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A Study on the Chlorination by-Products in the Tap Water.

Division of Drinking Water

Keun Yong Pak, Gyung Sig Kim, In Suck Hong, Young Su Kim

= Abstracts =

In this study distribution of various chlorination by-products were analyzed in tap
waters. The results of this study were summarized as follows:

1. Average THMs, HANs and HAAs concentrations were 28.55us/ 2, 2.74ws/ £, 13.43us/ ¢
respectively in tap waters.

2. Concentrations of DBPs increased with increasing temperature, and increased rapidly in
the initial period of contact time, but rate of increase became slow gradually.

3. The correlation coefficients among THMs, HANs and HAAs were 0.492~0.646 showing
not comparatively high values.

4. The correlation coefficients between DBPs and distances distributed were 0.643, 0.267,
0.327 for THMs, HANs and HAAs respectively, therefore those of THMs appeared high
in each distributional regions.

5. Ag surveyed values were suitable based on the standards of Korea, Japan and WHO, it
was considefed that the effects of those would not harmful to human body. But some
values appeared to be over 50% of standard, and special attention were to be called.
Items of HAAs might be added on the standard now.
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Fig. 1. The mutual change of DBPs.
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Table 1. The standards of the DBPs in the drinking
water.(unit :mg/ £ )

THMs HANs HAAs
0.1 below | - -

Korea |

Dichloroacetic acid

Japan | 0.1 below Dichloroacetonitile * .04 below
"0.08below | Trichloroacetic acid
2 0.3 below

Dichleroacetic acid

: | Trichlcroacetonitrile 20,05 below
WHO | 0.Ibelow 2 00.01 below Trichloroacetic acid
‘ . 0.1 below
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Chloroform. Dichloro-bromomethane,
Chloredibromo methane, Bromoform& ez
gtaom, HANsY A% A 7lsAol =& 24
24 Trichloroacetonitrile, Dichloroacetonitrile,
Dibromoacetonitriles 4335t HAAsE
Dichloroacetic acid, Dibromoacetic acid,
Trichloroacetic acid, Tribromoacetic acidE 4
EHZ dAs] S48
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Chloroform, Dichlorobromomethane.
Chlorodibromomethane, Bromoform,

Adue Weg LAWY FPA method” Dichloroacetonitrile(Standard solution
o oa AgetRon ALE7]7|eh Z2UEE Table 2 1000ug/m¢, Wako chemicals, Japan)
o Jehfdch + Trichloroacetonitrile, Dibromoacetonitrile

Table 2 The methods and instruments for

(Standard solution 10w /m¢ . Dr.

Ehrenstorfer GmbH, Dutch)

analysis of the DBPs. + Dichloroacetic acid, Dibromoacetic acid,
Trichloreacetic acid, Tribromoacetic
B Agd A AlgE Ewe goksld &3} 2t acid(Standard solution 1000w /mé
1) THMs : Purge & Trapel A& tmiE ¥ Supelco, USA)
*2%3% (3as Chromatograph o A% F4st « tert-Butyl methyl ether(HPLCE |
o BAgi Aldrich, USA)
2) HANs @ A Z100mlel NaCl 8g, MTBE 5ml + Sodium sufate anhydrous(GR. Shinvo
% Y3 A BB % Ik 7718 & chemicals co.. Japan)
S B3 Na,SO2 ZF3te Gas + Sodium chloride(GR. Shinyo chemicals
Chromatographel 3t E4gch co., Japan)
3) HAAS : A& 100mlel H.S0,2 pH< 22 2 » Sodium hydrogen carbonate(GR, Sarahai
23 Na2804 2.4g¥ MTBE 5ml< 9 7% chemicals co., India)
g 8ol 234 7180 & EFHE + Sulfuric acid(GR, Junsei chemicals co..
10% .80,/CH,O0H 1mle 22 50TolA 2 Japan)
Al ‘ﬂ‘f% 121t} NaHCO; 23489 4mlE 4 + Methanol(GR, Hayman limited, England)
= 714052 Na,S0.E g5le] (Gas
C‘hlomdtogmphﬂ Fstd BA g 1 8 mE
NEWE] 1. 2S489 MY

i 90
ruZ
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g 1 = ¥ 54
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Table 2. The methods and instruments for analysis of the DBPs.

THMs 7 HANsg HAAsg
; Test method of driking
Meghied water EPA method 551 EPA methéd 552
Name (Gas chromatograph Gas chromatograph Gas chromatograph
(HP5890 1) (HP6890) (HP6890)
e — Column VOCO/MS Utra-2 Utra-2
(90m = 0.32mm x 1.8&am) | (25m>0.2mm>0.33m) | (25mx0.2mmx 0. 33un)
Detecter ECD ECD ECD
Carrier gas N2 at 1.0m¢/min N2 at 1.0m{/min N2 at 1.0m{/min
ge & Tre LLE LLE(methylati

Pre-treatment system EECIE;;&; 2{1)8(1))) ey ladtor)
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Fig. 2. The variation of the DBPs by time.
(at normal temperature)

N g A a]E THMse] 44 2 9%

4 +%80 TF

% A% gl ARE Al 2490 &
L] =

2

G

g L%E}‘z;’ti“ﬂ. zZt F4aE THMs9 jéﬁﬁ’.ﬂ%’
9.93~39.81% ol #e 2LF HEE £d7|F9
100ug/ £ ©l3tel] A3 AFE Ho|m gi9lc} AR
H E£XE EW chloroformel AA THMse
67.60%% 2A1etn e bromoform< 0.21%
o] ko= A9 A2HA gt
dichlorobromomethane® chlorodibromo-
methane, bromoformé BriH as&el oke)
32.39%=A veht $2] Yt o= Bro] ox
Az Yr=HS 9l 2L & ¢ ddt. & THMY
B 7~65Ug/ﬂi Ex5e] gldden $az|x9
i

I'

Zax|o| Hlg] Exl
et o] Dichloroacetonitrile

temp (C)

| ——THMs —e— HANs —8— HAAs |

Fig. 3. The variation of the DBPs by temperature.
(time : at once)
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13.43ug/ 221913 Dichloroacetic acid®2t Trichloro-
acetic acide 58 ABdA dzHdr. 2%
THMs® 50%7F dAdtn deizien™ £ 43
A= THMsY 50%8 =7t FFHEHA

Dichloroacetic acid< 6.94ug/ £ 7} AEE o] L]
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Table 3. The distribution of the DBPs in tap water supplied in Seoul. (unit: g/ £)

Treatment plant Total
Item mean
A B C E F G H I values
T 26.20 2865 17.35 10,33 7.02 21.80 777 1891 19.1 19.30
+555 +£3.76 +£555 1301 =+0.70 +£5.19 =+830 +532 *4.79  (67.60%)
Dichlorobromo | 11.55 10.38 6.63 2.29 9.45 9.35 5.97 9.99 8.20
methane +430 +£166 +£1.92 +169 =+1.03 +1.53 =+3.30 +2.74 +1.29 |(28.72%)
THMs Chlorodibromo | 1.28 1.09 0.93 .85 0.58 1.20 1.51 0.75 1.33 0.99
methane +0.50 +0.25 £0.13 £0.13 +0.17 £0.17 +0.38 +0.24 =+0.19| (3.47%)
| ‘Beswmororm. | 0.05 0.06 0.06 0.04 0.05 0.09 0.04 0.08 0.058
+=0.03 +0.01 +0.01 +0.08 =*0.01 =£0.02 =£0.08 £0.01 =0.09| (0.21%)
Total | 38.79 39.81 25.35 1657 993 3251 2868 2568 30.51 28.55
‘ +8.92 +6.08 +6.69 +462 +1.74 +6.82 +11.33 +8.18 =+6.16 | (100%)
Trichloro | xp  ND ND ND ND ND ND ND =
-acetonitrile
Dichloro 3.26 1.95 2.89 2.12 2.71 3.24 1.96 2.87 2.70
—acetonitrile +0.84 +0.72 +0.30 +£0.43 =+0.52 078 +0.55 +0.33 =+0.48 | (98.54%)
HANs Dibromo = o ; 2 0.13 0.16 0.04
-acetonitrile b RE NP +0.21 ND +0.11  +0.20 i ND (1.46%)
Total 3.26 1.95 2.89 2.12 2.84 3.40 1.96 2.87 2.74
+0.84 +0.72 +0.30 *0.44 +0.52 =*0.66 =£0.80 £0.33 £0.48 | (100%)
Dichloro 6.14 416  6.82 5.52  10.55  6.88 6.87 7.72 6.94
-aceticacid | £5.09 +357 066 =390 +1.10 +408 +490 +3.65 +2.30|(51.68%)
Dlbromo |\ Np - ND ND ND ND ND ND | -
-acetic acid
HAAs Trichloro 7.78 5.87 6.43 4.14 9.92 6.19 5.86 5.66 6.49
-acetic acid +4.10 +£1.41 +£1.00 =£2.74 +0.72 +4.41 +3.23 +3.24 +1.54|(48.32%)
Trbrome | xp ND WD ND ND ND ND ND | -
—acetic acid
Total 13.92  10.03 13.25 14.37 9.66 2047 13.07 12.73 13.38 13.43
B +9.47 +567 +161 +6.13 +181 +839 =+807 +6.87 =*+2.73| (100%)
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Fig. 4. The composition of DBPs in tap water supplied
in Seoul.
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Table 4.The correlations between the occurrence of
DBPs(C) and distances from each filtration
plants(X).

(unit: Clug/ 0, Xlknj)

Class  Regression equation

Correlation coefficient(r)

THMs C=2.258X+12.530 0.643
HANs  C=0.126X + 2,975 0.267
HAAs  C=3.172X +7.865 0.327

Fig. 5. The distribution of THMs, HANs and HAAs in
DBPs.
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