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Summary

This study has shown the characteristics of TOXs formation appeared according
to the initial temperature after chlorine is input, chlorine dose, and
situation condition respectively in the subject of the source of water S, Y, E,
and H, which are used as water supply sources in the north area of Jeju.

NH3z-N, NO3-N, Cl1, TOC in the source of water E, H were much more detected than
those in S, Y, but there was no distinctive difference in the amount of the
TOXs formation of the raw water before chlorination.

The feature was clearly seen that the more chlorine dose which was injected
after break-point, the more the amount of the TOXs formation when the initial
temperature was either 10C or 20C : yet, there was little relevance as the
initial temperature was 307 and the amount of the TOXs formation in a dark
room was larger than that in out of the room on the situation condition.

It can be inferred that all the NH3-N should disappear when the ratio of Cly/
NHs-N was over 10 with no relation to the initial temperature, chlorine dose,
situation condition, and the amount of the TOXs formation would be around
29.345~65.919 wgCl/ ¢ when the ratio was 5 and below and would be 41.516~
94.520 wugCl/ ¢ when the ratio 7.32 was close to 7.6 which is generally used
theoretical value in a actual water plant.

The correlation(Rz) of the amount of the TOXs formation to the factor of the
simply removed TOC concentration was 0.53 out of the room on the average, 0.60
in a dark room, and the correlation ratio of the amount of the TOXs formation
to the ratio of Cl,/TOC was 0.89 out of the room on the average, 0.93 in a dark
room, which shows a large relationship compared to the former, Based on this,
it becomes clear that we can’t tell what the characteristics of TOXs formation

is like with only the factor of simply removed TOC concentration,



The amount of the TOXs formation was around 29,345~94.452 wgCl/ / when the
ratio of Cl,/TOC was 2.07 and below, and this research says that there was a
kind of liner relation between the ratio of Cl,/TOC and the amount of the TOXs
formation,

The amount of the TOXs formation was getting larger according to the initial
temperature, The increasing range of the amount of the TOXs formation was
generally a lot larger, especially when the temperature went up from 20C to 3
0C compared that in the change from 10C to 20C. On each initial temperature
condition, the formation of TOXs had not been changed at 10C irrespective of
chlorine dose, situation condition and had been inclined to increase when 0.8
ppm(as Clz) of chlorine dose was injected at 20C with no relation to situation
condition and had a tendency to increase corresponding to the increase of
chlorine dose was injected at 30C generally independent of situation
condition,

We can generally jude that the amount of the TOXs formation was increased in
relation to that of chlorine dose, and this tendency was clear out of the room
more from a dark room when initial temperature was high,

The characteristics of TOXs formation according to situation condition was
detected in order of a dark room, out of the room., This explains to us that the
consumption of the injected chlorine which resulted from dissolved chlorine by
light, activities of microbes, and formed algae to the reduction of the

residual chlorine, and this had a effect on the amount of the TOXs formation.



A&

—_
o

AR opg o] AA, 2F7e] Abd, A -

0

!

o
™~
Ko

TR

tj 25 CHCl; 2.8

(]

R

THM

|

R

REE

b

E 3¢l Trihalomethanes(THM)o]

I-Aél

[e}
=

, 1995), A|F=|

tjo

NI

1

1 5, 1991), (

N

, 1990), (

i

2}

o)

, 1989), (

Lo
ﬁo

S, 1987), (

1997) =]

’

(disinfection by-products, DBPs)Z A

AE=WHO THM, Total Organic Halides(TOXs)& e

o
o}

—_—

£
BH

H| 7} 33~

\3
(=]

=
= oA gl
1071217} |

]

z

15

I (Sigeru &F Akira, 1999), B4 W ofZpgofA]2] TOXsoll thgt THMS]
JTHSinger £} Chang, 1989).

2, THY o] SlolE BT



ZA70 ]

g ofzt u]

ofy

o1&

olJ
~

m__m

o

Yy
o

I Z}(Surrogate) Z TOXsol] tfgt

3} ©](1997)0ll &3l = FxA e Z oA

718 BlebEEe} ToX 9 TOXFPY] #H3to] tigh

oo

do

b

i

1998),

I_‘;y__(

=2 O
- T

)
L

o171 ul7} gick.

EEERPEEEN)
3 glent AFA

N

471 ]

2 o] &E =



el

"
.

IT.

Hr

<4
il

Heleld 712 AR} FHss

olct.

G
o

do

ol

w

2
| = BT

T2 9438k Snoeyink £} Jenkins(1980)2]

= Aol

o

oo

+1.38 volts

EHO =

Clz(ag) + 2" = 2Cl

Ey = -0.77 volts

Fe” = 2Fe* + 2¢

ulebx] A ARt

(3)

+0.61 volts

EH:

= 2Fe* + 2C1

2Fe” + Cls(aq)

o

bol Hote

235

o}

" pKa =7.5

H + 0cl

<

HOC1

o] phof we}

¢

HOC13} OCl™8] ZazH]Eo] nji-¢-

pH7}

A=Y
R

AL}, Cly(aq)

[e2}
=

B2t HFH A(free chlorine residual )&

2.0 oju



bl pli7h F7404% o017}

°

ol

P2 oA "t A7 3

=
p .

SRE P

(o)

T

Hoclo] 7 e]

HOC13} 0C1 7} tjfEe)

|

R

of| A

2~
a

H

39 ¥

5}
5)

2] &

=
| .

ol Eof pH 9o] el =

2
i

chEA vehdr,

ol

o

A

ol
AL

4
ol

X

k3
o

tct.

Y

°

40,

+ ZHZO

2C1

<

2H,0 = 4H + 0, + 4e

2HOC1 = 2H" + 2C1

2 F-2F(chlorine demand)o] @}

2HOC1 + 2H + 4e

i
B
o)
olo
jans

ate] Aol Lpepdth. of o} uH(1995)

o wlad WA oyt

Fe¥' 2 Ats}E

LS

el
)

BH

dl,

|

R

R

2+

of @7t 74siA|R Fe



ToH

i

J

2

t7t

R

z

HOC1of| A 2} m}

(10)

A Ko I o

LY
R

2 Z
(=

NHClg + Hzo
NC13 + HzO

P
<
—

2+ 5 od A(combined chlorine residual )2 d&Holzx]= ZE 7}
ofch. olml NiCI ® NHCL, Ujo] 9l bz}

NHz(aq) + HOCl = NH,C1 + H,0
NHC1, + HOC1

NH,C1 + HOC1

o8 7HA|
Chloramines?] AL olzje} Zo] wrAIF o E END 4 it}

o] we} welich,

J))

o

(CHsNHC1 ) 2}

o].u

(CHaNH:) 2+

—_—

o].u

]

ol

oAz =

oln

1

o

SEEE

(11)
(12)

H,0
H,0

CHsNHC1 — CH3NClg +

HOC1 + CH3sNHz — CHsNHC1 +

HOCI +

B\l

B

J))

H

B

Hocl =}

U7l = e

=

=

) ,\H

=

15

Y

ol 23

5



& v

Reaction scheme for the chlorination of phenol.
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Table 1. Actual and available chlorine of pure compounds

Mol. Chlorine
Compound Weight Equivalent Actual Chlorine(%)  Available Chlorine(%)
(moles of Cly)

Clp 71 1 100 100
ClLO 87 2 81.7 163.4
ClO2 67.5 2.5 52.5 260
NaOCI 74.5 1 47.7 954
CaCIOCI 127 1 56 56
Ca(OCl)2 143 2 496 99.2
NaClO» 90.5 2 39.2 157
HOCI 52 1 67.7 1354
NHCl, 86 2 82.5 165
NH2CI 515 1 69 138
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Table 2. Disinfection by-products formation and health effects by chlorination

DBPs name Chemical formula Health effects

Liver toxicity, Nephrotoxicity,
Chloroform CHCls _

Carcinogen
Bromodichloromethane CHBrCl, Liver toxicity, Nephrotoxicity
Dibromochloromethane CHBr.CI Liver toxicity
Bromoform CHBIr3 Liver toxicity
Chloroacetic acid CH2CIOOH Liver hypertrophy

Increase of glucose terteric acid in a
Dichloroacetic acid CHCI.COOH serum, A lesion of spermatogenesis,
Neurotoxicity, eye hazard

Trichloroacetic acid CCIsCOOH Peroxysome creation
1,1-Dichloropropane CH3sCH2CHCl, Liver hazard
Dichloroacetonitrile CHCI.CN Mutagenesis, Clastogenesis
Dibromoacetonitrile CHBIr.CN Clastogenesis, Carcinogen

o Mutagenesis, Clastogenesis,
Bromochloroacetonitrile CHBrCICN

Carcinogen
Trichloroacetonitrile CHCI3CN Clastogenesis
Chlorocyan CNCI -
Chloropicrin CCIsNO2 -
Trichloroacetoaldehyde ClsCCHO Mutagenesis
2-Chlorophenol CeHsCl Embryo toxicity, Tumor promotor
2,4-Dichlorophenol CsHaClo Embryo toxicity, Tumor promotor
2,4 6-Trichlorophenol CeHsCl3 Carcinogen
Formaldehyde HCHO Mutagenesis, Carcinogen
MX(3-Chloro-4-dichlorom Mutagenesis

ethylhydoxy—2(5H)
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Table 3. Water supply sites from the source of water and water plants

Source of water Water plants Water supply sites
S Byoldobong  lldo2, ldo1, Samdo2, Hwabuk, Samyang
Y Ora Yongdam1.2, Samdo, Ora, New-jeju area
Yeondong, Ora, Nohyeong, Oedo, Dodu, |ho2,
E Wolsan
Samdo1
H Hanrim Hanrim, Aeweol, Hangeong et al. 3 eup 37 ri

Table 4. Analytical items and condition

[tem Analytical condition

DX 500 lon Column : lonPac AS4A-SC, Column flow : 2 m¢/min,
Eluent : 1.8 mM NaxCO3z + 1.7mM NaHCO3/2 ¢,

Chromatography o
Suppressor voltage : 50 mA, Injection volume : 100 #£,
analyzer Detector : conductivity, Pump pressure : 5000 PSI
TOC-5000A Method : Combustion, Combustion temperature : 680C,
Measuring range : 4 ppb to 4,000 ppm
analyzer

Sample injection volume : 4 to 250 «£

Prepacked TOXs column : 2 mm ID, Fill rate : 33.0 m{/min,
Sample adsorption volume : 10 m¢, Adsorption rate : 1 m{/min,
Nitrate wash volume : 3 mf, Nitrate wash rate : 3 m{/min,
DX 2000 Range : 4~1,000 xg/ ¢, Combustion temperature : 25~11007C,
TOXs analyzer  cell voltage : 248+2 mV, Cell check solution : NaCl 200 ngCl/ul,
CO2 gas @ 99.999%, 45 PSIG, O; gas : 99.999%, 30 PSIG,
Recovery factor : 90~110%, Colum type : Top Only

Gain table : medium
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Table 5. Residual chlorine dose added after break—point

Residual chlorine dose (ppm as Cly)

Sampling sites

0.6
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L

, 1998).
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Table 6. Correlations(R?) between TOXs formation and each of Cl/TOC ratio and the

concentration of TOC removal

ltem TOXs vs. Cl/TOC ratio TOXs vs. TOC removal
Initial Situation
. Out Dark Out Dark
Temp. (C)|Sample
S 0.89 0.96 0.45 0.27
0 Y 0.88 0.93 0.73 0.56
E 0.90 0.99 0.71 0.92
H 0.97 0.86 0.74 0.48
S 0.88 0.99 0.98 0.31
0 Y 0.80 0.86 0.37 0.99
E 0.86 0.99 0.55 0.65
H 0.97 0.96 0.41 0.97
S 0.79 0.77 0.45 0.28
Y 0.98 0.96 0.67 0.79
30 E 0.83 0.95 0.17 0.03
H 0.93 0.90 0.18 0.94
Average 0.89 0.93 0.53 0.60
¥ at different sample sites, initial temperatures, situation condition
250
200 ¢ ’ = 100 O
~
S 150 - A 200 O
8 A, : A 300 O
X 100 - A gt - "l
9 A ,Te I Y . =200 D
AA X3 - [ ]
50 ia ;‘ :_'3 v - 300D
0
0 1 2 3 4 5
ClL,/TOC

Fig. 9. TOXs formation according to Cl/TOC ratio. [O-out, D—-dark]
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