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Abstract

This study was performed to research the characteristics of disinfection by-products (DBPs) of swimming pool waters in
Busan. Swimming pool water needs to be disinfected to ward off infections caused by microbial pathogens. However,
chemical disinfectants react with organic material in swimming pool water and produce by-products that have potential
health concerns. This study sought to investigate the concentration levels of thirteen DBPs including THMs, HAAs, HANs,
CH in swimming pool waters. Formation characteristic of DBPs using three different disinfection methods such as chlorine,
chlorine-ozone and electrolysis were also compared. The composition of HAAs is present at the highest value, followed by
THMs, CH and HANS. In this study, disinfection of swimming pool waters produced various DBPs. Therefore, swimming

pool water regulations for DBPs are needed.
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Table 1. Sample number by disinfection methods of swimming pool

disinfe ction methods Chlorine Chlorine —Ozone Electrolysis Total

No. of Samples 8 9 3 20
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Fig. 1. Sample number by disinfection methods of swimming 2 YA Byaslgint,
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Table 2. Operating condition for analysis of THMs, HAAs, HANs and CH

[tem THMs HAAs, HANs, Chloral hydrate
Agilent 7694 HP 6890GC/Agilent
Instrument Headspace sampler 5973N MSD
HP5890GC(ECD)
Carrier gas N . He .
1.0 m L/min 0.8 mL/min
CP-SIL-8CB(CP7454) HP-5MS
Column 50m, 0.32mm 1.D. 30m, 0.25mm L.D.
0.25mm thickness 0.25/m thickness
8min at 40
Column temp. 20C/min to 100°C 7min at 35C
program 2min at 100C 10C/min to 150C
20C/min to 230TC post run Sminat 300C
Imin at 230C
Injection mode Split(95:1) Split(10:1)
[onization mode - El'
Injector temp.(C) 250C 250C
detector temp.(C) 280°C 280C
Zo % nFE Aol i At EF-S AME-3H] wji oot Bz oF KMnO 4 48|
o] 8Yoll A vl A2 3 7)ol vlaLF o] g2t @
29540 23 54 o o2 A7,
A A sk A =97 207149 97 AT
50| HtFEE Table 30| HebiSich 20704 2% = SO A=52ME EY
A AR UES RUNRALEEE B 07 ARRAEY FF
0.8 mg/L& 7] o]y 2 Yetitoy 2074 F 1322 7S TERES AEFAES TRl THMs, HAAs, HANS,
ZI3A o, G40 2E B Ak Aoy H7| B 5 o] Chloral Hydrate, Haloketones, Chloropicrin,
3t P A A B} GAhLET AASRE = Aof| A vl Chlorocyanogens, Halophenols, Halcaldehydes 5°] %)
4 2 FYARILEES et eEas So A on & AoAe Ut HeerdrE a5
AAZE k= A9+ 0.2 mg/L oS fA sk oF sh=1| FEE AR O W L EA S Table 40 UeEbW ST,
s 2 0.6£0.3 mg/La Uetilth dd 2 8493 10
Hol chh o g verisi AEP ) TE A5 S 54
Faol e El B 7.0+0.3& YE e a4t FARAY 207 & 9 0 asialbs Yt 5 EE
S Ao A tha =4 Uehgi=dl o) AEARE ozteldel  Table 5ol UERUigich, & A didkl 20704 =9 40] 85

Table 3. Average concentration of residual free chlorine, pH, turbidity, KMnO4 Consumption, DOC at 20th swimming pools in Busan

free Res. chlorine pH Turbidity KMnO4 DOC Total Coliforms
(mg/L) - (NTU) comsumption (mg/L) (mg/L) -
Standard 0.4~1.0 5.8~8.6 2.8NTU 12 - 2
Total 0.7+£0.8 7.1%0.6 0.56+£0.43 2219 25117 ND
May 0.5%0.3 7.0£05 061£0.53 19121 34120 ND
Month August 0.8t1.2 7.2%t.8 0.7710.35 31122 2516 ND
October 0.8%0.6 7.3£05 0.35=0.25 1.61.1 1.7+0.9 ND
. chlorine 09*+1.1 7.3£0.6  0.65=0.50 2.8%2.1 2.8%1.3 ND
Disinfection )
Method chlorine ozone  0.6£0.3 7.1£05 054%£0.36 1.4%+1.6 21117 ND

electrolysis 0.6£0.4 6.8+20.8 0.33%0.23 25+t1.4 3.1t27 ND
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Table 4. Characteristic of DBPs

[tems Structural formular LD50 (mg/kg) Cancer Classification
Chloroform CHCls 2000 B2
THMs Bromodichloromethane CHB«Cle 900 B2
Dibromochloromethane CHBr2Cl 1200 C
Bromoform CHBmn 1400 B2
Monochloroacetic acid(MCAA) CICH:COOH 76 -
Monobromoacetic acid(MBAA) BrCH2COOH 100 -
HAAs Dichloroacetic acid(DCAA) CI2CH2CO0H 2820 B2
Trichloroacetic acid(TCAA) CI3CH2CO0OH 400 C
Dibromoacetic acid(DBAA) Br2CH:COOH - -
Dichloroace tonitrile(DCAN) C2HCl2N 245 -
HANSs Trichloroacetonitrile (TCAN) C2CIsN 245 C
Dibromoa cetonitrile (DBAN) CeHBr2N 245 C
CH Chloral hydrate CIsCCHI(OH)2 479 C

% Group B: Probable Human Carcinogen, Group C: Possible Human Carcinogen

Table 5. Average concentration of disinfection by-products at 20th swimming pool in Busan

THMs (pg/L) HAAs (ug/L) HANs (ug/L) Chloral hydrate (zg/L)
Drinking Water Standard 100 100 194 30
Total 21.5+17.8 64.3+54.7 46+4.3 15.0716.3
May 17.9+116.5 7891613 45+36 1474143
Month August 37.2+15.2 489+50.1 29+44 16,6205
October 124+123 62.7+50.4 6.0+4.6 141+149
chlorine 25.9+20.2 87.5+49.3 46+4.2 23.3+19.9
Disinfection chlorine —ozone 1611150 45.8+54.0 3.8+3.9 8.9+9.2
Method electrolysis 24.8+14.5 47.7+51.2 7.1%5.7 7.7+7.2
e AT EE AR 2 107140y A5l Agke AldtE 47182 B4 ok = JFS v Jo g 34 H
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Table 6. THMs, HAAs, HANs, Chloral hydrate levels by disinfection methods (unit : wg/L)
Chlorine Chlorine =Ozone Electrolysis
Mean£SD Mean £SD Mean*SD
CF 20.9£17.2 8.810.9 8.7£8.3
BDCM 3.9+55 3.5135 7.7£5.5
THMs DBCM 12424 24+34 65+4.3
BF N.D 1.4*45 2031
MCAA 09*1.0 0.6£0.9 0.8£0.5
MBAA 0.4+04 0.3£0.3 1.0£1.0
HAAs DCAA 34.8+21.3 17.2+£20.2 15.8€17.6
TCAA 49.2+26.7 26.0+32.7 26.9£29.3
DBAA 23129 1.8£2.1 3.2£35
TCAN 0.0+0.1 0.1£0.3 0.0£0.1
HANs DCAN 41%+4.0 3.1*£3.8 4.4%3.8
DBAN 0.4*04 0.6*£0.8 2724
Chloral hydrate 23.3£19.9 8.9+9.2 7.717.2
Total 141.3£77.1 74.6*167.0 87.3169.1
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Fig. 2. Distribution of DBPs in different disinfection methods at
swimming pool waters.
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Fig. 3. Composition of DBPs in different disinfection methods
at swimming pool waters.

=gl J7] R A9 g2 Asuel vs) R AL T
7 o @) i o2 - Ent Chloral hydrate 9] Z-$-
ArEU S5 E SollAe U2 A5FE Ho A o] Fo

FI9H &9 A (&FHoR Jart FAH uet

=



98

thlori ' il
o m%ll:u idetlzone
Electrolysis

Fig. 4. Distribution of THMs in 20th swimming pool waters

Fig. 5. Distribution of HAAs in 20th swimming pool waters
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Fig. 7. Distribution of CH in 20th swimming pool waters
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Table 7. Pearson Correlation coefficients between DBPs

CH DCAN DBAN CF BDCM DBCM DCAA TCAA
Chlorine 1
CH Chlorine —Ozone 1
Electrolysis 1
Chlorine 0.552"* 1
DCAN  Chlorine —Ozone 0.861%* 1
Electrolysis 0.920"* 1
Chlorine 0.102 0.251 1
DBAN Chlorine =Ozone —-0.018 0.098 1
Electrolysis 0.890** 0.685 1
Chlorine 0.446" 0.117 0.079 1
CF Chlorine =Ozone 0.441* 0.186 -0.275 1
Electrolysis 0.454 0.452 0.275 1
Chlorine -0.075 -0.218 -0.469* 0.186 1
BDCM Chlorine =Ozone 0.240 0.287 0.226 0.470* 1
Electrolysis 0.119 0.027 0.249 0.501 1
Chlorine 0.213 -0.027 -0.437* 0.251 0.823** 1
DBCM Chlorine =Ozone 0.282 0.305 0.357 0.247 0.455* 1
Electrolysis 0.033 -0.122 0.317 0.337 0.823%* 1
Chlorine 0514 0.326 0.549"*  0.462* -0016 0.138 1
DCAA  Chlorine —Ozone 0.646"* 0.481" 0.123 0.211 0.113 -0.269 1
Electrolysis 0.650 0.743*  0.401 0.877°" 0279 0.100 1
Chlorine 0.630"*  0.487" 0.378 0.545™ 0023 0.257 0.892%* 1
TCAA Chlorine—0zo 0.620%* 0.338 0.033 0.353 0.114 -0.193 0.910%* 1
Electrolysis 0.642 0.719 0.407 0.886™  0.304 0.122 0.998** 1
* Correlation is significant at the 0.05 level (2—tailed).
** Correlation is significant at the 0.01 level (2—tailed).
DCAA7} % ol& ¥ dagat g o= TCAAL  dfjoFst Ao 2 Alr Hrt,
DCAA A &2 W EHY daas 29449 49 =t
AaFPoz Qlsle] Hiututggo] 7722 TCAA ) ASUYHE ASEMS T JEtaA
DCAA A &2 et 2l & Al Hr SEEPHY AR RARE 7] A= Table 7.9 YetW
HANs = DCAN©| 5 o] 1] DBANo|] 45 HAEHH, vk &5FAHE 119 JuyAE 2Y HAAs 5 7H B2
HANs o] Z7] &3] WilolA tha A vebd 212 HANs o &2 TCAAE DCAASK= 25 Ih= A3tglo] &2 43t
Al daamAl {71 AEA 258 g s Eoll A 7h=EeliE A& Yetiiglen, CHEF Chloroform e thh 422 AMH
of H3| U E AL AR H ol e ehigict,
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et
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Table 8. Pearson Correlation coefficients of DBPs and other factors

59 olxul - d8s

free R ol Tubidiy  (MnO4 DOC CH HANS HAAs  THMs
chlorine comsumption
free R. chlorine 1
pH 0.506 1
Turbidity 0.058 0.029 1
KMnO4 comsumption  0.004 0.165 0.137
DOC 0.123 0.259 * 0.180 0.563** 1
Chloral hydrate 0.126 0.114 0.363** 0.430** 0.325%* 1
HANs 0.097 0.027 0.028 0.085 0.335%* 0.510%* 1
HAAs 0.347 0.426 ** 0.325%** 0.461** 0.632%* 0.433** 0.418** 1
THMs 0.301 0.176 0.334%* 0.621** 0.461%* 0.632%* 0.185  0.385xx** 1
* Correlation is significant at the 0.05 level (2—tailed).
*#* Correlation is significant at the 0.01 level (2—tailed).
100
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75 BSwimming pool water -
ugll 50 Wi
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LN - m : .
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H

Fig. 8. Comparison of DBPs with tap water
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Table 9. Swimming pool water standard of various nations

F9] SERabE 549 101

2 Al E)
A S et podol AUAKE RO R HHBEAA 5
Q9] F7hek FA folel T E welo] o2 717K 4
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Korea U.S.A Japan Germany
Coliform(/100mL) 827015t/ 10m L 574 ND ND ND
Total colonies(/mL) - 10 ol &} 200 ol &} 100 o1&t
Pseudomonas aeruginosa (/100mL) - ND - ND
Legionella(/100mL) - ND ND ND
Free residual chlorine(mga/L) 0.4~1.0 1.0~3.0 0.6~2.0 0.3~0.6
Combine residual chlorine (mg/L) - 1.0 - 0.2
pH 58~8.6 7.2~7.8 5.8~8.6 6.5~7.6
Trihalome thanes(mg/L) - 0.1 0.2 (as Cgl‘ggorm‘/
KMnO4 consumption(mg/L) 12 - 12 (KMhOs consu min ofadding wate)
Table 10. Number of excess German swimming pool water standard in CF
Chlorine Chlorine —Ozone Electrolysis
May August October May August October May August October
No. of samples 8 8 3 9 9 9 2 2 3
No. of excess standard 4 4 2 1 3 0 1 0 0
Percentage (%) 50 50 25 111 333 0 50 0 0
Table 11. Number of excess USA swimming pool water standard in THMs
Chlorine Chlorine —Ozone Electrolysis
May August October May August October May August October
No. of samples 8 8 8 9 9 9 2 2 3
No. of excess standard 0 0 0 0 0 0 0 0 0
Percentage (%) 0 0 0 0 0 0 0 0 0
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of e Th. 91F 5949 ChloroformB e Ao] ZEolob gk AzHecy, 3 4 g4y R A4
Poland 67.8 ug/L, Italy 63.7 ug/L, Germany 1 43.0 ug/L, o] At Qs B ArZAy 2070 =9 A=e] Hat
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