 A4 S4E 2524 Folth(USEPA, 2004). 252489 d¥E 2o
2 dYsEd 9%S & & e ole A5HE EFE ERUF HA, F8 AFFAEY B A=
F o] gL v £, pH 2 AFEHY & Table 3¢ YehlAtt w59 4% EdAe] ¥
FEF AMAQ 4 B yRolth dwrdoz & EFo| e MCLGE A4 st Bt A|A A
AERARY FEE 47 M Eom, 47 o s AL ¢ 5 YckClark 5, 2001),
o MYErE Agden ole ot BE A SHE @A SSFF el WA FA7|Fe] 4
7 A EEe] oF 502 0] th(Kawamura, 2000) Ho] 9om, o|F ASRNET DAY FEE £ 7
ool 350 AeAE ddoR SR Addd]  FEolnt. IdlellM e 19899 B4S A FFadelA
3 FY)E0R 2ERNRE Y 2L WES o THVSSA BE o] F THMsol dha §A547)
A8t AL THMso|th, theeat HAAso|Qle o] 100ug/LE 1990 A" o} & 2003. 1. 1Y+
o, mlsel A Al S7EA] HAA S| o] Hiahe  BE SRS O|EYo|E F 5/ FFo] F7Eol &
THMso] o} AMgER 2AE9ch 2404 B Ax 749 25908 49 58 98 %
# Aqo]q THMs) $27 HAL S $E80 5%t 8 #371F02 FAsD Yok 5249 2%
o, B4 AddAE HAA S =7t THMsS & F4HEs #dd @5, vjs 3 429 $#271F8%
=80 24 A2E7| e sttt HAAsE dwialog & Table4o] YT 429 A$E TR
THMsBth ¥he& =7t w2 n 45 HAAsS B9 & v@3 ol & 743k 4709 7 Egjdzdg o
£ pHolA Raj=m, 2Radart glold 29 A8 o FA7Fe] A Ho I (LEF=HT,
2a7F 7= ok wSolA] THMs3 HAA9l A 2004). 49 FE2 F2d #3 7|ede £47]
2 g vlE 1.45:00d. dwtdog THMsH 2323 £37132 Boete gRozn J45a

303



Journal of the Korean Society of Water and Wastewater

Vol. 19, No. 3, pp. 301-311, 2005 U g AEFAE P4 B4
Table3. =R ~S2AMSO| ety FA7IES 98 13 o) FH M 2N
LEEAZ 22 AHE 2 VIEFHSZ P e AL i)
E— o vik A4 49l ARE Aokl BAER 7 4271
Bromodichloromethane B2 B9 7} ¥ T (running average) & 8 # 3ok
Bromoform B2 (Kawamura 2000)
Chloroform B2 i o 5’_2-1 oM MAEE AE
Dibromochloromethane C =g Ul Aol dHE 4%
Dichloroacetic Acid B2 TJ’EQ '1‘7:“% t'a]"g'-—zr*é. 7:“@751 %*g%*éi} ;g‘}t\‘
Trichloroacetic Acid c A THMs3 HAAs9] BAH| & 8l Aolr),
Chlorite D
Chloral Hydrate C _
Dibromoacetonitrile C 2 é—'lcéuoi‘tél
Dichloroacetonitrile C
2He) B-7tsA B2 W= (probable human carcinogen; &3 2.1, T Ak
SIRAR AT HBE 77 = 42= B, SEAEE ZUY AFFM LAt AERAE B E
I =st SHIE Us ER= B2 MEF), cUtsy X - - .
12 ZAbel] YA A golzo] A 3
Ole 2etEX(possible human carcinogen: SSASZAD} 3S 2] AdiM = = 01_1 ? wI9E AA B
WSSl E747F 91 Aol CisiME S22+ giAn 2 TR dal ASFAE BAEE EX5E Ao
S22 39), 0-RRSTHLYNU S A7 S JPE & ol AR oA AT A g
Hrxus 740 -
E522 29 QYTFE o9l 87 FAGLE BEH (@A
IMA, 57 ARARFA 9ANE FERSFA 107
2 P PAFE Uk 0% FAAFFES WA 2L WP FAS AT BagRe 2y
TA7IEL R BE Aol E4staol # VEo] o dRE LERNRolgdn & £ g EfdnA
o ASRNED FUY YERF EQYRNGS B @, gEoigdAs ¥ FzddolsidEqY
HE 7R RS FAVEEE Jdon, OEER AR BA g7 20039 % 1dollen, 23
MEAN =, EgZRRoqEAE, dFzaet  F7): 9 1890 Age AAE A5 3R
AEUEY $& NGB0 TFuo] ATHARS o H3 B $RUA0A A0 AAjelo] F47
=33, 1998), @9, daro] THMso} HAAso] #3t oM o] AXRAE S Sdy g d2dx <]

Table 4. A S2AME 2R FUHQ) LEV|IFHE
a5 AT F (ug/L) IUWIIE HAFET
o= o= 9=
HED|S2ME 100 80 100 199014
Ea= 80 - 60 20004
HEICISZZ0E - 30
CIEZ2EZZ22ME 100 -
HERTE - Q0 -
SI20IMEINIAIE? 100 60 - 2003 4%
=S ZEI0I=M0IE 30 - - "
CIEZZ0MELEZ 100 - - "
CIZR2Z0MELE 0 - - "
ECIZZR0NELEE 4 - - ”
=) BZECIZZNER ERRTE, SZ2CZ220(EL CIE2RE2 2MEL 28T 29| 2H0|CHL
2) SHZOIMIEOIAICIS] AL 0|=2 57tR[Q] B2l HAAR TAISHH, o%% 27HKI9] Bl HAAE TIAIBICE
3) Z2OIMEOINE, E22SI0/=H0IE, [IER220 WIEL\EE' CIZZZIOMELIEE L EDESZZ0IMELERN| St
A JIE2 AMB20[ 12 1000008 O|A°! LTS 20030 18 1UEE, AIMES0| 12 1000005 0/P01 MeAe
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Table 5. A SEAE XYY L 247|7| w6 Table 6. 5742 THiMs & asig
gxge 2Muy 2M7(71Y . THMs S (ug/L)
THMs EPA 5022 varian star3800GC/saturn2200MS A ZICH E e
HAAs EPA 5522 Varian star3800, ECD otz 41 69 576
CH EPA 5511 Varian star3800, ECD 22 MR 751 140 560
=HEsd 65.7 126 29.2
AFAZE 7t g L5RAE Tro] FHgS
A vl EAEAE T FEE L8 FANA 30uy/L nRto R WA 47|
F91 100ug/L3} vwate ¥ groz veyrh 1
2.2, BMuiy Ay SR 7 dle HAFA71Ee] F 4% A HE
27wy 9 2A7)7) A3 Table 59 2tk ¢  He AR Yeh, THMsY &5t 2& A
AzA9 AL BAZEY IS Eo|7] Yt BelAe AEFAES WYFEE ATV AT
RARIZRE 2 e 479 HEEPAN BN Al AHAY o] Hasit
22 Astd AAletgn g9 A54d THMs 4@ L Fig. 19 veh
THMsE GC/MS(Saturn 2200, Varian, USA)E o] it} Fig. 1& 73 25574159 2AFE 99
£3led Bt Splitrado 20:10]em AHE B BAGtm glom el FE& A 713l
g 28 CP-624(60m X 0.25mm LD.)o]1 o2 & 2003 3 Hoigh, shete] M Higk aln 3¢
T 35°Co A 28 AFF 6°C/ming F7M&E 9 H2 HEHE vepdnh, 2ARRA 287 57l
2000C7HA) Z7MA1A 287 A5k Flow rates  Wldt A5A4d HddEs=r) 40ug/l o3 A5
2 09mLE 3ttt MSE lon Trapg Abgsted A2 @A Zve Ula, 374 A3sA=
EIZZ o)A Range 40-2000.%, 22274 & Trap 1/h&el, GedsAE 242 A, 53]
140°C, Manifold 50°C, Transferline 160°C2 A& ste]  qAFAIL] AS SFEEFAA g LA 575
BA8l9th, HAAsE Re-1701(30m X 032mm ID.) A THMs TR Fo] EFA 7o) thd ¥& %E BH
Z2AL ol fagon, 9B L£xE 60°CoA oH, g7 ANAFAL Aee FARAA A
4°C/min® Z7F& 2 150°CAA 7 ZAeH, St MEFEY B9 £/ deigd. ol &5F
150°Coll A 8°C/min®] Z7hg & 280°C7HA] Z7kA7  AbEe] UAF =l dae] #Asztd vfg 4T

LT

pEp e wi

t}. Detector
™ . Flow ratet= &
£ Rex-1(30m x 032mm LD.) Z#HE o] &

280°C 24 ECD7} AR5 Qo
g 1.7mLZ fAHct 3k, CH
g-sto] £4
BRI 28 SEE 40°CoAAM 48T FAF
10°C/ming Z7l& 2 180°C7A] Z7FA 7 29
Injector 2%+ 200°C, Detector &%=+ 290°C=E
ECDE 214319ttt 42 Flow rater 1.9mL/min %
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100 Table 7. 7|8 HAA, LTIE
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G =4 - ddd 882 38 274
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o, 3] K A48 A%E FeHA A9 THMs
w7t A5AMe] AEerun A 8% T/ URSAe dEemrt e A3l vste o+
Aoz zAET wA AF ALY FEiAd  EE Aoz Ao, ol& MAs] A% T
N AERYZH U $871F5S 247 A A el e7at MESYe A$E THMsS
Fagde] ABRAE 527t WA $A71FRT FER W$ 2 A0R ZAHe] HlHeR 45
2 e FEoz gAY Hojok g}, 1, # FAES TRt 52 AoE AYHMUG. o]
doAe] AERANTER 27} A Ty AFAIL AEAY dAeR 20039 spubyld MPFEL 7]
5 Aeld 2ol e 2eld 4 gloms 4 29 Y A E QR ABA 2 wAR L
of FdH vwE el Aot o, o]F wjf $e ko AERAEC] HEHT
AT 7. 2004).
3.2, HAA, LAsE Fig. 7& @27 9 A7de HAA; 998 24
A HAA, 4@ S Table 75+ 2ov] Fig.6 6% Ao, A7, A4ge] £X2 Yehd Aot
o2 2870 A4l R HAAS Ho), % U ZAdlN A ke Ang svel ge g2
F, A2y £33 Yz ok 28 FACA @S Ve $33e) g B3 ekt AR
HAA®| g ee 30ug/l vlwho Uehdd,  W2E a7 (72)d Mg B 52 Jehhgith
Al TYFEY A4E B ¥y ARG R UM 8 Hiske 799 56.8ug/Lolglon H
e ¥EE et ausAe A% Aider  we HsEge 299 36.6uyLe 2AbE0]
g2 FA A5gd ve ¥ sER Ao Ao apdrle] #Adwwst F47] E 52 Ao
U o2 FAY e EFA G ag w2 e 2 2AEAY. 94, Fig. 82 374 - AAdA oA
Ehol AERAE U4 $E A0S AF tiAe] B 5] HAA 9 $HA S Yepith THMsS
eajtt. So) Bl MASAT F5arel  Aeh vk 499 2% 390 vsd 3743
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