Improvement strategy of water quality in indoor swimming pool
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Abstract

Swimming pools are used for recreational, rehabilitation purposes and physical activity and

therefore it is imperative that the water are maintained at safe levels to protect the health of
bathers. Chlorine has been widely used for this purpose, usually by addition in the solid from or
liquid form. An important drawback of chlorination is the formation of disinfection by-products
(DBPs), some of which represent threats to human health. This study investigated the variability
and toxicity of DBPs in relation to chlorination of swimming pool water over a period of one year
in Incheon area. The significant correlations was obtained between DBPs and other water quality
factors such as combined residual chlorine and KMnO, consumption. There was significant
variability in DBPs levels in pools supplied by the same municipal drinking water network,
suggesting that both individual pool characteristics and management strategies play a major role
in DBP formation. The toxicity result showed that chronic daily index (CR) for CF, BDCM and
DBCM was detected not hazardous.
Survey result showed that specific care should be taken to assure cleanliness of water quality and
circulation through media filters to reduce levels of various contaminants. In conclusion, the
control of volatile DBPs in pools and reasonal free chlorine usage are needed to protect
swimmers from elevated exposures of harmful compounds.
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Table 1. Analytical items and method.

Water parameter Analytical method

pH Electrode
Turbidity Nephelometric method
KMnO, consumption Titration
TOC TOC Analyzer
Free residual
chlorine DPD
THMs P&T-GC-MS
HAAs
CH GC(ECD)
HANs

m A+23 9 3%

31 I8 +AER

(Fig. DAl A Hi= ne} o] Huf =473
F 2BV) ANEE UdeR FAEY A 3
#E=E pH 7.6 (6.4~84), €% 0.35 NTU
(0.06~0.95)5 viERta, KMnO, ZMlF 2.3
mg/L (0.3~79.7), freElZFH4 0.71 mg/l (&
AE~9.30)2 =AU
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AHgEE FEdRdEAE 39RE FEI S
7bsitk 119749 4axE Rtk pHE 2
WHE wEshe Zhed 11del 7 =3ta,
BEe dAsH wddA TeE daAE

o] o zttk.
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Fig. 1. Average water quality concentrations of swimming pools in Incheon.
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Table 2. List of investigated compounds and chemical structure.

Items Structural LD50 Cancer
Formula (mg/kg) Classification

Chloroform (CF) CHCl; 2,000 B2

THMs Bromodichloromethane (BDCM) CHBrCl, 900 B2
Dibromochloromethane (DBCM) CHBr,Cl 1,200 C

Bromoform (BF) CHBr3 1.400 B2
Monochloroacetic acid (MCAA) CICH,COOH 76 -
Monobromoacetic acid (MBAA) BrCH,;COOH 100 -

HAAs Dichloroacetic acid (DCAA) Cl,CH,COOH 2,820 B2
Trichloroacetic acid (TCAA) Cl3CH,COOH 400 C
Dibromoacetic acid (DBAA) Br,CH,COOH - -
Dichloroacetonitrile (DCAN) CoHCIN 245 -

HANSs Trichloroaceticnitrile (TCAN) CoCIsN 245 C
Dibromoacetonirile (DBAN) CoHBr N 2415 C

CH Chloral hydrate ClsCCH(OH), 479 C
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Fig. 2. The average concentration of different categories of DBPs by month.
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Fig. 3. Pie chart of the ratio of different DBPs by month.
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Fig. 4. Pie chart of the ratio of THMs by month.
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50 %, 9¢€ 60 %, 11€9 74 %= HdHtx o= F =2
ZHAE BEQl Wi, + WA E %2 BDCM 20 g AERAEE sz BEAAET
% ~ 30 %, DBCM 16 % ~ 26 %2 &% & X THMs-HAAs(0.233*%), CH-HAAs(0.491*%),
Aot HCHO-CH(0.710**), THMs-CH(0.293**) S °.&

F2 AHAEE Bt ASHEAE AP F
33 TAEA &&3 FHAEAL Y 4 8 Id¥IA= 7 AUIEE s= 54,

331 F8 FAJAL a4 4 A5A T/, FAEFH /I pH, & F

(Table oAM= B4 FFo AU o] aclo] oy 11 FoA F7IEdY =&
F AVE, AEFdas A4S A S EAo] AsRAES A M B
HeE BAFa ot AFFAE AAISF  FFES vXe ZeE HauEi JUTKHP
AR FHALF 2n S HCHOWO.7787)  Kim et al, 2002; S.J Judd et al., 2003).



Table 3. Pearson correlation coefficients of water quality parameter.

Parameter cOrIst\fr%%ﬁon HAAs THMs CH | HCHO | DBAN | (Smbined
COIIfSI:J/[Il;llOp%iOH 1.000

HAAs 0.023 1.000

THMs 0.255 0.223" 1.000

CH 0.105 0.491" 0.293" 1.000

HCHO 0.778" -0.034 0.002 | 0.710" 1.000

DBAN 0.260 -0.051 0.221 | 0.036 | -0.094 | 1.000

Combined 0.555" 0111 | 0322" | 0325" | 0191 | -0.054 1.000
Chlorine

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
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Fig. 5. Swimming pool pattern from cluster analysis for five water quality parameters.
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Fig. 6. Comparison of water quality of high area (left) and lowe area (right) by swimming pool users.
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TI x4 THMs ARE ] &3t Az o} kA E kS (Table 4ol ved

A FAE HEeE AT ¥ IF AEE UL, A =EF HUHE AT MRS
3 QAA S HIHE ""\lﬂ o A O3 2ok F#AF 69.2 kg, 9
A Bk v e AS =EW Tl A o7 ooy B &2 06 L/Y, ¥
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Table 4. Reference dose (RfD) and slope factor (SF) for disinfection by-products.

Reference dose Slope factor
mg/kg/day (mg/kg/day)™
Parameter
oral dermal inhalation oral dermal inhalation
CF 100 x 10* 100 x 102 | 300 x10° | 610 x 10° | 306 x 10® | 810 x 10°
BDCM 200 x 10° 200 x 10? - 620 x 107 | 633 x 10° -
DBCM 200 x 10? 200 x 107 - 840 x 107 014 -
BF 200 x 107 200 x 10? ) 70 x10° | 132 x 10° -
25 ;o] T, AW A2E, 171-178, =37 B85 %](2006)
Source : http://rais.ornl.gov/cgi-bin/tox/TOX_select?select
Table 5. Risk assessment results of disinfection by-products.
Parameter CF BDCM DBCM
HI -6 -9 -9
(total lifetime hazard index) 2.00 x 10 3.00 x 10 3.00 x 10
CR -9 -9 -10
(life time carcinogenic risk) 4.00 <10 1.00 %10 3.00 x 10
CDI ingestion 2.00 x 10710 6.00 x 107" 6.00 x 107
(Chronic daily intake) inhalation 5.00 x 108 1.00 x 107 3.00 x 10°
(Table DollA & = Axo], =+ o B T T o8 THMs <fol F7ighe &
FabE flsld Brbas, CF, BDCM, DBCM & Aok =3 7o) ez e, 574
woz  mpEbesAHDE  2x10°, 3x107°, = aEla 97 AR we Ao
3x1070.2 0BTt Yol =& a3t ¥kn Al FFEE THMs o] =olzh wioh A
ok =(CR) 9 A 4x107°, 1x107°, 3x100e. I ASASZAHIE Qe F£H9AF7 S
2 10°80 ol B 9siskA % Zlow 8 Aol ARE w9le] o] 2R AmRAL
LheRsket g9 =237 WobAw itk wekA 9
TF9 Bo AZoF WA= THMs= A 59 THMsS HIZ3 ASHAHE WA o
FGATI BESE 2o BRIV Asl 0@ AT 2 olek BAD A4 Whe F
=49 THMs 557} oA o2 Usf {3k ouE zt=th
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Fig. 7. Survey result (1) on the facility by swimming pool users.
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2. THMs #+A8A R Bz 32 A Azl F2E2IE
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