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Abstract

O In water purification plants, a common means to reduce concentration of disinfection
by-products (DBPs) such as trihalomethane (THM) and dichloroacetic acid (DCA) is to
add powdered activated carbon (PAC) into raw water, or to switch from pre-chlorination
to middle-point chlorination. However, it has been difficult to predict concentration of
DBPs formed in the purification process and to regulate the formation. An automatic tri-
halomethane formation potential (THMFP) analyzer had been developed and reported that
the analyzer satisfied the basic requirements as an automatic water quality analyzer 17 In
this study, the analyzer was examined at an actual water purification plant if it would be
applicable for the automatic and continuous monitoring of THMFP, and real-time prediction
on the DBPs concentration was tried by using a mathematical model based on the THMFP
and other factors. The prediction model was defined as the product of independent functions
on six effective factors, which were water quality indices (THMFP, water temperature and
pH) in raw water, PAC injecton rate, coagulation coefficient, and chlorination period. It was
concluded that the analyzer showed a good performance at the purification plant, and that a
guidance system for PAC injection control and selection of chlorination position based upon
the real-time DBPs prediction model was applicable for a more effective DBPs control.

Key WordsU trihalomethane formation potential (THMFP), automatic and continuous

monitoring, disinfection by-products (DBPs), real-time prediction

1 0Oodn

gooobobooooobbooooooboboboogoo
OTHMOOOOOOODOODCADOOOOODOOO
ODbBPOOOOOODOOOOO@ODOOOOOODOO
coooo@oooooooooooooooogoon
00000o0oo0oUoooOo (Figl)OoOoooOo
gooooboOo bBpOODOOOOOODOODODOO
o000 DBpOOODOODOOOOOOOODODOO
gboooboooobooboogon

goooooooooobooobooooobooog THM

*0 240-0194 0000000OOOOO 2-2-1

goooTHEHMFPODOOODOOODOO THMFPOOOO
OOooDOoOTHMFPOOOOODOODOOOOODOOOO

gooodooboooooooooooooooooa
o0 1DDDDDDDDDDDD

ooooopooooo TEMFPOOODOOOOODOO
oooooooooOo THMFPOOOODODOOOOO
gobooooboooobooobooooo TEMFPOOO
googoooboooboobooboobooboo
ooooD bBpOOOO0OOOOOOODOOODODOO
googoooboooboobooboobooboo
ODBPOODOOOOOOOOODODO DBPOOOOOO
googooobooboobooboobooboo



32 01500000000000000 (EICA)DOO0OO

Effective factors
0 e.g.water
temperature,pHO

Y

Analysis on
data acquired

DBP41Disinfection by-products
THMITrihalomethane
DCAIDichloroacetic acid

0 2nd Objectivel

0 1st Objectiveld
Evaluation of
THMFP analyzer
performance

Measurement

Derivation and evaluation
of prediction model on
DBP$&] e.g. THM,DCA etc

0 DBP formatlon in
pre- chIorlnatlon

| Analysis and evaluation on data acquired

= Guidance for proper selection
1 between pre-chlorination
; and middle-point chlorination

THM Analyzer,
and DCA

Chlorine [0 DBP formation in

rﬁ:ll_l'n ector | middle-point chlorination
L}

measurement

Raw water

Receiving

Guidance for *.. >
proper injection
control of PAC

Powdered activated
carbofnl PACO

A Ionger chlorination time ' A shorter chlorination time EMeasurement
Pre-chlorination Middle-point post- 4
T chlorination chlorination
8'8 Yy 7°comt '
; — - _DE—PWater suppiy service
basin Mixing  Flocculation and
basin  sedimentation basin Fast filtration  Distribution
Process of flocculation ~ Pasin basin

and sedimentation

Fig.1 Flow diagram of water purification system and the objectives of this stuby

googboobooobooboon

() THMOOOOOTHMFPOOOOOOOODOOODO
goooboooboo

(2) THMFPOOOUOOOOOOOOOO DBPOOO
OTHMO DCAO 2000000000000

2 JU0000ooogo
21 THMOOOO THMFPODODOO

0000000-00000000000000000
THMOOOOOOOODDOO THMOOOOOODOOO
000 20000THMFPOOOO THMOOOOOO
0000000000000000000000000
00000000000000 THMOODOOOOOO
000 THMFPOOOODODOOOO 1000000000
goQ e00eoibnitiORig.20 THMFPO OO OO
ooo

22 0000000000
(D) THMFP OO0

THMFPOOODOOOOOODODOOODOOOOO
gboogoooboobboobobooboobooboon
goobool,embDO0DOoOoooOoOOoODODODOO

Fig.2 Automatic THMFP Analyzer

oooodobD THMFPOOOOOOOOTHMFPOOO
googbogz2o01bobooobos~000ooon

oooOoOoTHMFPOOOOOOOOODO200000
goo4000000000DBPOODOOOOOOO
gbooboooboboboboboboboboooboon
o0 DBPOOOOODOOOOOO 1DODOODODOO
gboogobooobooobooboobooboboon
googoooooobod

oo0ooo0THMFPOOUODOODODOOODOOOO



OODOEICADD 800 30 (2003) 33

gbooboob 1pymd0OO00O00O0DOO0ODOOO0OO
goboooooboooooooooboonbo THMFPO
googoobooon

0
(2) THMO DCA OO O

goooooooooo THMO THMOOOOOO
gboogoobooobooooboobooobooboon
OO00200000000000 DCADOOOOODOO
gboogobooobooobooboobooboooon
googoboooboobooboon

0
(3) 000D

gboobobobobobobobooogbooon
googooooboobbi1oboobooboobon
O0pHOODOOOOOOODOODODOOOODOO
gboogobooobooobooboobooboooon
googooboooebboOobObDbOOD 200000
googoboobooboooboobooboo

3 0DoOoooan

3.1 0O0OOO0OObOOOobDOobooOoD THMFP O OO
goo

O
(1) THMFPOOOOOD0O000O

00000000000 0000 THMFPOOOOODO
00000000000 THMFPOOOOOOOOOO
00 r=09700000 (Fig.3) O

O0000oO0OooOooQ eefnennottl oogooo
00000000000000000000000000
00000000 THMFPOO THMFPO OO OOOO
0000000000 000000o0ooooooooon

0
(2) THMFPOUOODOOOOODOOOODOO

Fig.4OOOO THMFPOOOOOOOODOOOO
googobooooooon

gooobooooob0 1Loobooooogoooo
U0ImgO0OOO0O0OO0D0ODOO0ODOODOOOOODO 10O
Olmg/LO0D0O00O0OOOO0OOOOOOOOOOOOO
gboogooobooobooboobooboboon
goobooboooooobooboobooobooooboo
0000000000000 mg/LOO0ODO0OOO0OO
googoobooobooobooboobooboooon

150

100

r=0.9734

THMFP by analyzer,p g/L

0 1 1 1 1
0 10 20 30 40 50

THMFP by official method, p g/L

Fig.3 Correlation between THMFP by the official
method and by the THMFP analyzer in raw wa-

ter

Rainfall
[ very heavy,typoon(l

Rainfall
[ light,prolongedd

@ THMFP by
% the analyzer

Chorine
3 demand x20 [, |

Rainfall
0 heavy,short-periodd]
250 " TS

200

150

100

50

IS

THMFP by the analyzel p g/LO, Turbidity
x8 mg/LOchorine demand x2@ mg/LO

Fig.4 THMFP by the analyzer, turbidity, and chlorine
demand in raw water (August 2001)

googooobooobooboboobbo1boo
googoooobooboobooboobooboo
googoooobooboobooboobooboo
googoooobooboobooboobooboo
gooboobgobobooboobooboobboobobooo
googoooobooboobooboobooboo
gboooboooboooboooboboobo
000000000000 O0DFg40000O0O
gooooooooooTEMFPOODOODOOODOO
gooooooobooooooobooooobOon. THMEP
goboooobooo THMFPOOOODOOODOOOOO
OO000O000O0o00ooO00O0ooODOdDOOFig400O
googooobooboobooboobooboo
ooo0 THMFPODOOOOOOODOODOOOOOO
googooobooboobooboobooboo



34 0 100000000000000 (EICA)ODDOOOO

oooooo TEHMFPOOOODOODOODOOOO
gboogbogoobooobboobooboboobooboo
gooooooooooobooo THEMOOOOOOO
ooTHMOOOOOOOODOOOOoOoooOooooog
gooooooooooo THMOOOOO O THMFEP
gboogoboobooboobooboobo
ooooopoooooo THMFPOOOODOOOO
gbooboooooboboooog xgboooobooo
gooooobpoooo THEMOOOODODOOOOOO
gbooboooboooobob xbgoobooboooo
googoooboobboobbooboobooboon
gboooboobooobboobobooboobooboon
goooobooobboob xboobooooooo
gbooobooooobboobobooboobooboon
googogn
gboobooobooobo xboooooboboboobo
gbooooooboobboobooboobooboon
goooooooooooooboooono THMEFPOO
oooooooooooo THMFPOOOOOODODOO
googooooboooobo
goboogooobobooboobobooboobo
THMFPOODOOODOO THMFPOOOOODOOODO
gboogooboooboobo

3.2 OO00OOOOOODOObDOObDO

O
(1) 000000

00000 Figs000000O0ODOOOOOODOO
o0 DBPOOODOOOOOOOODOO

THMFP
0 THM precursor]

Assumption
THMFPLO DBP precursor | | Treatment conditions |

O Chlorine injection rate,
\ Coagulation coefficient, etcl]
DBPs PP— DBP
@| Purification Process formation
All organic Formation conditions
Substances
O Water temperature, pH,

Raw water

Chlorination time, etcl]

Fig.5 Concept of prediction model for DBPs based on

six effective factors (underlined)

Fig. 500000 DBPOODOOOOOOOOOODOO
ooooooooooo bDBPOODOOOOODODOO 2

goooboooboobooobooboobo

gogoiliogobooooobobogoooobooon
googo

ooo2200000000oopHODOOOODnDO

000000000000000000000000
00000000 I~2mg/LO0O0D0O00000O00O0
000000003 00000000000000
0000O00DBPOOOO CpepOpug/LOD 600
000000000 DBPOOOOOO Cpppel000
000 ACOO0O0O0D0000O0O0 TOpHOOOOOOO
000+t000000000000000
1)0000000000000Cpsp
000000000000000000000 Cparo
0000000000000000000000 THMFP
000000000 THMFPO pug/LO0O Cpppe 000
000000 (Figs) 00 (1)0000

OO0O0ooood Cpgp = ky-Fi-THMFP

0 = k' -Fy-Cpppe00(1)
Ok, k,/000000OFOF,/0000

2)|:||:||:||:||:||:||:|AC|:|mg/L|:|
odooooooooooooTHMFPOOOOOOO
000000000 s3eoon 1)DDDCDBPDD(2)D
doobdooboooooooooboooooooog
Ual0O0O0ODOD0ODOOOO0ODa=0.0090000
DDDDDCDBP = kQ-FQ-eXp(—a'AC)
= ko-Fy-exp(—0.009-AC) (2)

Ok 000000 00000000

3) 0000000000000 FLO
0000000000000 THMFPO 2~3000
ooooooooo 3y

Cppppl 00O0000O>Cpppp 000OOOO (3)

000000000000 (Fig.100)0000000
000 Cpppe 000000000000000000
00000000000000000000 20%0000
000000000 FLOOOOOO
FL = 1-00000000 Cpppe000
= 1-02=08 (4)
0000000000000 (5)0000

0000000 Cppp =ks-Fs3-FLOO (5)



OODOEICADD 800 30 (2003) 35

Ok;000000F,00000
FLOOOOOOOODOOOO1000000.80

4)000TO°CO

00000000 Cpep000000000DOODOO
004000 T,0KOODOOOO r000000000
(6)000000000000O%00 (7)000000
O0O0bO THMO DCAODOOOOOO 4200000
vsO0OOOOOOOOOOOTHMOOOO b=4.5x1030
DCAOOOO b=1.1x100000

r = Aexp{(—Ea/R) - (1/Tx)}" (6)

*AD00OEa0 00000000 ROOOOO

O ED OO0Cppp =ks-Fy 'eXP{_b : (T +273>_1} (7)

Ok,O000000F,00000b000
O0000Crum = ks - Fy-exp{—4.5 x 10* (T +273) 7'}
Cpca =ky - Fy -exp{—1.1 x 103 -(T + 273)"1}

5) pH
pH5~90 0000000000000 DBPO Cpge
00000000000000000000000000
0000000000000000000000 400
00 THMODOOO pHOOODOOODCADDODOD
0000 pHODOODOO0OO0DO0000000000
DBP OO pHOODDOOOOODO0O00DOTHM
000 DCAODODOOO (8)00 (9)0000D0
000 (9)000 ¢,d, e000 400 pHyvsOODOO

O0000O0c=70d=1040e=3650000

000000000 0OCryy =ks - Fs - pH (8)

Cpca = ks -Fs'-(—c-pH>+d-pH—e)
= ks -F5' - (=7 -pH, + 104 - pH — 365)
(9)
Oks, ks’ DOOOOO0OFs, Fs’ 00000cOdOe 00O

6) 0000000¢t0heO

0000000000000 Cppgp0 0000000
0000004 6gpoo0o0o0ooooooooo
O0o0o0OO0O0OoOoseggoo0n (10)000000n
O00O0On0O THMO DCAOODOOOOO 450000
O00000vsOO0OOO0OOOO0OO0OOOTHMOOODO
n=0.350DCA 0000 n=0.280000

O0000Cpgp =kg-Fg-t" (10)

Ok¢DO00OODO0OOFO0 OO0 OOO
O0000OCrmgm = ke - Fg - t03°
CDCA —_ kﬁl . FGI . t0'28

00000000 1)~6) 000000000 CpppO0O
00000 THMO bDcAOOOOOOOOOOOO

0 THMO
Cruym = krpy - THMFP - exp(—a- AC) - FL
-exp{—b- (T +273)"'}.pH - t"
= krpy - THMFP - exp(—0.009 - AC) - FL
-exp{—4.5 x 103(T 4 273) "'} - pH - t*-%
(11)
g D%AD
Cpca = kpca - THMFP -exp(—a-AC)-FL

exp{—b’- (T +273)" "}
-(—c-pHQ—l—d-pH—e)-t"’
= kpca - THMFP - exp(—0.009- AC)-FL OO
-exp{—1.1 x 10*(T +273) "'}
_ 2 _ . 10.28
(—7pH* + 104pH — 365) - (12)
H OO00a,b,b,c,d,e,n,n'0 00
a goooooooooood
0 kranmkpeaO000O00
00 M THMFPOACOTOpHOC ppp OO OO 1000

000000000 (11)I0 (12)00000000
0 FLOOOOOOO

g gooobooboobolooboobooso

oooooooooooooooooonb bBrPOO
goobobooboooobooooooboooboonb bBrP O
googobooobooon

O
(2) 000000

0000003.2(1) 00000 THMO DCAOO
0000 (11)00 (12)00000000000000
000000

1) THMOOO0OO0OO0O0D00000

000000000000000000000000
0000 ~0000000000000Fig10000
06000000000000000000000000
0000000000 THMOOOODOOOOOO 60
000000000 THMOOOOODOOO0OO0O00000O




36 0 1500000000000000 (EICA)DDOO0O0O

gooooTEMOOOOODOooooObDe0onoOoOO
ooTHMOOOOOO0OOOO0OO0O0OO0O0OO0O00OTHM
OO000 THMODOOOOOOOOO Fig.6020010 8
000000000 Fig.7020010 9000000000

Rainfall Rainfall Rainfall
50 0 heavy,short-periodd O light,prolongedt [ very heavy,typoonCl
40 Conc. of THM PAC
Water temperature  Predicted injection rate
30 of raw water S Conc. of THM
R measured

Water temperaturél O [J,Conc. of THM measured
and predicted] p g/LLOPAC injection raté]l mg/LO

Fig.6 THM measured and predicted in purified water,
raw water temperature, and PAC injection rate
(August 2001)

50
Water temperature X
of raw water Rainfall
40 [ light,prolongedC
Conc. of THM
30 - measured
Conc. of THM PAC Stop of PAC

injection rate injection rate
7

predicted

Water temperaturé] O [JConc. of THM measured
and predictedlp g/LO0,PAC injection raté] mg/L0

20

10

0 ,,,,,,,,,
< 6O O NN 00O A N MW O~ 0oo,
o NN NN NN NN NN
~ s T S s T T T TS TR COCTETE COTETE T COCTE T
OO OO O OO OO OO OO OO OO OO OO OO OO O

Date

Fig.7 THM measured and predicted in purified water,
raw water temperature, and PAC injection rate
(September 2001)

OO00O0OFig.60Fig. 700 THMOOOOOOOTHM
gboogobooooobboobooboobooboon
00000900000000005~10mg/LOOODO
gboogoobooobbobobooboobooboon
gbogobooooooooobobogooooooon 3. 2
(1) OOOODOOO FL=080000000O t0O 200
googd

35

30 | Y=08x-26 %O

25 [
20 [

15 [

THM predicted p g/LO

10 [

0 5 10 15 20 25 30 35
THMI measured p g/LO

Fig.8 Correlation between THM measured and pre-
dicted in purified water (Aug.-Sep. 2001)

Fig.60 Fig.7OOO0OTHM OO OO THMOOOOO
gboooobooobooobooboobooooooooo
O00000o0o0oo0oUoooooooooo (Fig.e)
0000o0o0oooooo (Fig7)OOODO0OOOOOOO
ooobooooobooooboooobooboooTEM OO
OO0 THMOOOOOOOO Fig.8O0ODOO

Fig.8O0OOOOOOOOODOoO700000000O
googooobooobooboobooboboon
gooooooTEMOOOOODOODOOODOODOOO
googo

2)DCAO0DDOUOODOOOUD

Fig. 90 DCAOOOO DCAOOOOOOOOOOO

10
-
S 8 A
3
=
2 6 | ~
k]
=)
o
a 4 b
g A

5 b y=1.1x-0.03

y =0.9315
O 1 1 1 1
0 2 4 6 8 10

DCAI] measuredp g/LO

Fig.9 Correlation between DCA measured and pre-
dicted in purified water (Aug.-Sep. 2001)

OOo0ooooooDo9300oobcAOODOOOOO
gboooboooboobogon



OOOOEICAOD 800 30 (2003) 37

3.3 J0OoOooOooooooboooooooon pBP
googogon

0000000000 THMOOOOOO DCAOO
0000000000000 THMODCA OO DBPO
0000000000000PACOOOO0O0O0O0OOO
000000000O0000000PACOOOOOOO
0000000000000 0000000C0 DBPO
0000000000000000000

Tab.1 0 Tab.2 00000 THMODCAOOOOO
0000000000000

000000000000000000000000
0000D0O0ODBPOOOOOOOOOOOOOOOOO
000000000000000THMOOOOO0O0O0O0
THM O 00 100pg/LO0DCA 000000 0020ug/LO
00000000000000000000000000
70ug/LODCAD 16pg/LO0 0000000000000
00000000000000000000000000
00000000000000 40pg/L0 DCAO12ug/L0O
000000000 30ug/LO0DCAD 10pg/LOOO OO
O00Tab.10 Tab.20000000000000000
000000000000D0000000

g
(1) DoOooOoo DBPUOODOOOO

000000000000000000000 Tab.1
0 Tab.2000O000 DBPOOOOOOOOODO PAC
00000000000000 20000000000

0000 Tab.lOOOOOTHMOOOOOOOOO
00000000000DCAOOOODOOOOOO
00 Tab.200O0OO0 THMOOOOOOOOOOOOO
Oooooooo

00000000000000000000THM
000 (11) 000000000 THM 000
Crumopsfuemy 0000000 45ug/L 0000

00000000 40pg/LO0OOO0ODOOOOO

a
CTHJMD Effluentd — kTHJVI - THMFP - exp(—0009 . AC)

FL - exp{—4.5 x 10°(T +273)"'} O
-pH X t0435
= 1.04 x 10° - 120 - exp(—0.009 - 0) - 1
-exp{—4.5 x 10°(25 +273) "} - 7-6"%
= 450 pg/LO
(13)

000 Okrmy = 1.04x10°0THMFP = 120ug/LOAC = 0
mg/I0 PACOOO0OOOFL = 100000 00T = 25°CO
pH=70t=6000000000000

0000000000000 THMODOOO 3. 2 (1)
6)000000000000000000000000
0000000 0000000000000000
0000000000000 2400000000pHO
0000000000000 000000000000
000000000 THMOOO Cryamoenpn 0000
(14) 00000000000 Cryumn 5/ fruenti=45ug/L
0000 Crymoenpod 79ug/LODO0O0OOOOOO
0000000000 70pg/LO00000000000

Crumo Bffruentn- 1(t +24)"/t"}
45 . {(6 + 24)0.35/60.35}
7O pg/LO (14)

CTHMD ENDO —

gdobodoboooooboooooooooa
Od0000o00o0o0ooOooooobooobooonboOo DBP
00000 10000 PACODOOODODOOOOOOO
O0THMOOOOOOOOOOOOO

0000000 Ooo0oo0ooooo THM OO
THM g fluenio TaARcero D0 00000000 35ug/L
000000 ono PACOODO ACygegpep D ODOO
0D (11)00000000000 (15) 00000000
28mg/LO00000O0O0O0

(1/0.009) - LN((kz g ar - THMFP
FL - pH-EXP(—4.5 x 103
(T + 273)—1) 't0'35)/

ACNEEDED

THMEffluentD TARGETD)
(1/0.009)LN((1.04 x 10° - 120

1-7-EXP(—4.5 x 10
(20 +273)71) - 6°-3%)/35)
2871 mg/L0 (15)

0000000000 o0Ooooooo THMOO (14)
gon

35 - {(6 + 24)0'35/60'35}
610 pg/LO (16)

CTHMD ENDO —

gOooorPACODOOOCOOOOO0OODOODOOODOO
goooooobooboon
oooopooogbBPOOOODI10O00OO0ODOO
gooooooooooooooobooooooTEMO
0000000000000 o0oO0oTEHMOOO (11)
gooooboooooFrFLObDbOObO100o0800O0O



38 0 1500000000000000 (EICA)DDOO0O0O

Tab.1 O Predicted effects on PAC injection and selection of chlorination position
for the THM reduction by the prediction model 0 00 OO 0O

Conc. of THM predicted with DBP reduction
0 DBP reduction O 00
Switching from pre-chorination
middle-point chorination

Predicted THM O | Predicted THM at[]
inthe plantd] the end-point of (]

Conc. of THM predicted withoutd
DBP reduction 0 DBP reduction 0 00

PAC injection

)

Chlorination
position

Predicted THM O
inthe plantD)

Predicted THM at0)

the end-point of) Target THM in {Needed PAC [ Predicted THM

=

the plantd | injection |at the end-point [
effluentd water supplyCl J effluentd water supply]
JuglLm OpglL fciluen rated | of Véa‘er/f%p'y Ouglm OpglLm
target concentrationIf target concentrationCI} o Op g/l Hg target concentration(fJ target concentrationC}

40 13 70 25 61

Pre-0
chlorination 35 28 61 [l below 30000 below 700]
below 400010 below 700 30 45 53

Middle-point 30 m

chlorination 25 37 61
below 30110 below 70L] 20 62 49

oo oo

Tab.2 O Predicted effects on PAC injection and selection of chlorination position
for the DCA reduction by the prediction model 0 00O OO

Conc. of DCA predicted with DBP reduction means

O DBP reduction 00 [
Switching from pre-chorination

Conc. of DCA predicted without

DBP reduction 0 DBP reduction 0 0

Cr;)lggirt]i?)trllon I PASEEE middle-point chorination
Predicted DCA O | Predicted DCA atl] : i Predicted DCA O | Predicted DCA atC]
inthe plant0) the end-point ofC] Ta{ggt Dlgﬁtlﬂn ‘]\le_et_ied_PAC gﬁﬁ%_ggrﬁ % inthe plantd the end-point of(]
effluentD water supplyd i P injection e / effluentd water supply
OuglLm OpglL ey rate |0 "éaueé/f‘a”]py Ouglm OpglLm
target concentrationIf target concentrationCI} o OpglLO target concentration(fJ target concentrationC}

2 | 7 BN - 16

Pre-
chlorination 10 37 16 [l below 1001 below 160
[ below 12001 below 1601 8 62 13
Middle-point O O
chlorination 8 45 16
below 100 [J below 160 6 77 12

0 Numbers on black background indicated that the predicted THM
or DCA value exceeds the target concentration D 00000000

gboogbotoboobebOon0ob 200000000
00000000000 THMOOOOO (11)oooo
O00002ug/LO00O0OO0O0

CTH]WD Effluentd — 1.04 x 105 <120 - exp(—0.009 . O) -0.8
-exp{—4.5- x10%(20 +273) "'} . 7. 2977

0000000000 000ooooonD THMOO (14)
ogo
25{(2+24)035/2035}
610 pg /L0

CTH]\/ID ENDO —

(18)

gbooboobgobooboooobooobooboon
googooobooooboo

oOoodoprPACOOOOOOOODOOODODODODOOO
goooooboooooooo THMODOOOOOO
googood

(2000000 DBPUOOOOOO

000000000000000000000 Tab.1
0 Tab.200O0O000 DBPOOOOOOOO PACO
Oooooooo

000000 3. 3 (1) 0000Tab.20 DCA OO
000000000000000000Tab.100000
THMOOOOOODOOOOOOOOOOO

00000000000000000000THM
000 (11) 000000000 THM 000
Croumoeffiuensn 0000000 35ug/L 0000

00000000 30pg/LO0O0ODO0OOOO
g

Cramo Ef fluentd — 1.04 x 10° - 120 - exp(—0.009 : O) -0.8
-exp{—4.5- x10*(25 + 273) "'} . 7. 2977
= 350 pg/LO (19)

00000000000000o0oo0 THMOO (14)
O000000008ug/LO000O00O0OODODOOO
0000000 7opg/LODOOOODOOOOO

g



OODOEICADD 800 30 (2003) 39

Crumoenpn = 35-{(2+24)%%/209%}

861 pug/LO

(20)

gdobooooooooobooooobooooog
gdoboboooooboobooodoooboooon
DBPOOOOOOO PACOOOOO0OOODOOOOODOO
THMOOODOOOOOOOOOO

000000000 oooon0 THM OO
THMgfluento Targero 0000000000 25ug/L
00000000 PACOOO ACyegepep 00000
0 ((5)0000000000000003Tmg/LO0O
ooooood

ACneppep = (1/0.009) - LN((1.04 x 10° - 120- 0.8 - 7
‘EXP(—4.5 x 10° - (25 +273)7") - 2% /25)
= 30 mg/L0 (21)

000000000000o00o0ooO0 THMOO (14)
gon

25 . {(2 + 24)0.35/20.35}
610 pg/LO

CTHMD ENDO —

(22)

gOooorPACODODOCOOOOOOOOOOODOODODOO
googooooobooboo

000000 ()Ooooooooooooooooo
THMOOOOOOOOOOQOOOOOO pPACOOOOO
gbooobooobooboogon

0000000000 0oooOoTHEHMOOOOO (11)0
0000 DCAOOODDO (12)0000000000O0
googoobooobooobooboobooboboon
gbooobogboobooboboobobooooobooo
googbooobooboooboooboo

0000000 3.2(1)00000000000 DBP
gooooooooooooboo bBPOOODODOO
gboogbooobooobooobo

oooooooooooo pBpOOOODODOOO
gboboobooobobobooboooooboooo
gboboooooooboboooooooboooo
googobooobooobooboobooboboon
oooooboOobooooboooo bBpOOODODOO
googooooooboo

4 000000000

goooooboooobooooonDoo THMFPO OO
OO00oo0oo0o0 THMFPOODOOOO@OOOODO

Oo0oooOoooOo THMFPODOOOOOO@® THMFP
ooobooooooooooo bppOUOOODOOdO
gboooboobobooobooboboon

(H)OooOOoo THMFPOUODODOUOODODOOO
gooboboobD xoODobooooobooooobobobo
ooooooooooboD THMFPOOODOOO
OOOoOogTHMFPOO THMFPOOOODOOO
googobooobooobooboooooboon
OOTHMFPOOODOOOOODOOODOODOO
googoooooo

(2)60000000THMFPOOOOpHOOOOOO
googoboooboooboobooboooboon
00000 DBPOOODO THMO DCAO 200
googoboooboooboobooboooboon
ODBPOODOCO DBPOOOOOOOOOOOOO
googoboooobooboobooboboooon
DBPOOOODOOOOOOODOOOOOCOO DBP
googobooobooobooboobooboon
goooooooooooooobpBpOOOOOO
googbooon

ooooooooooo bBpOOODOOOOOODOO
googoooboooboobooboobooboo
gbooobooboobooboboon

googooo

10000000 000000000000000000”,
EICA, Vol. 5 (No.1), pp.153-158 (2000)

20000000 bOoOOOoOO0bUObODODOOODODbDOOD
or",0400000000000000DDOODOODO
000, pp.262-265 (1992)

30 000000mMO00000000000, pp.83-1050pp.131-
13300000000 (1983)

4000000F 0000000000000000000 0
000000 Vol. 380 No.120 pp.1025-1031 (1996)

50 Kohei Urano et al.0 “Empirical Rate Equation For Tri-
halomethane Formation with Chlorination of Humic
Substances in water” ] Water Research, Vol. 17, No.12,
pp-1797-1802 (1983)

60 000000 0000000000000000000"0
0000000No0.5960 pp.27-37 (1984)

70000000 0000000000000000000
00’00 470000000000000 0pp.540-541
(1996)

g goo
g goo

2003. 10. 70O
2003. 10. 300



