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51311306 : MAJOR : ENVIRONMENTAL SCIENCE
KEY WORDS : SWIMMING POOL/CHLORINATION/CHLORINE BY-PRODUCT/
TRIHALOMETHANE
THARATHIP RODWINIJ : DISTRIBUTION OF TRIHALOMETHANES IN
CHLORINATED SWIMMING POOLS. THESIS ADVISOR : ASST.PROF. MALLIKA
PANYAKAPO, Ph.D. 104 pp.

The objective of this research was to investigate the concentrations of trihalomethanes
in chlorinated swimming pools in Bangkok area from May 2007 to February 2008. Water and air
samples from 3 types of swimming pools: an indoor, a semi-indoor and an outdoor, were collected
during winter, summer, and rainy seasons, as according to Thai Meteorological Department’s
guideline.

The results showed that the concentrations of total trihalomethane (TTHM) in water at
all swimming pools were in the range of 13.47-65.47 ug/L. The highest concentration was found at
the semi-indoor swimming pool. The highest dissolved organic carbon (DOC) concentration in
water found at the indoor swimming pool was 10.72 mg/L. TTHM concentrations in air from all
swimming pools were in the range of ND-490.5 pug/m®, which the highest concentration was found at
the indoor swimming pool. Concentrations of TTHM in the water and air were in the same ranges of
the swimming pool in other countries reported in many research papers. The water sampled at all
swimming pools contained TTHM concentrations below the standards of the World Health
Organization (WHO).

The results showed the difference of DOC and TTHM concentrations in water among 3
types of the swimming pools. Moreover, seasonal variations of DOC and TTHM concentrations
were also found in all swimming pool types. The descend order of TTHM concentrations in air was
indoor, semi-indoor and outdoor swimming pool, respectively.

Significant correlations among parameters in water were found, i.e., between DOC-
TTHM and specific ultraviolet absorbent (SUVA)-TTHM in indoor and outdoor swimming pools,
DOC-UV-254 in indoor and semi-indoor swimming pools, chlorine residue-TTHM in outdoor
swimming pool. Therefore, it can be concluded that organic matter and chlorine residue are the main
factors of THM formation. The correlation between TTHM concentration in air at water surface level
and at 150 cm height above water surface of outdoor swimming pool was less than that of indoor
swimming pool. Significant correlation between TTHM concentration in air at 150 cm height above
water surface and temperature was only found at outdoor swimming pool.
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Nitrate Mlgnseunailuansngu nitrosamines

< ~ o Y . d? A ) Y =
IHANUAZLNNIUET ‘Vl’lﬁl,ﬂ chlorine demand ’(Z,Néllu Lu@ﬂﬂ?ﬂgﬂ@@ﬂcﬁqﬂcﬁﬂﬂﬂﬂﬁﬂiu

pH Uwado3luuvvenaeIu

N1 : Waan (2549)

k4 | & Y =
2.2 MIANADINMIAN T IAAIBAADIU
A A o 2 =R d ' v A Y A A a ¥
FaNAIIMIIDATUBI1ININIINMINUFD TIAAIBAADTUADNINATITANAI
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v Y
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a S Y ] 1 Y
2) M13ANANLLANA150UUNTE (inorganic by-products) A29E19UDIEITNGNT

Y a Ia I 9
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a15anA19521AN  halogenated  organic  by-products  UNFHAXIHAAD
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MIANAI

ANEMNYDININONLISS

Chloroform

B

Bromodichloromethane

Dibromochloromethane

Bromoform

W Q| w

Monochloroacetic acid

Dichloroacetic acid

oe]

Trichloroacetic acid

Dibromoacetonitrile

Trichloroacetronitrile

2- Chlorophenol

2,4- Dichlorophenol

2,4,6- Trichlorophenol

Chlorate

Chlorite

Bromate

Chlorine Dioxide

Hypochlorouse Acid

Hopochlorite Ion

Monochhloramine

Ammonia

Formaldehyde

1,1 - Dichloropropanone

1,1,1 - Trichloropropanone

Chloropicrin

Chloral Hydrate

Cyanogen Chloride

E4
WINoe AnenmueInInouzFaiidail

JEAU A
52AU B
52AU C
32AU D

111 : US-EPA (1999)
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4 4
v A

1 Yy =® = a Y 9 .
muﬂizmﬁmm"lﬂumiﬁﬂy1mﬂ‘immmmmmumiﬂizﬂﬁm chlorine  by-

Y v
products 11111521 Autaasluaisen 3

1 Y
M35199 3 ANUYNYUVDIa15UTEABY Chlorine by products 111521 1o sz maniag

AURVEIBENY ¥iinvea THMs ANVNVY (ng/L) 19NA501994
Ankara , Turkey Total THMs 25-110 Tokmak et al.
(2004)
Hanoi , Vietnam CHCI, <0.3-11 Duong et al.(2003)
CHCLBr 0.5-7.3
CHCIBr, 0.3-22.3
CHBr, 12-18.5
Malasia Abdullah et al.
- Tampin district Total THMs 18.59-68.82 (2003)
- Sabak Bernam Total THMs 54.64-89.83
district
Canada Total THMs 14-141 Serodes et al.
(2003)
mennauasuasilgy CHCI, 6.72-29.19 WaanazHens
CHCLBr 1.12-11.75 (2550)
CHCIBr, 0.63-3.35
CHBr, 0.08-3.40
Total THMs 12.70-41.74
China CHCI3 ND-44.91 Ye et al. (2009)
CHCI2Br ND-32.61
CHCIBr2 ND-18.48
CHB13 ND-4.54
Total THMs ND-92.77
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2.3 M3 lasaladimu
=\ = o Aaaa = 1 =1 a [ a =4
a5 lase TatimumannmsnilgasemaaiiszninaaeiuddsznuaITouns g
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sssumalnd nadluansdszneua Tanuniimsueu 1 anlluesdlsznoy Tgasnalal
flo CHX, Iaodundsves X snlimsunuidie Wgeesu (F) leTedu ()  aasiu (CD
=\ = 1 dy @ [ 1 d‘ g' = a 9 1
Tusiiu Br)  wiemamarinndsiuiy  asnquinuinnluinlseah & 4 vida 1dun
4 IS .
Aao 15Ny (Chloroform , CHCL,) TusTulanas Istimuy (Bromodichloromethane , CHC1,Br)
~ . 7
TaTus Tuaas Tsiimu (Dibromochloromethane , CHCIBr,) wag Tus Iuvlesy (Bromoform ,
CHBr,) A4135197 4
= g’ a aaa U a2 A 1Y a =4
a5 lasa Talimulininlszluiannlgnserszninnassudaszfua1sounso

Y v 4
535MA Il U nsadaln waznsailadn Tasdfnseniinatiudmnsodon ldaeaunis

ao 'l

Organic + Free Chlorine + (Br or C1 ) ——» THMs + Other By Product
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M3 4 gaslaseadeansngu laserTalimu

sunuvuaslase Tatimu gasmaall Taseademand
Cl
Aan15W9353 (Chloroform) CHC, 1 — Cl — H
1
cl
TusTulanas I5iimy CHCLBr |
(1 C — H
(Bromodichloromethane) |
Er
Cl
lalus Tunas Tsvlosu |
CHCIB, Br— ¢ — g
(Dibromochloroform) |
Er
Br
CHB |
IUiINW@%ﬂJ(Bromoform) g BY — (" — H
Er

1 2 g5 (2546)

2.3.1 anuiluduasgvesaslansanlarmu
Y
a 4 [ 4 o [ a
Tagnauypdaz lasunae Isvesuldninems ema uazi Taeldsuesiu
a csy a ' Y & a ~ = Y & 1 Y
siatinn  vinahnrazsestestuiluusnuimsansogngadulan  Feezdawald
1 v Y a = = 3 9 =~ 1
Uszendiunanssnianas naemsiiu audsdiuenaan’ld uazlinadeguninluszezen
A a1 W o q ¥a < 9y o o o s v P
ao Wunwaedu la uazmiinanzi5a1d uenanaziaeetorznanatiudl aaslsosu
v A A Y @ o 9 (BN 9 [XY] 1 = I~
dainueantalumsazare1aalulvduim ldeansounsiusndrgason ERGREISIAT]
o ' P4 o o ' J o Y a A
duaTIgnoMInluassn  nmMInaasdludainaasanunnae Isnesuiilvinanmsalasy
4 ] ad
Taseadsdudues lanazailSudae
Capece (1998) na1I 11 uenanmMssue1as lasarlatimudinathn vayszuy

4 ~ o Y 1 Aa v a9 = =<
14181%!,161’3 fm”lmaﬂaumummmsamqinmﬂvmmwmeﬂmﬂ “D’Qmﬂﬂﬁﬂﬂlnlﬂu
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a o ' A :} o o o ~ [ =\ 1
reFeau wunauiehalednindunal 10 i aunsosueras lase Tatimudigni
' Y "o A J Ax = Y 9
s1eme lannmnumsauini lasa Talimudald 5 una

J awv o < 1 a
Brodtmann et al. (1979) ldnanfesieaunsitevesan1niuugis wnemna
@ a 4 v o J 4 [ 4 a
UszmstanSgowsn enaaesnudainanes e vy eldsuaasIswesud luludsum
Y 3 [ L4 %
90 1ay 180 mg/kg vourymGdidunar 78 dlai uaglunyduiieo 125 1ag 250 mg/kg W04
v A o 4 Y =2 Y 1w v 9 Y Id 1
yaudely 22 dilaiusn uardeldmdunydagaunsy 111 dlamt wamsnaaeanyn
) 9 o dy Ao o Y a < A 3 o '
aae lsesumlvimyihuiiosennduuazannsomlinauzSdluryinaass  Mdawun
J S Y '
a1s)szneuTus Tulalasaisuen (Bromo Hydrocarbon) 1lu8UAT I8RO0 (Gene) UDANY
I Y] ~ o o Y a dy Ao
Taatludnniienini linaiiownnay 1aznIsMIZeINITVoINY
lumsAnymainamisibvedlalus Tunas Tslimu (Dibromochloromethane)
wuniidsum LD, 9ldainmanaaesiuny (Swiss ICR Mice) HAMMIAY 1200 mg/kg
) o Y= o o o 9 (XY 1 =\ 3 a A o
dmisunydniie 1az 800 me/kg dmiunuaId uads limelswaumaitiuisluau e
o A Yo = 1A ~
mMsFugasemryiaiennms lasuaswveslalusTuaaslslimu  wunlimsnlasuulas
dy d‘ d‘w = o/ o a A 1 1
youdowonduuazla  Taslimsazavveslviiuluduuaziitessenlula  ualinums

[ 9 v v

nasunlasluilomoriindu
a A 4 @ 4 1 {
msinaiuveelus luwesy (Bromoform) vendtenunaslswesy Tasiia1 LD, 7
Y
o [Nl @ o (%
1,820 mgkg lumsnaassialus luvesuldyesiowesrydad S 6 ase lunal 2
[ o A 4 o 1
dlamt nyazisuliomsillo 10 mgkg nazminaassdnzmeInuualyluslulanaeTs-
=\ a d' 9 J A
tnu Usunainuldgeganouuanieims Ae 100 mg/ke
1IN NUAVLATIUMITUNIAZOUUNINA  (2527) 919lageuIINEN (2546) 1@
swIwHaMsAnE MRy Inewesdsngn lasenTatimu uazivauslumsdunuisos
Trihalomethane in Drinking Water in Bangkok tropolitan Area ioRouns NIAN 2527 &
' = o A a 4 a d‘y A ' A o a
PN IMIRIUNAUIINANINAaD TavlesuaziAavuNTz UVl daunduvzinams
1 Y 1 [
azauinluiu  vazmaiedomediu  diun lasglimsidonioveanodudes (Convolated
Tubules) taziimsnlasunilastoyvesla
= 9 a = = A [ a a 1 4
MIANEIAUIZINAINGT  IMsAnyIReInUMSIAaasiy  djilinaslsvesy

3 ' < v Jo A A o Yy ¥ A A
L’]JLl'fﬂLﬁﬂﬂﬂmgﬁﬂiuﬁﬁflﬂﬂwﬂxﬁﬁ’EJ‘Vi1a.liV]V]ﬂaﬂﬂiuigﬂﬂﬂQTNWN‘UHﬂﬁﬂ Lummﬂgﬂu‘uu

E1)

9
Y J

=2 . v I 9 Y o Y
N3 LN@HI‘U@%’N (Metabolism Pattern) Gluﬁ@')llﬂa’]flﬂ‘ﬂ(li‘mu muummmﬂmﬂﬂm
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4 a o =2 A o
Kuzma et al. (1977) 911ag dussdN (2546)  smsanu1ly 88 11U039U095y
1 1 g’ { a :1 o a 4
Tolalo Tasdennquamiszinnvesithnldwdainlszih wazdimsinsziuuy Step
1w < < <
Analysis  WUIBATINIANNNNLITINTEMNIZIMIT  wzsanszmnzilaaie  uazuzisan
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Y 4
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a A [ Jq Y9 1 = = Aav '
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avherh luasnihnunieg lweseg Idsveans lase TalmuluilSinamnds 141 miuile
= 1Y g’ o v A ~ 91::‘ 1 g’ =) 1 =
meunumseninlszihanindauiies 10 wntezgnasneiilemagagumsnivaly
a (] a % A Q' A [ = g’ 9 [ 3 d’
Fiamun A ogaaunau loszmenseovazsunnmsnawmininly aniuiveny
[ 9Jq 9 1 oy [ = 9 ] [ o Y
Vavassvesdldasz Neth ludinguisveTimitenuan q vessylatinsasiaguninves

! oy I ¥ A o @ wva
ﬁimwuﬂﬁulﬂmummgmﬂﬂmuﬂ ('Uﬂulﬂluﬂ, 2547)

o A a v v A v a
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[ a U a -4
HYadeninalumsinaansisenon chlorine  by-products  l@uA  @139uUN3E

a oala A = a gJ a = d‘a d! 09/
F550A Ay Tm”lmaaau DY LaggUrHUUBIUI USuaunaesunay s ludse

v
v 9

Y Y Y Y
etz lsilszduinihdsdunazimsanse lsaaeaass wsuaeituszuuilszalh - Tu
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Haznannetlavend WYUANU
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1) @150UNIEITITUHIA (Natural organic matter , NOM) Jusinau
a ~ Ad o o o Aa ' a .

gsounsasssunaluilatendnninanemsinaa1slsenoy  chlorine by-

a o a oy I 1 a a .
products  @150UNTOFITUIA I N UVBINANTETHINA15U52NOVEINN (humic substances)
Falsznoudlensadliinuaznsailain wazensn hileesisznouaiin  (non-humic
a 1] 4 1 Aa a 1 q‘; 3} [ 3’
material) 91NMIATINONAITVOITesA (2545) wu msgaiintiegna luluiwezurai
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Y F4 Y 1
urahlusssunanalbhdeses luwmaynsiiasdlinegiszainaiosas 50 Feensdaiin
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tivzaglugilvosasdunidnazarnirld

Kim and Yu (2005) 5189013 T ludalszmnaminludemsonialy
a =4 :j | a a £ 4 ldqu’ .
amvesasdunsdazanintluasszneudiinguiluars LT (hydrophobic)
a a a IR { (Y 1 o
Taseasrunsagalinuaznsailadn luiduinswnida GRIRREGTY
9 o A 3 a dg‘ ' < Y a a
Taseadennmsinneriomsaeauuaguan - ednlsimwmeagillaiinsadilinuaznsa
s { a ' v @ v
fladniiulnssadreiiizumave: Tandnnnuaziingilsduiananidy -COOH uaz —OH
dyw <3| 1 T Y 1 @ '
wenantdernilunqueaieg 1dun -0- -(CH2), - -NH- -N- (Stevenson, 1994) #7081

Taseadansadrinuazniailadn LaaIRINING 4
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1
o —c cooH
o & % !
C 5 Cx Sy
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XX v
]
c-|—0c, (o Cs Cs C,—|-0C - CHy\, A
Q Cx
: erxau coo-
-] c—1Jlo coo-
= | o+ 1l Coo
[ NIASINN <.

nsanain

AN 4 fednalassadansadiinuaznsailain

111 : Stevenson (1994)
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Trussell and Umphres (1978) Ididuegduuulaseadreluanaves

a a = 9 1 =\ a A A
Z‘T1§']J5$ﬂ@‘]JE’I'J$Jﬂ %Qﬂiﬁﬂ@ﬂﬂ]ﬂﬂ@ﬂﬂlﬁ]ﬂ Polyhetero Condensate mimaqammmseumw
o Y A do 1 & a Y 1 . . .
mumauiﬂﬂwgﬂm%umm gueenwA  laun Carboxyl Phenolic Alcoholic Ketonic

H ] J v 1 Y 1 091
Quinonoid 1@z Methoxyl —aduaaslumwi 5 wylanFuratiinadonsaza1e1ives

Aa a I 1 { a o Aaaa a
@151s52nouaNn LLﬁ%LﬂUﬁQUﬁﬂﬁﬂéuﬂﬁi$ﬂ$ﬂ1ﬂ1ﬂ§]ﬂ581‘ﬂulﬂﬂﬁ1§ THMs

Polyhetero Condensate

Of Organin Moieties

O:\CH/C:O

AR 5 Tnseadeedadigvesansdsznoudiun

117 : Trussell and Umphres (1978)

Rook (1977) 9191ag ouUITHE (2546) WUINWNAATONTOL I5U1ANTI
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Y
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a g ) s a o &g !
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WuIBYeInIagIinuaznsailadniiny  nsagaunzii lminanas Tsvesululsuagani
nsa fladn
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Joyce et al. (1984) fink17a luanavedd1saruninanenisinanas 1swasy
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Rook (1974) 919 1AgoUT TN (2546) Glfblﬁlﬁuil”lﬁ"lﬁﬂqu THMs ¢inavY

v A [ a =~ g/ A Aa a =4 a 1 [ YA v A
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UgnseriunassulunszuaumsdSulgenuaminiendainlszih  wazlivSuannyla

I ] Q 1 o 1A
duniie witaludwai (ulasnsuaeans)
a -4 a 3} a 4 a g1
AMIOUNTIFIIUMAIUIN  (NOM)  eNINTDAATITHAIINITITABTA19)
1 a 4 4 Qs// a 4 o g}
1éun a139unIdasueunanua (Total organic carbon, TOC) @139UNIIMTVBUAZA1EMN

1 $ I [ 1 4
(Dissolved organic carbon, DOC) 1 UV - 254 gailumsiamsaanauuasnnnueninau

U dy [ 9 a = J a A A [] =
253.7 nm MHLEAIENEUE IASIAS19VDIETOUNTE  d150UNTD mmﬂimaqaﬂlﬁtyuaw
v Y
= 1

1 a . a o
dalsznovvesez IsunAnuinizganauuds UV fianwdil ldaniensdunsdniivina
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A oya I U @ o w { 1 a 1 Y
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A o 1 d” d?} o Y a Y A a 4?} = 4 =\ d?
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v Nonpurgeable Orgomic Chioring
 CHETY

Crgonic Chiorine = mg CIA

{ ' a J
AN 6 Wavea pH AONSINAYBYE1IAaD 15 NeTH

111 : Edward & George (1992) 919 1Agno4g1D1801M151182101 (2549)

5) QMUHNHINALITHZANANNAVYDINN

v
gaurglitazszeznaduiaveuingdinansdasimsnalgns e Tag
¥ acd 4 o o

A I~ [ 1 a Aaaa 1 @ a 1

gaurginmuduzdudns ddinalfaseszninaeiunuasouniasiiu aeiuddana
' Y v
Tna lasa Talmumuduaie aaaasluning 7
Yo & o A .
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Y94 THMs dEFUWUFIU molar mass HazaNnuiuihuveaihinannauineil Fasigny
Ld' gl 1 Y 1 Qy 1 1 1 1 :’ 9 d‘ =1
THMs fszmennihigoims 1d luase et lusuuae ldwoluasz hodhnanadauiioannd]
MsunInszaeenn lluerima (WHO, 2000)
Y 4 v v
MILNTNTENENMNFOIMAIZIUNUMANMINNYUOUIUT  (Henry’s  Law

£ a v o da g ' .. A g
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A v o A g Y A A s
N1 AaenIen 7 aziulan CHCI, Mﬂmﬂﬂﬁ1Mﬂ§]ﬂl@ﬁl8ﬂﬁijﬂﬂﬁ{ﬂmizmﬁlul,ﬂﬂﬂﬁﬂ
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1 ~ @ 1 1 { 1 A d [
Taganausamsn ldondasidruszninanududuvesasioglumanduunany

{ 1 A J 3
anududuvesasiogluvainduaisazate (Stumm and Morgan, 1996) Gaamnsnmeu 1@
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A A A
1o H A9 713N Henry’s Law
[A(g)] Ao anuuTuvesas lumaidluime

[AG)] v Anududuvesnslumlaiitluasazare

MINN 7 AAINNUNYVDUFUT (Henry’s Law Constant)

THMs Henry' law constant (unitless)
CHCI, 0.1500 fi 25 °C
CHCLBr 0.0667 i 20 °C
CHCIBr, 0.0321 71 20 °C
CHBr, 0.0219 125 °C

A
N1 US-EPA (2003)
2.3.5 nasgiunineIvos
I o v AnY 1 Y ] 1 =2 o Yy 9
ﬂ?ﬂﬂ’ﬂﬂ!ﬂuﬂuﬁﬁTﬂﬂ\W}llﬂﬂﬁTJiJ”ILLﬁ’J NUIITUA NN UAANULVNUU
q\‘lfcjﬂ(maximum contaminant levels, MCLs) ve9a15U58neY  chlorine by-products Tu
gl @ A @ ' ] o YA Yy 9
‘LlT]Ji%ihﬂ\WﬂiNV] 8 AIDYNULYU WHO ua¢ US-EPA ﬂ"lW‘LJﬂGlWZJﬂ’J"IiJL"’UﬂJGUHGUSQ

Y
a151szneulasa Tatimunanua lumu 100 tag 80 pg/L Mud1ay
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v Y 1
M5 8 ANNTUIUFIgAYea15152n0Y chlorine by-products TWihtlszah etmualu

MATTIUVDINUITIIUAC

wsnwlsuna nguans maximum contaminant levels, MCLs (ng/L) fan
WHO * Total THMs 100
- % o a s
US-EPA Total THMs 80 Fann uazro s
HAAs 60 (2550)
European Union (EU) Total THMs 10
Thailand *** CHCI, 200
CHCI,Br 60 mslsziuns
CHCIBr, 100 HaN (2550)
CHBr, 100
Japan CHC, 60
Wang et al.
CHCL,Br 30
(2007)
CHCIBr, 10
CHBr, 90
Sweden THMs 50
Switzerland THMs 25
England THMs 100
Scotland THMs 100
Czech Republic THMs 100
Italy THMs 30
Roccaro et al.
Germany THMs 50 (2005)
Spain THMs 100
Austria THMs 30
Belgium THMs 30
Ireland THMs 100
Luxembourg THMs 50
Norway THMs 100

NN * egluszHINMIMNMUANIAITIUNAYIY THMs Udazyila

v ¥
** Anauna0ANd

o U o ) J o =
Ak mwuﬂmmmgmmmmu:mmmammiaumeﬂaﬂ (WHO) 1l 2006
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Y 1
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Y A

Y 1
doide wpdsanlsmnamsmiinnuuusnuaihveseuase Fuinegld
a [~ v A 4 < 1
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g’ 9 = I A [l ] Y
52118119993 Surge Tank UM INNANUYIINTUMINDATI
= 0 g} o W ] ] Y
2) Skimmer Ao My luase liiinia Tagrusesves Skimmer Box 141
) v Y k4
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Y A o qUe ' ) g vy
Fod 1l Inaiussundeszeznmedundt msiz ludesru Surge Tank
o IJq ¥ oy a d' 9 1 09) 9 T a o 1 a :
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doide szauthagdinveuaszerilseunm 4 -10 au. vg ligurutiag

Uavovaszmiiouszuuiindu (Pool and Fresh, 2008)
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= 2 3 =KX Aa =~ A d? A
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2.4.3 NAIFIUYUMNA T NN
[ 3‘ 9 ] 4 4’ Y a [ 1 Jyq ¥
msmuguauaaszNeihlded lunanuasgiu  melminannulaoasodod 1o
9 9 9 ] 1
VIMIATLNOM AITUNUIBNIUAN 9 TNHUANIATTIUAMNINATZ NIRRT 9

liflnesguvesaisanAennmsaunaes u

' 9
ATNN 9 1]1@]5;@11!?]?.]45‘!11/‘]?(53’)18131

AANIFIU
a J
LRERE LY CE! National Spa .
NINOUIE**
and Pool Institute*

AABTUANAIY (ppm) 1.0-3.0 >1.0
pH 7.2-7.6 7.2-7.4
Total Alkalinity (ppm) (tia1¥nas3uiian 80 - 100

uawen'laTnae 157 a -

aew lolaanlsn)

Total Alkalinity (ppm) (1iial¥Manassu 100 - 120 -
Tanaels lasnanls uaz

a1515znevTusiiv)

Total Dissolved Solids (ppm) 1,000 - 2,000 -

< A S o
(mﬂﬂllﬂlﬂﬂaga18‘1uu1ﬂﬂ1’imﬂ)

Calcium Hardness (ppm) (ANUNTZA) 200 - 400 -

Cyanuric Acid (ppm) (N30 le1459) 30- 50 -

11 : * ATUINGINAATNNIT15D (2548) uag ** N3UBUINY (2549)
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aw 44
2.5 NUIBNNEIVD9
Y
Chu and Nicuwenhuijsen (2002) An¥1UTinaans THMs luasgnerhlusy Tag
<3 o 1 g/ 1 3’ 1 o ] ) a J
mumeaihnnaseneilusudwon 8 ure  lwilesasuseu  udniundnszy

v
A @

Y
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Y ]
NAARUMIANNLANANVBIANTAVEI I UIdaL T AUANANNANMINATDULAAIRINT NN

1 Y Yy 9

21 Fanunautaveuhluudazszauanuanvesaszerime 3 Uszanlifianuuanaig

% v o w

Aunszauiod Ay 0.05

] Y Y Y
A15199 20 HaNMINAgEUNTUINUILULULUNAvesaNtA1e 9 voutih luasz et 3

Uszian
Tests of Normality

Indoor swimming pool Semi-indoor swimming pool Outdoor swimming pool

Statistic df Sig. Statistic df Sig. Statistic df Sig.
TTHM 151 36 .036 .109 36 | .200(*) .300 35 .000
DOC 176 36 .006 .176 36 .006 .254 35 .000
UV-254 467 36 .000 413 36 .000 .514 35 .000
Eles'd”a' 223 36| .000 215 36 .000 172 35 010

2

* This is a lower bound of the true significance.
a Lilliefors Significance Correction
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119 3 Uszian Taeld Kruskal-Wallis H Test

Test Statistics(a,b)
indoor swimming pool
TTHM DOC UV-254 Residual Cl,
Chi-Square 1.202 .250 1.200 273
df 3 3 3 3
Asymp. Sig. 752 .969 753 .965
Semi-indoor swimming pool
TTHM DOC UV-254 Residual Cl,
Chi-Square 8.123 .250 734 1.923
df 3 3 3 3
Asymp. Sig. .044 .969 .865 .589
outdoor swimming pool
TTHM DOC Uv-254 Residual Cl,
Chi-Square 1.502 1.622 6.171 13.573
df 3 3 3 3
Asymp. Sig. .682 .654 .104 .004

a Kruskal Wallis Test

b Grouping Variable: LEVEL
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MTNN 22 Naﬂﬁ‘ﬂﬂﬁ@‘uﬂ1§!Li]ﬂLLi]\1!L1J1J‘]JﬂG]"UENﬁhﬁﬁﬂlﬂﬂﬁﬂuuﬁﬁgﬂﬂfﬂﬁﬂlﬂﬂ353’318131

Y
114 3 1szan

Tests of Normality

indoor swimming pool

Semi-indoor swimming pool

outdoor swimming pool

Statistic | df Sig. Statistic df Sig. Statistic | df Sig.
TTHM 1741 12| .200(*) 141 12| .200(*) 306 | 12 .003
DOC 174 12| .200(*) 194 | 12| .200(*) 342 | 12 .000
UV-254 1921 12| .200(*) .195 12| .200(*) 135 12 | .200(*)
Residual Cl; 224 12 .099 248 | 12 .041 .343 12 .000

* This is a lower bound of the true significance.
a Lilliefors Significance Correction

H Y Y
MTNN 23 wami‘ﬂﬂaauwwmmummwmﬁmﬁmmﬁﬂmmazqgmammaimwﬁﬂum

Tagld ANOVA

ANOVA
Sum of
Squares df Mean Square F Sig.
TTHM Between 912.165 2 456.082 |  193.830 000
Groups
Within 21.177 9 2.353
Groups
Total 933.342 11
boc Between 12.332 2 6.166 |  138.098 .000
Groups
Within
Croups 402 9 045
Total 12.734 11
UV-254 Between 001 2 000 38.464 .000
Groups
Within 000 9 000
Groups
Total .001 11
Residual Cl,  Between 57.093 2 28.546 | 16522.008 .000
Groups
Within 016 9 002
Groups
Total 57.108 11
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Taeld ANOVA (10)

Multiple Comparisons

95% Confidence

Dependent Mean Difference Interval
Variable Mag | Q) ans (I-3) Std. Error Sig. Lower Upper
Bound Bound
TTHM 1.00  2.00 21.3525(%) | 1.08467 | .000 | -24.3809 | -18.3241
3.00 -10.3375(%) | 1.08467  .000 | -13.3659 |  -7.3091
2.00  1.00 21.3525(*) | 1.08467 | .000 | 18.3241|  24.3809
3.00 11.0150(*) | 1.08467 | .000 7.9866 |  14.0434
3.00  1.00 10.3375(%) | 1.08467 | .000 7.3001 | 13.3659
2.00 -11.0150(¥) | 1.08467 | .000  -14.0434 |  -7.9866
boc 1.00  2.00 -1.4441(¥) | .14941 | .000 | -1.8613|  -1.0270
3.00 -2.4714(¥) | .14941 | .000 |  -2.8886 |  -2.0543
200  1.00 1.4441(%) | .14941|  .000 1.0270 1.8613
3.00 -1.0273(¥) | .14941| .000 |  -1.4445 -.6101
3.00  1.00 2.4714(%) | 14941 .000 2.0543 2.8886
2.00 1.0273(%) | .14941|  .000 6101 1.4445
UV-254 100 2.00 0040 | .00184 | .128 -.0011 .0092
3.00 -0116(*) | .00184 |  .000 -.0167 -.0064
200  1.00 -0040 |  .00184 | .128 -.0092 .0011
3.00 -.0156(*) |  .00184 |  .000 -.0207 -.0104
3.00 1.00 0116(%) | .00184 |  .000 .0064 0167
2.00 0156(¥) | .00184 |  .000 0104 .0207
Eis'd“a' 1.00 2.0 2.1025(%) | .02939|  .000 2.0204|  2.1846
3.00 -3.2025(*) | .02939| .000| -3.2846 |  -3.1204
2.00  1.00 -2.1025(*) | .02939| .000 | -2.1846 |  -2.0204
3.00 -5.3050(*) |  .02939| .000| -5.3871| -5.2229
3.00  1.00 3.2025(%) | .02939 |  .000 3.1204 3.2846
2.00 5.3050(%) | .02939 |  .000 5.2229 5.3871

* The mean difference is significant at the .05 level.
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Mlusy Taeld ANOVA
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ANOVA
Sum of
Squares df Mean Square F Sig.
TTHM getwee” 203.366 2 101.683 3.843 062
roups
év'th'” 238.145 9 26.461
roups
Total 441.511 11
DOC Between
Groups 3.750 2 1.875 7.916 010
Within 2.132 9 237
Groups
Total 5.882 11
Uv-254 (Bset""ee” .000 2 .000 40.805 .000
roups
év'th'” 000 9 000
roups
Total .000 11
Residual Cl,  Between 2.949 2 1.475 53.869 000
Groups ’ ) ' ’
Within 246 9 027
Groups
Total 3.195 11
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Mlusy Taeld ANOVA (s19)

Multiple Comparisons

95% Confidence Interval

Mean
Dependent Difference Std. Lower Upper
Variable (1) a9 (J) aa (I-)) Error Sig. Bound Bound
TTHM 1.00 2.00 -9.2175 | 3.63735 .075 -19.3730 .9380
3.00 -1.0675 | 3.63735 .954 -11.2230 9.0880
2.00 1.00 9.2175 | 3.63735 .075 -.9380 19.3730
3.00 8.1500 | 3.63735 117 -2.0055 18.3055
3.00 1.00 1.0675 | 3.63735 .954 -9.0880 11.2230
2.00 -8.1500 | 3.63735 117 -18.3055 2.0055
DOC 1.00 2.00 -1.1644(*) .34415 .020 -2.1253 -.2035
3.00 -1.2063(*) .34415 .017 -2.1672 -.2454
2.00 1.00 1.1644(*) .34415 .020 .2035 2.1253
3.00 -.0419 .34415 .992 -1.0028 .9190
3.00 1.00 1.2063(*) .34415 .017 .2454 2.1672
2.00 .0419 .34415 .992 -.9190 1.0028
Uv-254 1.00 2.00 -.0083(*) .00128 .000 -.0119 -.0047
3.00 -.0111(*) .00128 .000 -.0147 -.0076
2.00 1.00 .0083(*) .00128 .000 .0047 .0119
3.00 -.0028 .00128 .124 -.0064 .0008
3.00 1.00 0111(%) .00128 .000 .0076 .0147
2.00 .0028 .00128 124 -.0008 .0064
Eis'd”a' 1.00 2.00 2150 | 11699 212 -1116 5416
3.00 1.1425(*) 11699 .000 .8159 1.4691
2.00 1.00 -.2150 .11699 212 -.5416 1116
3.00 .9275(*) .11699 .000 .6009 1.2541
3.00 1.00 -1.1425(%) .11699 .000 -1.4691 -.8159
2.00 -.9275(*) .11699 .000 -1.2541 -.6009

* The mean difference is significant at the .05 level.
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nanaude Taeld Kruskal-Wallis H Test

Test Statistics(a,b)
TTHM DOC UV-254 Residual Cl,
Chi-Square 9.846 8.000 3.500 7.645
df 2 2 2 2
Asymp. Sig. .007 .018 174 .022

a Kruskal Wallis Test
b Grouping Variable: ag

HanIsIATITHTeYaMIEdn mAanaAnMmvesanTavenilunAazass
Y
m3nageumANuLanavesauiaveih luldazaszAvaiimsnadounsuan
a 9 Yo aa . £ [ A
uaaunAveddoyalaslidiada  Kolmogorov-Smirmov FMaAAINII NN 26 HaN3
Y
nagounuNoyaiimsuvnusay lilnd daiudeld Kruskal-Wallis H Test Tunisnaao
H 1 Y Y Y
HANINATOUUAAIAINT IR 27 Fanunautidvenihluaseheinie 3 dszanian

@ v o w

HANANNUNTEAUTBAIARY 0.05

v Y
MINN 26 HAMINATOUNTHANLILULUNAVOIaNTAA1 il vourh luunazase

Tests of Normality

Kolmogorov-Smirnov(a)

Statistic df Sig.
TTHM 142 36 .063
DOC 293 36 .000
uv-254 .178 36 .005
Residual Cl, .256 36 .000

a Lilliefors Significance Correction

H Y
A5 19N 27 WaNMSNATIUMIANULANANVedNLave s luunazdsy Iﬂﬂi“]gfl Kruskal-

Wallis H Test
Test Statistics(a,b)
TTHM DOC UV-254 Residual Cl,
Chi-Square 16.587 29.502 29.123 19.990
df 2 2 2 2
Asymp. Sig. .000 .000 .000 .000

a Kruskal Wallis Test
b Grouping Variable: &s¢
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U d’ 13! U va oy 1 =
NAAOY  WaMINATRUNAAINIMITINN 29 Fawunauiaveninlizihlunaazggmalul

o w

ANuuanaRNUNIEauedIAg 0.05

v 9
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Tests of Normality

Kolmogorov-Smirnov(a)
Statistic df Sig.
TTHM 132 27 .200(*)
DOC .190 27 .014
uv-254 442 27 .000
Residual Cl, 471 27 .000

* This is a lower bound of the true significance.
a Lilliefors Significance Correction

v 9
M3 29 HamsnadeunIANNLAnANYesaulAaveilszih Tuudazggna Taelsy

Kruskal-Wallis H Test

Test Statistics(a,b)
TTHM DOC Uv-254 Residual Cl,
Chi-Square 11.556 .297 2.395 3.646
df 2 2 2 2
Asymp. Sig. .003 .862 .302 .162

a Kruskal Wallis Test
b Grouping Variable: ag

namsInnzideyameada maanwansves TTHM lwemaluaszherunas
sz

MsnageLIATIIANAes TTHM Tuemmaluaszheiusazyszinn douin
m3nageumsuanuasnuundvesteyalaelddiadd Kolmogorov-Smimov  Fauieasda
mM31971 30 wamsnadeunudeyaiimsuenuasun lind §u390% Kruskal-Wallis H
Test Tumsnagey ransnadeLaAdams el 31 Fanuh TTHM Tuermaluass o

o w

uaazilszinnianuuananiunszAued Ay 0.05
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H 2
A1519% 30 WamsnageumMsianuatuulnaves TTHM Tuoimalugszneii

upazlszan
Tests of Normality
Kolmogorov-Smirnov(a)
. Statistic df Sig.
TTHM TuarnANRIUN 371 54 .000
TTHM luannafiszéu 150 cm 422 54 .000

a Lilliefors Significance Correction

1 Y
MSNN 31 HANMINAFOUHIANNLANANUEY TTHM Tueimealudse erhwaazdseinn

T 81% Kruskal-Wallis H Test

Test Statistics(a,b)
L TTHM Tuanne
TTHM Tuarananfiniin Nszeiy 150 cm
Chi-Square 14.861 7.093
df 2 2
Asymp. Sig. .001 .029

a Kruskal Wallis Test
b Grouping Variable: &s¢

a Jdy aa U I U 3;' v
NaM3AATZHUVOYAMIADA HInNuuaANMIvesn S ranluasz Nerhmaazlszian
a < ' 21 1 Y
MsnaaeuMsuInuLVlnavesnNusanluasznenazlssnnlasls
A1a0a Kolmogorov-Smirnov HeAIAIA15 1T 32 WAMSNATOUNUNT0yalimsuaniaLuL
' a v o 9 . 1 <
Tudnd d9iudeld Kruskal-Wallis H Test lumsnaaoumianuianaauoinnusanlu
Y v 1
A5z NNIUAAZUTLUNN  HANINATBUUAAIAINITIN 33 Fawu TTHM lusrimaluase

[ v o

Y H
NesazlssnnianuuananunseauTed Ay 0.05

{ a < 1 g’ '
GﬂiNﬁ 32 wami‘wﬂﬁaummﬁmumuuuﬂﬂmmmmmaMummwmgmazﬂﬁxmm

Tests of Normality

Kolmogorov-Smirnov(a)
Statistic df Sig.
ANNIAN .200 54 .000
a Lilliefors Significance Correction
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A J < 1 3’ 1
MINN 33 wami‘wﬂaauwmmmmﬂmNGu'e')qﬂamLimﬂuaamwunmazﬂizmw 1@815195}

Kruskal-Wallis H Test

Test Statistics(a,b)
ANMULTIAN
Chi-Square 35.538
df 2
Asymp. Sig. .000

a Kruskal Wallis Test
b Grouping Variable: &s¢
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