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Characteristics of Water Quality Parameters
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This study was carried out to investigate the characteristics of water quality parameters in the indoor swim-
ming pool water according to the type of disinfection. The method of disinfection has a on-site oxidant gen-
eration, sodium hypochlorite and artificial seawater electrolysis that the salt was put in the pool directly. The
on-site oxidant generation and sodium hypochlorite in the disinfectant contain high concentrations of bromate
and chlorate. The bromate and chlorate containing the disinfectant is the cause of detection in a swimming
pool. Maximum concentration of bromate in swimming pool waters was 1.365 mg/L at on-site oxidant gen-
eration and maximum concentration of chlorate was 36.00 mg/L at sodium hypochlorite. Therefore, to reduce
the concentration of bromate and chlorate in swimming pool water, it is necessary to use the disinfectant con-
taining the less quantity of bromate and chlorate and to exchange of swimming pool water frequently.
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Table 1. Information of indoor swimming pool
Disinfection method Swimming pool Pool size WxL(m)  Users/Day Water source of pool
SP-1 25%50 >2,000 Tap
On-site oxidant generation SP-2 1425 2,000 Tap
SP-3 22x25 <100 Tap
SP-4 5x15 <20 Tap
SP-5 12.4x25 400 Tap
SP-6 14x25 500~700 Tap
Sodium hypochlorite SP-7 14x25 700~1,000 Ground
SP-8 14x25 700~1,000 Tap
SP-9 14x25 500~1,000 Tap
Artificial seawater electrolysis SP-10 14x25 500~700 Tap
Table 2. Analytical conditions of bromate, chlorate and chloride
Items Bromate Chlorate Chloride
. 844UV/VIS Compact IC 850 Professional IC1 850 Professional IC1
Analytical Instrument (Metrohm? (Metrohm) (Metrohm)
Column Anion Metro A Supp Anion Metro A Supp Anion Metro A Supp
16 100/4.0 7 250/4.0 7 150/4.0
Sample Volume 1000 pL 20 pL 20 uL

100 mM H,SO0,+19.3 uM
ammonium heptamolybdate
Regeneration solution -

Eluent

Flow -
Temperature 45°C
Dectector UV/VIS (352 nm)
Reaction reagent PCR (KI)

3.5 mM Na,CO,4
100 mM H,SO,

3.5 mM Na,CO,4
100 mM H,SO,

0.7 mL/min 0.7 mL/min
45°C 45°C
Conductivity

Conductivity
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Table 3. Available chlorine content(%) in disinfectants
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Disinfectant Swimming pool Mean+SD Range

SP-1 0.47+0.10 0.37~0.60

On-site oxidant generation SP2 0.38£0.09 0-30~051
SP-3 0.47+0.08 0.40~0.60

SP-4 0.261+0.06 0.20~0.36

SP-5 8.71+1.47 7.13~10.40

SP-6 8.61+1.12 6.87~9.50

Sodium hypochlorite SP-7 9.64+0.55 9.10~10.50
SP-8 4.21+0.48 3.83~4.89

SP-9 5.67+0.21 5.43~6.00

700.0 4

600.0 -

500.0 1 ¥

400.0 A
(mg /L)
300.0 A

200.0 A

100.0 A

0.0

Br03_

>

A

Swimming pool

SP-1 SP-2 SP-3 SP-4 SP-5 SP-6 SP-7 SP-8 SP-9

Fig. 1. Concentration of bromate assuming the available chlorine content of 10%. (On-site oxidant generation: SP-1~SP-

4, Sodium hypochlorite: SP-5~SP-9)
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Swimming pool

Fig. 2. Concentration of bromate assuming the available chlorine content of 10%. (On-site oxidant generation: SP-1~SP-

4, Sodium hypochlorite: SP-5~SP-9)
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Table 4. Water quality of indoor swimming pool

Xé%ﬁo : 7\:]0}\

g I

ot

Items Turbidit KMnO, Residual
Disinfection pH (NTU)y Consumption Chlorine E. Coli
Method (mg/L) (mg/L)
Guidelines 5.8~8.6 <28 <12 0.400.2)~1.0 < 2EA
SP-1 6.740.13 0.12+0.09 0.89+0.57 0.59+0.22 Negative
On-site oxidant SP-2 7.240.37 0.30+0.18 0.91+0.52 0.5620.15 "
generation SP-3 7.140.25 0.1240.12 0.75+0.60 0.38+0.09 p
SP-4 7.310.33 0.110.10 1.0640.61 0.96+0.48 "
SP-5 7520.24 0.27+0.08 0.58+0.16 0.670.17 P
Sodi SP-6 6.940.30 0.12+0.11 0.7140.53 0.6340.33 "
ocum SP.7 7.4+0.37 0.30+0.26 0.58+0.20 0.44+0.14 )
hypochlorite
SP-8 7.040.33 0.24+0.13 0.66+0.24 0.86+0.10 p
SP-9 7.310.18 0.27+0.19 2.08+0.49 0.87+0.36 p
Atificial seawater qp 5 79409 036£0.70 1442054  0.85+0.13 .
Electrolysis
Average 7.2 0.22 1.0 0.68 -
Maximum 79 1.55 2.1 1.80 -
Minimum 6.4 0.01 0.3 0.24 -
2 AIARAL 2] g vls] T EES A, BEA s ARG A W] F9NA
Hlgo] oF7) A YL, SP97 A=HPE0] T e 4.2~1,365.0 pgl, Aol ERS FrsiA ARS-St
AFa A7 RS Hale] 974 SPAeIME o2 & We] FYAME 85.6~453.5 pglE AR
A5 R A7 A4 2= ot 25AE HER FEohe 2ol obd Qe
FFeae 024~1.80 mg/LolR, 53t s 71T W8y 982 32.8~54.1 pg/lelitk(Table 5).
o] FFoE thgwtro]l HAEE A5 U A7) AR vwshH FFgTA BN vEE
7+ & pH 5 Yl 352 797 275 233 ATl R Welo] 7P WA AL, Lt
A= FAARE, HREL] el F S 803 22 ARMAMANEFES Tl ARgske W, 2
< 103]7} 1.0 mgLs ZHsI=t, ol 7940 A dARdL o] 7MY 52 FEE A
A ZFALEES] S At HA Zot AFAle] k. vk FA AL W] 27 $97HSP-3, S4)°l
HYFde] o|FAA7 & she AL YeEFE A3 A EEA FE7F tE FIEET U A A
& Uk 2 T 2] MdE Aoz Y] 59 9]
|2 71 Aof ol&art Bt el vls| 9
322. F9ET] HEA 5 o] 5ol 2 & Wl glo] FRALL] Fde] A
BEAES AtV 100 79785 254 HEE Al dojuk &5A4 el AA FHEAAY 9A1H

Table 5. Concentration of bromate in indoor swimming pool water treated with different disinfection methods

Disinfection Method Swimming pool Mean+SD (ug/L) Range
SP-1 1,057.0+104.2 820.0~1,365.0
On-site oxidant SP-2 318.1+20.6 284.1~355.1
generation SP-3 36.3+8.8 21.9~43.6
SP-4 16.4+8.6 4.2~40.6
SP-5 213.4+12.0 151.0~453.5
SP-6 211.7+25.7 153.9~326.3
Sodium hypochlorite SP-7 236.4=71.0 58.3~359.7
SP-8 227.0+45.7 134.1~308.4
SP-9 100.8+14.5 85.6~119.1
Artificial seawater electrolysis SP-10 422+7.1 32.79~54.10
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Table 6. Concentration of chlorate in indoor swimming

Moz 107

A ERYoE e FIANZILE LEAE AR
3l A= 0.33~36.00 mg/LAoH, ol
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~36.21 mg/L ZAFEIAL, AF3F712al Wale] 4
JZl M 5.34~28.23 mg/LolAth.
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AlFol wE FESE HE5Se] FFo] o]FoH v =
e Aoz AR Aold A EFS s
ARgSHE WAl eI E A5Ale SR o|EVL
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AellMe A7k o]g7] wEol axAle] 5717
A sAu Aend 55 w3 ERdCIE A4S

N o of

pool water treated with different disinfection methods

Disinfection Method Swimming pool Mean+SD (mg/L) Range
SP-1 27.343.02 20.0~36.0
On-site oxidant generation SP-2 3.90.39 3.3~45
SP-3 1.840.36 14~23
SP-4 0.7+0.27 0.3~1.3
SP-5 24.242.23 20.5~30.6
SP-6 22.0+2.80 18.2~25.8
Sodium hypochlorite SP-7 31.6+4.55 25.3~36.2
SP-8 13.840.57 12.0~20.0
SP-9 5.7+0.46 4.4~9.0
Artificial seawater electrolysis SP-10 20.045.22 5.3~28.2
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Table 7. Concentration of chloride in indoor swimming pool water treated with different disinfection methods

Disinfection Method Swimming pool MeantSD (mg/L) Range

SP-1 2,248.51274.3 1,779.8~2,696.9

On-site oxidant generation SP-2 646.4+152.3 518.6~916.9

SP-3 98.2+18.1 60.4~116.6

SP-4 22.5+2.8 17.3~254

SP-5 360.5+40.8 326.0~440.7

SP-6 318.0+£78.1 114.6~447.9

Sodium hypochlorite Sp-7 454.8+15.8 427.0~480.7

SP-8 241.3£32.9 195.8~293.4

SP-9 297.3+26.2 264.3~337.1
Artificial seawater electrolysis SP-10 2,075.8+255.8 1,776.3~2,397.4

3,000.0 -
Cl-
2,500.0 -
2,000.0
(mg/L) *
1,500.0 -
1,000.0 -
500.0
0.0
(Month)
—@=SP—] =A=SP-2 ==SP-3 —*—SP—4 SP-5
et SP— 6 SP-7 SP-8 SP-9 SP-10

Fig. 3. Monthly variations of chloride in indoor swimming pool water treated with different disinfection methods.
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AdHA At B3] F£GFE FEANE F= At
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NPHES R glof 25PN Grol FEE
sl sk Ao At art vk
710]_@_
TUI=

=
Pasre] dole WAL Al Frvis)
F

Aksle] s QlEslar s 97991 SP10S &
Zeol o] 1,7763~2,397.4 mglL, $A=e] 7|7} A3
o] &7} 47} B & AAxAh WA £9% SP1e]
HolL FLE 1,779.8~2,6969 mgLE =4 H o]
SP-13 SP-10 79742] A9 & 88 w7]7] Alzehs
591 250 mg/LETE 7T~108] 02 A ZA T
Ak, o]8A; F7F AAY 77 Ak AR A A
H2lo] SP3, SP4E 17.3~116.6 mgLe® t&
Gl vlal] WA SR, ARz AA 2 SP-
2= 5186~916.9 mgL=E S =AUt Aol bEF
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Table 8. Correlation analysis of items in disinfectant and swimming pool water

Disinfectants

Swimming pool water

isinfection Meth I -
isinfection Method tems Bromate Chlorate Bromate Chlorate Chloride
Disinfectant Bromate 1.000 N ) ) )
Chlorate 0.600%** 1.000 - - -
On-site Bromate 0.733** 0.739** 1.000 - -
oxidant Swimmin Chlorate 0.649** 0.785%* 0.979** 1.000 -
generation £ Chloride 0.234 -0.082 0.991%* 0.967%* 1.000
pool water Residual
esicua - - 0.138 0.134 -0.136
chlorine
.. Bromate 1.000 - - - -
Disinfectant ) rate 0.452* 1.000 - - ;
Sodium Bromate 0.277 0.475% 1.000 - -
hypochlorite  Swimmin Chlorate 0.431* 0.545%* 0.504** 1.000 -
g Chloride 0.042 -0.087 0.118 0.659%* 1.000
pool water Residual
esidud ; - -0.203 -0.497 0.382*
chlorine

*$<0.05, **p<0.01
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