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ABSTRACT

A number of disinfection by-products (DBPs) are formed as a result of the addition of
chlorine into the public water supply and some of them have been suggested to cause
adverse health effects on humans. However, the estimation of human ingestion exposure
to each DBP has been performed simply by multiplying the concentration of a chemical in
the cold tap water by the volume of water consumed during a given period of time.
However, a questionnaire concerning water consumptions administered to sixty people
residing in Chunchon showed that the volume of tap water consumed accounted for
approximately 70% of the total volume of water consumed and that of heated water
represented approximately 94% of tap water ingested. Heating durations for water-
containing foods (e.g., soups and pot stews) and heated beverages (e.g., barley tea) were
grouped into 10, 20, 30, and 35 minutes. Based on these time frames, an aluminum pot
containing one liter of tap water was heated for the above respective time periods using a
gas range to determine the variations of the concentrations of individual DBPs by heating.
The pH and total residual chlorine were measured before and after heating. Collected
water samples were carried to the laboratory and analyzed for eight DBPs and total
organic carbon. Chloroform, bromodichloromethane, chloral hydrate, 1, 2-dichloro~2-
propanone, 1,1, 1-trichloropropanone, and dichloroacetonitrile were not detected following
heating for 10 minutes and longer, The concentration of dichloroacetic acid (DCAA) was
elevated with heating duration, resulting in the averages of 2.0, 3.1, 4.7, and 12 times
the initial concentration, respectively, for 10, 20, 30, and 35 minute heating periods. On
the other hand, the concentration of trichloroacetic acid (TCAA) decreased with heating
duration, with 0,65, 0.40, 0.34, and 0.19 times lower than the initial concentration.
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Therefore, it is suggested that ingestion exposure to DCAA increases with heating
duration but that ingestion exposure to TCAA decreases. In addition, while the amount of
DCAA was elevated at the initial time periods (10 or 20 minutes) and then slowly
decreased, that of TCAA was rapidly decreased. In conclusion, water-heating processes
during cooking influence the concentrations of individual DBPs in the tap water, with
lower levels for volatile DBPs and TCAA, and higher levels for DCAA. Therefore,
concentration change needs to be taken into consideration in the estimation of human

ingestion exposure to DBPs.
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Table 1. Comparisons of T-Cl, TOC and the concentrations (ug/L) of DBPs between before and after 10
or 30 minute standing at room temperature. DCP was not included due to its absence in the

initial tap water

Duration

(min) T-Cl TOC CF BDCM CH TCP DCAN DCAA TCAA
0 1.1 1.1 13 2.0 2.6 1.1 1.1 13 14
10 1.0 1.3 12 1.7 2.6 1.2 1.1 11 12
30 0.48 1.4 13 1.7 3.7 1.0 1.0 12 12

Table 2, Changes of water volume (mL), pH, T-Cl(mg/L), TOC (mg/L) and the concentrations (ng/L) of
CF, BDCM, CH, DCP, TCP, DCAN, DCAA, and TCAA with heating duration

D?rf};‘;’n (Xfil) pH T-CI TOC CF BDCM CH DCP TCP DCAN DCAA TCAA
0 1,00 63 03 14 80 078 19 070 09 12 16 17
Exp. 1 10 866 7.9 0.24 1.7 * 37 12
20 605 7.9 0.27 2.4 39 7.4
30 340 8.1 0.27 3.7 47 6.4
0 1,000 7.0 0.41 1.4 10 0.91 2.3 0.81 1.1 1.3 14 16
Exp. 2 10 880 80 028 17 0 7.7
20 600 8.4 0.32 2.2 39 4.9
30 310 85 0.28 3.9 51 4.6
0 1,00 68 043 15 6.3 08 1.0 13 08 019 11 12
10 80 81 033 25 20 9.2
Exp. 3 20 560 8.2 0.36 2.9 44 5.8
30 280 8.3 0.32 4.9 68 4.1
35 125 8.7 0.3 89 115 1.8
0 1,000 7.0 0.42 15 64 0.8 09 1.1 078 0.19 12 13
10 80 85 032 2.1 20 8.7
Exp.4 20 540 8.1 0.35 2.8 39 5.2
30 240 8.1 0.32 5.1 73 5.1
35 9 85 036 14 162 3.7

*. Below the detection limit (CF, 0.61; BDCM, 0.20; CH, 0.81; DCP, 0.32; TCP, 0.17; DCAN, 0.070pg/L)

A1ZF 10, 20, 303} 353 Afelefl Ao #-2)=]l 2}
o] Heo]A] ¢t} (p=value=0.176). pHe} &
A T-Cle 2719 257} 37 0,404 7}
goj €3] 10, 20, 30, 353 s 7z 0.29,
0.33, 0.30, 0.342 ZFAsgdA", 71dA7F 7+
AN F2AHe Aeolrl gE Aoz qehdt (p
value=0.549). ¢|¢} Zte] pHE T-Clo] 7}dA]
7k Abelel]l £-2]AQl Aol E HoA] o2 AL %
71 7}RA (5% ool B9 IdaFrc o4t
sietael AFdae] Fisfe] Werl, #7] Al
Z48E o] Fojl= o]AbEltAS) AHF-HAIF Bl
Ry £AHE £571 B9 2H9 7t 459

A9 $AH7] d'8]] Aoz A7y, whHel,
TOCY =t 719AI1zte] 743 vt 713}
o], F5FE 0.05004 7 FFDAIZE Alelol] 9]
Al o] E BT (p=0.010). °]&= & Fo &
A3 72 {71 FEE 7Hdel o &
A FUse REE dFe)lm dHREL
E Fol A3t B9 237t A we F
5 235 7HA2TE AE o 4 sk
7}dA|Zkell w2 DBPs9 = wH3lE Auin
%, CF, BDCM, CH, DCP, TCP ¥ DCANZ
1083 2 o) Ao Azt F<t 7hdsl s J HE
&4 (242 0.61, 0.20, 0.81, 3.2, 0.17. 0.070
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Fig. 1. A plot of the concentration of DCAA (ug/L)
vs. heating duration (min)
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Fig. 2. A plot of the concentration of TCAA (pg/L)
vs. heating duration (min)
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A, 358 FoF 7FAEdE W 0.159) 0,234
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3. &XE 7tdol WE Lo Hat

74X M2 B F9 T-Cl, TOC, DCAA
2 TCAA] w5l =9} RIg o843t A
N2 el oF& AAbsts e (Table 3).

T-Cl9] k& 7} 7ol whe} w9 FA3] 7
3 A%E Bodch 23R8 elld ReF
o] FEoE Z W3} = AL B U

A = By A dFelztn & 4 9ot
Hofl, TOC] <f& Alzbell we} A3 3hAas}
73S vepich 33, DCAAS %42 AY
20| A= 108 7HdAlel F7lsigichrt o
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Fig.3. A plot of the amount of DCAA (ng) vs.
heating duration (min)
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Table 3. Changes in the amounts of T-Cl, TOC,
DCAA, and TCAA with heating duration

Time T-Cl TOC DCAA TCAA

(min) (mg) (mg) (pg) (ug)

0 0.35 1.4 16 17

Exp. 1 10 0.21 1.5 32 10
. 20 0.16 1.5 23 4.5
30 0.092 1.3 16 2.2

0 0.41 1.4 14 16

Exp. 2 10 0.25 1.5 26 6.8
: 20 0.20 1.3 23 2.9
30 0.087 1.2 16 1.4

0 0.43 1.5 11 12

10 0.27 2.1 17 7.6

Exp.3 20 02 16 25 3.2
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Fig.4. A plot of the amount of TCAA (ug) vs.
heating duration (min)
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