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Characteristics of Byproducts from Three Different Disinfection
Technologies Applied to Indoor Swimming Pool in Seoul

Man-ho Lee, Myung-jin Jun, Hong-je Kim, Seog-won Eom, and Han-young Choi*

Seoul Metropolitan Government Research Ingtitute of Public Health and Environment, Seoul, 427-070, Korea
*Shool of Human & Environmental Science, Eulji University, Seoungnam 461-713, Korea

Swimming pool water needs to be disinfected to keep swimmer from infection caused by water-born patho-
gens. However, use of chlorine and other disinfectants such as ozone and electrolytic disinfectant for dis-
infecting swimming pool water create new potential risks by producing by-products during the disinfection
process. This study was carried out to investigate the characteristics of formed in swimming pool water dis-
infection Three different disinfection technologies including chlorination, combined disinfection (ozone+chlo-
rine), and eectrolytic disinfection were applied and their DBPs were compared. The average concentrations
of total trinalomethans (TTHMS) of technologies were 37.49 ug/L for electrolytic disinfection, 16.41 pg/L for
chlorination and 7.37 ug/L for combined disinfection. The mgjor TTHM compound was chloroform and its
concentration was 16.41 ug/L (chlorination), 7.37 ug/L (combined disinfection) and 14.49 ug/L (electrolytic
disinfection). Bromodichloromethan (BDCM), Dibromochloromethan (DBCM) and Bromoform (BF) were
only detected in dectrolytic disinfection. The average concentrations of Haloacetic acids (HAAS) was 226.82
pg/L for chlorination, 170.71 pg/L for eectrolytic disinfection and 76.54 ug/L for combined disinfection.
About 85 percent of total DBPs was HAAs consisting of Trichloroacetic acid (TCAA) and Dichloroacetic acid
(DCAA). TCAA and DCAA accounted for 59% and 26% of total DBPs from chlorination, 53% and 30% from
combined disinfection, 54% and 19% from electrolytic disinfection respectively. Also TTHMs accounted for
16% of DBPs from electrolytic disinfection, 6% from chlorination and 8% from combined disinfection respec-
tively. Chloral hydrate (CH) and Haloacetonitriles (HANS) were not detected much : they were 6% and 2%
of DBPs from chlorination, 4% and 2% from combined disinfection and 4% and 4% from electrolytic dis-
infection, respectively. The compositions of DBPs were similar in Three different disinfection technologies, its

concentrations was related to organic matters.
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Table 1. Swimming pool water standards and treated water quality

Treated water quality (Disinfection types)

Items Standards - - —
chlorine ozone+chlorine electrolytic disinfectant
KMnO, (mg/L) <12 4.6+3.73 0.7+0.37 6.0+2.34
COD (mg/L) - 3.5+1.87 0.9+0.55 5.4+2.35
TOC (mg/L) - 2.3+1.50 0.7+0.46 3.2+1.01
Turbidity (NTU) <2.8 0.2+0.24 0.1+0.05 0.1+0.10
Residuals chlorine (mg/L) 0.4-1.0 0.7+0.33 0.5+0.28 0.6+0.24
pH 5.8-8.6 7.8+0.25 7.6+0.30 7.8+0.34
NOs-N - 2.4+1.08 4.0+0.95 5.5+2.75
ool AmARES] A FIRIAE] A Tfet ¢ xpo] W o] @A Fgtof| o5 wskd < Utk s
& 98l #71Ede AEA KMnOAMF, COD,  2532e] 49 THMs 40| 9ass, 9E0an
TOC(Total organic carbon)®} =, ZHFE 4, pH, 3 4UE olf+= &5 Al ARSS= &7 /8 B2
NOsN 52 #43isich. Fole@rydil @ Aoz wer). o P5e ut
g 798 d5e FREEA &58E £ B 1 kel EEol2e] oF 0.0646 g ] 1o
ol o3l f71E e AR ESS eEHWIA>Y v P Bol sl AUPe A% vEgsvkng
AP SANLERY $OR 2P ok o 023% THE] Yo, £F FFO| Wl BENT
R, ol 25yl weh 7188 A8k Aol THMsAS 4o 9] drkw wwst v gick,
o ojst 2oz et AR Bz, pH 5 o|s}st
4 g=e) Aol A9 gl RO hehgrh, 3.2 HAASHY U RE=y
AZHAEZ Haloacetic acids(HAAs)e F9) &=
3.2 ASWAIE THMsMA ¥ 2ESA Y] 5 AR/ BNOMF daAelurge] o8] A
FaALTTAEEA HEA 229 THMsS @8 AHe FAEAEA 25 9577F dA7Fs8hH,

49 S$2AXE3}5Eo|1, Trichloromethane(Chlo-
roform, CHCl;), Bromodichloromethane(BDCM,
CHBrCl,), Dibromochloromethane(DBCM, CHBr,Cl),
Bromoform(BE CHBr;) & 4%F7} 83k, o5

&gk 742l TTHMse| FaA %2 AR-H
FIAFE AREHE 552 TTHMsS 3~68 pg/
L3 25 pgll)e=2x A wet spdr)7t F47]
of Hlal dwkHog =& 5Ao] vk 9T &
=Ry THMs®| ZAPEAIS= Table 294 723, H+F
TTHMsE == HalAa512(3749 ug/l)>aats5w
21(16.41 pg/L)>2E3 HAHP2(7.37 ugl) <<
2 =913, =8 TTHMs PAAEZZA CFL 71 =
A vebststl, ol A ARdaet 710
i

Azt )3 Yo weHL,

gl [<]
i CFere @aimyao] 1641 uglos Q&3
ALY 737 pg/lt 254 14.49 gLy

t} =74 vebdth. BDCM, DBCM, BFS Hajiswt
Aot 22t 10.06 ug/L, 8.88 ug/L, 4.07 pg/le
2 Yehdth

THMsZA S 9%

0] 3,

USEPA= HAA S gk #8712 MCLyS A%
stal 2l HAAs2} §-2 Dichloroacetic acid, Tri-
chloroacetic acid(HAA,), Monobromoacetic acid, Di-

Table 2. THMs levels depending on disinfection types

Treated water quality (unit : ug/L)

. Ozone+ Electrolytic
1)
Item Chlorine chlorine® disinfectant®
Mean+SD Mean+SD Mean=+SD
Min~Max) (Min~Max) (Min~Max)
CF 16.41+12.43 7.37+5.89 14.49+10.74
(N.D~40.78) (N.D~21.24) (N.D~40.07)
10.06+8.67
BDCM N.D N.D (N.D~34.06)
8.88+7.35
DBCM N.D N.D (N.D~32.29)
4.07+4.75
BF N.D N.D (N.D~17.98)
16.41 = 1243 737 = 589 37.49+27.75
TTHMs ~ND-4078) (N.D~21.24) (N.D~118.64)

1) Number of Chlorine disinfection = 30
2) Number of Ozone disinfection = 30
3) Number of Electrolytic disinfection = 21
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bromoacetic acid(HAA,), Monochloroacetic acidS <]
u 3k, =udAl= HAA,Q! Dichloroacetic acid,
Trichloroacetic acid?+e g WA/ |EsL2 A5
3 k. FATHSE HAA2 F=olA Aol
o] WHOONA = S8l dig A8 AFXE 2zt
7} 50 ug/l, 200 pug/Le® At k2 B zA}
= HAAs=Z 9 32491 A7 NELS FHO
2 AWFFES] A5 BEEAXAPEAE Table
3o YepfIAT) ZF FAHEe] HasEEA] MCAAS
2.12~6.47 ngLE S AEHA T LA o]
= A9l gt daasA] DCAA H-sE+ 68.29
ugLe 2 HafjAEwre] 435 gl 23 J4H
A5 2658 pg/LEth =4 YERth TCAAE F4i
% 15641 pg/l, AsAEA 12073 pgl, QFELE
4769 pglolAom, HAAsE == ¢
226.82 ugL= 78 =43, As|las5wae 170.71
ug/ll, QEAEHAS 7654 pg/LEA] AEHAE S0
Aol pH % #7129 Aejas 5ol o
FAEA wE JFgoz A, T s
Al w2 S YERITL

=2 HAAsO| 78 FAEH tigh Adv&
< Fig. 1o Jepiich 2 Aol HAAse| HAE
A Fo TCAAZY 7P Beol Ad=em, HAA L
90%°)dS T3t 11 Fo] Axkel FAKET

MeaA AL FEES AR A 58 AHF,
25, B Ae] wigrAEolA HAAsEZ digh =
UEY A3elA HAAL(TCAA+DCAA)S] A%, A
e Hit 142 ug/LB.1~25.7 ugl), AslA 3
7+ 176 ugL(7.6~34.0 pgl), BRIl H+
20.6 pg/l(7.6~36.2 ugL)= ZARE vb AT} o]t

Table 3. HAAs levels depending on disinfection types
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Treated water quality (unit : pg/L)

. electrolytic
Item Chlorine Ozone disinfec};ant
Mean=SD Mean=+SD Mean=+SD
(Min~Max) (Min~Max) (Min~Max)
MCAA 2.12+3.52 2.27+343 6.47+16.68
(N.D~12.60) (N.D~10.000 (N.D~63.48)
DCAA 68.29+69.15  26.58+62.63  43.50+55.33
(14.06~246.00) (N.D~318.90) (1.51~281.91)
TCAA 156.41+180.93 47.69+138.78 120.73+149.49
(19.71~635.98) (1.30~724.70) (1.00~679.48)
HAAs 226.82+239.74 76.54+201.25 170.71+200.35

(35.20~759.70) (4.96~1048.80) (4.10~961.54)
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Fig. 1. Composition of HAAs formation by disinfection
types.

HE o $£97449 HAAE =93 o Hls)
4119 A 7 AEERE, ole $985)
AFYLF, F7182 A5 wE +
23} w5 283l AE 7B A E
A% Aoz FHHT e o
HAAs 60 pgLl®3 = Fd7|%
puglEth £ FA5 Yep 79
o tigh tjlo] FEojof & Zlog

bt

oN ﬁf I
N >
ngrzﬂﬂﬂj§§>
¥ b N
e
ShEes
oA =
RSP

FHol Fo3 5= THMsS H|R38,
HAAs, HANs, CH 5©] 71 ] Haloacetalde-
hydes, Haloketones & = Sl *xgsle= 223 &
S12)e] w2l DBPse] A5/ it
Froll gk s ARl xRl THMS,
HAAs, HANs, CH #x4]&2] A4S Fig. 29 YE}
WAtk ol2fg ) AEEsRlE Foll A5k
TEES HAAsOl 76~85%= 7P =2 &
Attt 53] HAAsT TCAA, DCAAS 747}
2ENAME 69%, 30%, LEALTANNE 62%, 35%,
s 2olA 71%, 25%% SEEAE EEEA
sh= A¢l e Aeg ekttt

THMs®| 9= dsasdao] 16%=2 dids
6%, L% 8%l vial =2 WS AAsIh A
Ha=121e] THMs AAdRE&o] B 25320 Bis)
=2 Z1& Table 29} 7ol EEX3F THMse| 5713t
HEA, o - = - AVNE ARt AEAIE AN
k= Aolx mdol E3HeE HFol2(Br)el oI

w9 tlo

3 O

{1

Ol

i



272 oiks - AFA - PEA - QY - H3S
HA THMse= 3Eso] A5FAHEZe] THMse| gtz
6% 2 A2 H|ES xR "ot g s AR
Hedtroficdisinfection Ty te% OHAN | ske el 509 pH, £7129] 54 52 =99
4% #A540] WalsEe ® ohle, HAAsS THMs:
g% OTSL o ojikmo 2 wheesh we Al o Aoz @
Qrone+Chlorine % naH o=}
4 S CH, HANs®] 79 Q2iZolA] 6%, 205 QE2%
. 3% MNE 4%, 2% HABNEZPHANNE 4%, 4%= o5
Chiorine Tye”o o, WA o] tieh AERAZS] APEA o
&% 7} A9l 913, UE AERAE v vl He B
Fig. 2. Composition of DBPs formation by disinfection 2o Yepygh
opes. ol AERALZO] 77t B FANES AR,
THMs®] tht2 CFo] xAlstlewn, CH, HANs
Yoz AGEU B AEFA gt BEXE  AUFoE U g A4EFE ¥ ol Y&l
THMs®] ¥shk= Ao YehtA] gt Hadsy, QEAE AiLS5y2or Ao Y3
ole} THBt MEA| FERES ISR A5 UEkth
B AAEHNE 248 Y B9 dAFols THMso
HAAs(DCAA+TCAA)°] 80% o1& E33Hx, A 3.4 FEQIXte} A=RMSUHMo| AR
A APEALL AgdA 4 42.0%, 40.9%, 27 A5 FPAEre] FEJIAEY ASFLE
42.9%, 404%, =T 434%, 389%= F EZo] & ZH| AAIAE v|wEtauA; BAZZ 1R SPSS
A2 8=EE B)ES eIt Emd ) FAel Win ver 102 o] 83 2 A7E Table 49 el
3k AW Fo] AfelM= THMs B4%=7 HAAs it
o] 1.OTHHE M2 H|s=3t E¥H|eR 7ASd Zleg U 2 AFeX daimo] 49 DBPse KMnO4H]
EFtTE %, COD, TOC, A AAo} <Fo] dado] U=
2y 79789 HAAse THMsel M3l 493s] o= yeiylth e&ydise] %9 CH= KMnO,
=2 HEE AFEE AoZ YT ol#et Aol &M, COD, TOCS el A=3AIE Yelia, s
FRAT] AaTdHg AL F04~09 mgle]  A25E2A THMsS KMnOAM %+ CH= KMnO,
FEEAF(0.3~05 mgL) Hr} =3, THMse] diF  AH|E, TOCS 723 4o dAAAE Yepstt. o

ES 2X5k= CFY] Aelda7t AX 371se= 3
Hoaxn FFoA AAYEE wE HAAs 59

o

AF2HE £ §71E9 78R %el KMI’IO45\_H]
ol & w, £94e] CH, THMs 5§ £554H2

3

ol

DCAA= 3ot ol oz Zafi7F & =R &3 % 9 PSS S7H7Ie AL IR + AUt 9%
S A aEel Qow et th 6 & §o) Fo $ESYAESTH THMse] A2 g 2
Fgre =R A&HoR it FUEHs B 10 52 KMnO&H|H} THMsAA S A4+
HAASE 240l 2ol s&Hol F7hsle wd ol /M wvhe Raske dA&g
Table 4. Pearson Correlation coefficients of DBPs and other factors depending on disinfection types
I chlorination ozonation + chlorination electrolytic disinfection
tem

HAAs HANs CH THMs DBPS HAAs HANs CH THMs DBPS HAAs HANs CH THMs DBPS
KMnO, 0468° 0615 0816~ 0334 0479 -013 0292 0672 0241 -0.114 0216 0668~ 0896~ 0416 0.306
COD 0520 0585 0.723™ 0355 0.528™ -0205 0.6387 0.401° 0165 -0201 0061 0.063 -0259 0157 0.071
Turbidity 0.338  0.482" 0461° 0193 0342 015 -0331 0.103 -0015 0.151 022 -0253 0202 -0.200 0.181
NO,N 0622 07617 0.783"™ 0559™ 0.658™ -018 03 0329 0364 -0.164 -0.324 -0484" -0519" -0.213 -0.364
TOC 0.674™ 0559 0.765" 0572 0696 0.117 0332 0527 028 0136 0154 03 0.704” 0323 0219

* p<0.05, ** p< 0.01.
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