CHAPTER IV

RESULTS AND DISCUSSIONS

hundred and four pool stafissweie interviewedThe sampling sites were randomly
selected from every di ar etails of data are described in

Appendix C and the sumume -/obtained data is presented below:

Nearly all of the gwimm: pool door pools. There was only one
indoor pool. The indoor ) Sy pools would be exposed to sunlight
differently. Since the occ reﬂ@”i‘g‘lfzfi‘- ed hydrocrbons in swimming pool

—_—

results from this study | alogenated hydrocarbon found in

0
indoor swimming pool Jas not difference due to thers was cnly one registered indoor

swimming pool qﬁjﬁﬁj &N §W t1N7

qiz nd§s e'of the "e-(].gonﬂe’](ﬁ EJre rectangular

with few were round or oval. The standard size was 12.5x25 metres. Width of
walkway around swimming pool is between 0.5-5 metres. Refering to the standard rule
of swimming pool described in Appendix C, it was indicated that 1.92% of the
swimming pools were below the standard criteria, since the criteria of width of

walkway is 1 metre.
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3. Source of Water Used in Swimming Pools

Most of the pools were filled with tap water which was treated by

chlorination before filled in the pool.

4. Type of Water Circulation System

Water circulation system was classified into five types as described in

Appendix B. The most popular on the fourth type that the water flows into the
‘ ‘

pool through the pipes settin l of a pool and flows out through the

overflow channel around ‘:@b‘e replaced by clean water derived
- ——

from the pool’s bottom ostly at the water surface will

be eliminated within g ixed with most of the pool’s

water. The frequency di tign/of each t g in Figure 4.1.

, sand filter and diatomaceous

earth filter. Twenty eig L po " S lter and seventy one pools used

\ — .
depends on many -‘vf:‘:‘:‘_f‘f?!‘f_ oa Of seiiing fiiter, bud t, cost of maintenance etc.

I
6. Cleaning of gvimming Pools
Can L .
Theﬁeﬁa DQW? ng‘]aﬁ ter filter cleaning were
varied. Most them was one time per day. Summary of the obtained data are
presentﬁiﬁ}je a ‘ — .
qe que ﬂfﬁi]tj mly mpg(& m tEJ :Jcauaion of insoluble

deposit on the prepared mat which has produced a pressure drop across the filter of

sufficient magnitude to prevent the proper distribution of the filtered water to the
various pool inlets. When this occurs the filter must be cleaned by backwash to flush
the accumulated deposits to drain out. Data obtained from questionnaires were

different. They are described in Table 4.2.
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Table 4.1 Frequency of swimming pool cieaning.

Frequency of swimming pool cleaning Number of pools
1 time/day 91
2 times/day 3
1time/2 days 6
1-2 times/week 2
not indicated 2

7. Duration of Water Ciscuiation

Water is circulated oY 2 . \‘1\ d circulation pump. Circulation

rates are proportiong

recirculation are shown

Table 4.2 Duration between &

Frequency of water {i Fffm | Number of pool
1-7 days/time > 77
8-20/dg ' 8
1 2
uncertaing . 2

ﬂ%@&l’mﬁm‘ﬁwmﬂ‘i i

Period of water circulation (hours) Numbr. of pools
1-6 4
>6-12 12
>12-18 1
>18-24 42

not indicated 45
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It should be noted that 43.27% of all swimming pools did not provide data
about the period of water circulation, The staff of these swimming pools did not
indicate the period of water circulation. This showed that these pools may have or may
have not circulated water in the period according to the standard set by Bangkok

Metropolitan Administration.

8. Period of Drainage

As shown in Tabl 4 % of @ drained every year and57.69%

\.; on the water quality.

Table 4.4 Period of drai l I'E? ii __A\

Period of drainaggfof I i m m\\\\ er of pools
1-6 mon i \
> 6-12 months %"E&" \ 26
= | 1
‘ 2

indicated that period of

>12-18 month
>18-24 months
>24-36-mont

o lu'
uncertgmEs====—— X

e

j [

9. Physical Check fi immin users g s

Physic|cfiebiédp’gr 4] fedr /e @%@ sWiluhig pools is one of the

many ways to intrdducing prevent the water dlseasedx‘lto the pools. &rom the obtained

data, exgh»qew ﬂim ﬂ Hivme%%@’}l% ﬂﬂcﬂ[{t} endorsed by

doctors b efere using swimming pool. There were only sixteen pools that have the

regulation for physical check up before using the swimming pools.



10. Disinfection Methods

From the data obtained, there were many kinds of chemical used as
disinfection such as chlorine, phosphoric acid and ozone. Disinfection by chlorine was
most often used in the following forms;

1) Calcium hypochlorite available as a granular powder and in tablet
forms contains 70 percent available chlorine.

2) Sodium hypochlorite available as colorless, clear solution

Most of them always used ¢ lorine e 1 ded chlorine after closing the pool
each day. Dosages used for ea t i om pool to pool in different sampling

sites due to many t::gjors influencing chemi here were two methods in

applying chlorine, Ogig : al operat tening chlorine by hand over the
water or placing it ing IMITIET. er was usiEl an automatic feeder. In this
study it was found that #14:42 percent of ¢he pools used the automatic feeders and

85.58 percent ﬁ%&r@lme&llw ‘j w EJ ’] ﬂ ‘j

NI GG 1) 2] 2

4From the data obtained, chemicals were widely used in algae and pH control.

—t

Caustic soda or soda ash was used to rise up the pH in pool water and hydrochloric
acid or sodium acid sulfate was used to decrease pH. If algae growth occurs, Algaes
generally destroyed by applying an over dose of chlorine, or using algaecide or copper
sulfate. Types of algalcide were varied by trade name such as Swim chem Algae-rid,

Swimtrin Plus, black Algetrine etc.
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3 B4 B35

3 3.1%
2 21%
131%

c 35.4%

6 133% ! 42%

=chlorine 16%, 2=chlorine gas, 3=phosphoric acid, 4= chlorine 90%, S=ozone,
6=uncertain, 7= chlorine60%, 8=chlorine7(%s, 9=chlorine98%

Figure 4.2 Types of chemical used in disinfection by the swimming pools in this study.
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sulfate. Types of algalcide were varied by trade name such as Swim chem Algae-rid,
Swimirin Plus, black Algetrine etc. ‘

In general, pH of the swimming pool water is affected by ; 1) the source of
water; 2) the body secretions of the swimmer; 3) the application of chlorination agent
to destroy pollution; 4) the application of coagulation agent. The optimum pH range
for a swimming pool water is 7.2 to 7.8. The change of pH value always due to the use

of chlorine agent. When the disinfectio

‘ ols pores and seeds of algae from
| nli hs can develop rapidly on

owed to fall off.(Swimming

below 7.2.0n the contrary, if

hlorite the pH will ri
hypochlorite the pH will riseup

Algae probleminsw

the air. Algae flouris
cloudy or rainy days or 2

pool Annual Data&Refe

12. Water Quality D

The standard of water qua determination determined by Bangkok
Metropolitan Administration 1s 52%_%{_1 2] k and every day for biological check,
chlorine residual andL Eil respe&gﬁ?ﬂj ifi Table 4.5, there was only one pool
that upto the standard-of-bictogical-eheck-—Foi-chiotine ‘dual- and pH check, there

were 70 pools that meeﬁ'fth de

|
This finding was conformg.d with the previous study of I\Qtana et al.(1988) showed
F—

that the pools “F?i Ejl a % ‘ ue“lﬂ ,ﬁost of the swimming
pools had not doqfl‘i;)-l‘oglg checmﬁt 18 specumhat chlorination dose
must be inc pua isi ‘t' S8, Alﬁev.log bﬁg]ools that over
standarﬂﬁjﬂﬁnimmrﬁed ‘ Lpll

119002442
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Table 4.5 Water quality check in the swimming pools in this study.

Frequency Biological check Cl residual and pH.check
1-6 times/week 1 17
7-14 times/week - 53
15-21 times/week - 6
22-28 times/week - 1
1-2 times/month 2
1-2 times/year -
uncertain 4
not check -
no data 23
The Study of Standay :
The calibrationf” ¢ Q ‘methylene  ¢hloride, chloroform, 1,1,1-
trichloroethane, carbon tefrac 1o . \ oethylene, are shown in Figure 4.3-

4.8. The chromatogram of the st Althr a-eu. e .in methanol is shown in Figure 4.9.

The Study of Wat '“l
vi,

1._The Study oﬂNat Qu
The subjects'-of this study were, thirty six swimming pools. They were

classified into ﬂ Biotos Qf%‘ﬁ Y1 ‘j WEN°9

gtoup A : hotel swnmor'nmg pools

AT TBLEMT AN A

group swimming p

group D : public swimming pools

The results of water quality analysis in this study are shown in Table

4.6 -4.9.
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Figure 4.4 The calibration curve of chloroform (low concentration) in methanol

using HP-5 capillary column wita ECD as a detector.
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Figure 4.6 The calibration curve of 1,1,1-trichloroethane in methanol using HP-5

capillary column with ECD as a detector.

38



39

5
4 ]
m
(=
8 s
2
@
Q
< 27
E y/ OPE = 2075400
- 1 RCEPT = 311600
7 = 0.9995.
O 1 \ 1 1
0 7 20
Figuve 4.7 The calibr ve of « ride in methanol using HP-5
_ 7% |
capillary col : I
jd
700 :
e 4';?
B T
@ 500 - ‘
=
@
: 111 j
3 400 -
= Q/
@ 300 4 ﬂ :
: ‘HEI’J INEINT
<
e
8 200 — SLOPFh 29780.19
" wAWINNT ﬂJ NS ﬁ“&l
100
0 ! 1 T T T T T
0 5 10 15 20
Concentration (ppb)

Figure 4.8 The calibration curve of trichloroethylene in methanol using HP-5

capillary column with ECD as a detector.
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1.1 Chlorine Residual

According to the water quality standard of Bangkok Metropolitan
Administration, chlorine residual in swimming pool is between 0.6-1.0 mg/l. In this
study, it was found that only 8.33 percent (n=3) of total samples was upto the
standard. Fifty percent(n=18) and 41.67 percent(n=15) were under the standard and
over the standard respectively. As in previous study carried out by the Environmental

Health Division(1988), percent of the Is upto the standard was lower than the ones

Table 4.10.The hotel swimming pool

was the only one type that.water quali he standard. The others were out

and may damage otheg:? 8.6: the water is likely to appear
|

cloudy and to cause formation of scale in the pool plumbing system. Of even great

importance, th ali ‘\? ‘ ﬁ’ tiveness of chlorine as a

disinfecting an Migjag nﬁ%u mmﬂpﬁo the standard (Schuler,

1974) ¢ < v
ARIANNIUARIINE IR Y

1.3 Temperature

The temperature of all water samples were between 29-37°C .
The fluctuated value depended on many factors such as being outdoor or indoor pool,

light intensity, time of the day, the weather etc.
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Figure 4. g 0 t aimh star re in

methanol

mﬂrﬂmmmm ¥ EI 188

® = Methylene chloride : concentration 100.02 ppb
@ = Chloroform : concentration 100.16 ppb

@ = 1,1,1,-trichloroethane : concentration 5.04 ppb
@ = Carbontetrachloride : concentration 5.09 ppb
® = Trichloroethylene : concentration 4.97 ppb
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ondltlon GC desodbed in Table3

ARIAN ootk bl

@ = Carbontetrachloride
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ondition : GC described in Table3.

A Nivioris mkpicabl

@ = Carbontetrachloride
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Table 4.6 Water quahty in the Hotel sw1mm1ng pools in this st

Samplmg Slte ,

Cl resndual pH Temp nght Imensny
(mg/l) i (°C) : (Lu}\) :.

&

Al 2.5 7.8 31 56000

A2 02 | 78 | 37 26500 “ 5=f" 0.19

A3 8 78 | 31 18500 4 ﬁglf L 024 74

A4 3 7 34 19400

119

A5 0.2 76 | 34 15300 AaZ67 59

T TR
A6 1 78 | 27 8860 NB= 35 ND 25 ND
S B

A7 I 78 | 30 78700, ND | 250 [ 54

z
AHEEEEEE

-l

A8 0 78 | 295 3270

S
=
=
Z
>}

5|3|58|5|5|5|58|5|5|5|5|

A9 1 78 | 305 27500 I-j | ~ND | [ 0.42
ND

Al0 2 7.8 31 31000 ¢

jfé%éééé%ééaf
la|z]z|zlz|2l5|5|z]3]
z

f=]
g
w

SD(+) 115 | 025 2’.8 2&7928
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Table 4.7 Water quality in the academic swimming pools in this,

B2 0.2 78 | 29 7060 f-"di \Na N ND | ND [ 40 ND [ N | D
B3 15 78 | 31 3210 7 'f;éf 49 o | o | 8 No | 05 | ND
B4 3 78 | 29 55200 >, Az 9 w | w [ 12 | x| 045 | wp
B5 0.2 78 | 31 31300 ND_M,: Ji"zi" N> | 048 o | wp | 17 ND | 04 | wp
B6 3 68 | 29.5 ND | 24 ND | 045 | D
B7 0.2 68 | 29.5 ND |13 o | 032 | wp
B8 0 68 | 30 ND | 14 N | 043 | wp
B9 0.1 75 | 29 ND | 135 | ~o | 028 | wp

0 ND 12 ND 0.39 ND ND 16 ND 0.37 ND

% e y e

’Q‘WWMF

‘i’m mn'n‘n

SP‘
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6.8

7.8

ND ND 68 ND ND | ND
o de- ' Ain ND ND 37 ND ND | ND
ND ND 33 ND ND | ND
ND ND 49 ND ND | ND
ND ND 147 ND ND ND

N | ¢ | o | s
ARIANNIUNATINETIRE

14



Table 4.9 Water quality in the public swimming pools in thi

ND ND 16 ND ND ND

D2 2 7 315 7560 ' . D

- ND ND 75 ND ND ND

D3 0.2 78 | 31 4090 o ) ND N |27 ND ND | ND

D4 02 | 78 | 31 332 PR w | w [ 47| x| w | w
s e

AW
ARIAINTUNNIINYINE

Ly
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1.4 Concentration of Halogenated Hydrocarbons in Swimming Pools

Thirty-six samples of swimming pool water were stuciied for
halogenated hydrocarbons. All samples produced a chromatogram of chloroform and
fifteen samples also produced a chromatogram of carbon tetrachloride, but methylene
chloride, 1,1, 1-trichloroethane and trichloroethylene were not detected in any samples.

The chromatogram of some samples are shown in the Figure 4.10 and Figure 4.11 and
the results of the analyses are s il

6-4.9
Table average amount of chloroform and

carbon tetrachloride fou ‘f g oups. of the swimming pools and graphic
representation of chloro \ swimming pools can be seen in
Figure 4.12-4.15.

\"\

LY

- | = N |
1.5 Chloroform e el in the Swim ools
In sapport to thfgté /i ’Je % Beech et al., 1980; Aggazzotti,
1986; Chambon et al., 498 o& 1991 etc.), this study found that chloroform

concentrations were preser ed-grﬁ-gll_ of the samfiples. The concentrations varied among

—_———

all types of the swimming pogls;;:'y;:;{g- Z/

-;3 of chloroform in the hotel

swimming pool wat ‘. shallow area(t surface of water to the bottom of

swimming pool <1.5 m) were between 17-113 ppb and‘the mean value was 53.4 ppb.

In deep area(t }j %( wimming pool > 1.5m)
chloroform le ﬁ mgjfm wﬂﬁha:ﬁ value was 61.6 ppb.

For the academic pools, chloreferm concentrétions were detected
betweeQZWSqmm M%}Q pm &L}a EJa while in deep
area, chloroform level was between 8-135 ppb with a mean value of 29.6 ppb.

Table 4.8 displays chloroform levels in the club pools. The
concentration of chloroform fluctuated between 26-254 ppb with a mean value of
84.88 ppb in the shallow area and found in the range of 15-220 ppb with a mean value
of 74.38 ppb in the deep area.
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Figure 4.13 Chloroform levels in the academic swimming pools
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Figure 4.15 Chloroform levels in the public swimming pools



A = Hotel swimming pwol

A 3 4 o whaigy |\ 5340 | 6160 | 032 | 032
B 6 4 e . 2540 | 2960 | 042 | 040
C 5 =LIR 8488 | 7438 ; ]
D 4 z | 5225 | 5588 | 042 | 040

B = Academic swimnu@ pool

C = Club sm"arﬁﬁ’j Ny W%{quﬂ L)
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The chloroform levels found in the public pools were in the range of 15-126
ppb(mean=52.25) and 13-136 ppb (mean=55.88) in the shallow and the deep area,
respectively. The details are shown in Table 4.9.The water source used in swimming
pools could be one of the factors affecting the concentrations of chloroform in the
samples. Since all swimming pools in this study were supplied with tap water, which
already contained chloroform from chlorination in the plaht,(29.58-31.86 ppb of
‘ 71d 16.8-100 ppb of THM. NEB, 1984) the

/ater were usualy high because of

chloroform in tap water. Wutichai, .1

chloroform levels in the
rechlorination. -..‘:"__-.._J

The high conce water samples might resulted
from the follow reaso

1) The water i ral times, it was treated and

3) The high content ool is to make sure it would kill
all the germ.

Statistical analysis was‘ﬁtfmefd p data obtained and it was found that
there was no signifiez evels of all types of the
swimming pools stud .

gPp ﬁ m

carbon tetrachloride in the

~

sw1mmmg pool water were in the range of 0.19-0.45 ppb in shallow area and in the
range of 0.20-0.44 ppb in the deep area.

Table 4.7 shows carbon tetrachloride level in the academic
swimming pools. The level were between 0.29-0.49 ppb in the shallow area and 0.28-

0.45 ppb in the deep area.
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In the club swimming pools, it was not found carbon tetrachloride
in all samples and there was only one public swimming pool that carbon tetrachloride

was detected.

1.7 Unexpected Peak

It should be noted that a peak at the retention time 14.12 minutes

was found in the chromatograms of a ples. The representative chromatograms are

shown in Figure 4.10 and Figure 4.
8 g \"{%
it’s peak area is the highe a'iii)n i

it was found to be tetra.

library Wiley138 at 95% ével. [ shown in Appendix D

was not in the scope of this study, but

S technique was carried out and

as matched with the standard

in drinking water is

: . . ; L .
epidemiological stu,gles is ~“insaffi conclusion that exposure to

tetrachloroethane causes-canceiii-tii

s, ‘f.t could be concluded that

Since this pe
tetrachloroethane is ?e most stable form in water. The peak abundance of
tetrachloroeth ¥ i 10 : ed to its concentration
but due to thﬂﬂﬂﬁﬁﬁﬂ@;ﬁamoe hane has four chlorine
atoms sQ_i C ; f i .iﬁf it isoit esting to study
concenaiﬁﬁﬁzﬁﬁ'ﬁm iti&j ter H:l@e[g

2 The Study of Factor Affecting the Occurrence of Halogenated Hydrocarbons

in swimming Pools
The samples in this study were four swimming pools selected from four types

of swimming pools. The study was carried out by collecting water samples every three
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hours. The results are shown in Table 4.11-4.14. Graphic representation of chloroform

levels are shown in Figure 4.16-4.23.

1.Comparison between Chloroform Level in Shallow and Deep Area

Comparison of chloroform levels have no significant difference between the

shallow and the deep area at 95% confidence. The detail are shown in Table 4.15.

Table 4.15 Mean comp sstéd by : :"' sis of 't on chloroform levels
in shallow andédeg l
sample t-value p-value

shallow area 0.63 0.53

deep area 0.63 0.53
P | 1 Va

The difference; ﬁ:f -.:::-:.:f i neain 0 CHCl3 e \‘ ere is significant

difference at 95 ﬂc m

Table 4.16 Meﬂpﬂ‘ﬁﬁ Ww%’wfgﬂﬂ?mfom levels in

20 cm and 60 ¢
L~
T 'V&N ﬁ SR Y™
20 cqm 219.53a =2.54 0.015
60 cm 40 195.68b -2.54 0015

The difference alphabet on the mean of CHCl; means there is significant

difference at 95% confidence.



Table 4.11 Water quality in sampling site A(Hotel swimming po
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Table 4.13 Water quality in sampling site C (Club swimming pod

3 78 | 30 4840 "520 \ ‘ o | v | 424 | o | o | o
3 78 | 31 65300 b 50/ Ay o | xo | 405 | o | xo | w

; : .:rN ;i‘ %
1000 3 7.8 32 113900 SAB0Y D ND ND 300 ND ND ND

_______ | 3 78 | 32 65100
: 33 3240 | 1308
3 7.8 | 295 5600+ =, - = ND ND 207 ND ND ND
-

3 7.8 30 12680 =1 | , NDT.| ND ND 220 ND ND ND

I} S . -

3 7.8 30.5 116900 ND 207 ND ND ND ND 211 ND ND ND
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Figure 4.17 Chloroform levels in sampling site A-Day2
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Figure 4.21 Chloroform levels in sampling site C-Day2
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Figure 4.23 Chloroform levels in sampling site D-Day2
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3. Comparison by the time

The result showed that the chloroform levels in the swimming pools during
6.00 am. to 9.00 p.m. fluctuated. Most of the sampling sites were found to have
chloroform level dropped at noon and increased in the afternoon until the evening. It
was speculated that because there were less swimmers and more sun ray than the
afternoon. This result is conformed with the previous study by Lalh (1981) which
indicated that contamination with r c as precursors of THM (chloroform is in
THM group) production and i % & er of swimmers.

!svel s time of the day may be related
o

The differences 1 m

to the formation and ev. oroform values are the results

from continuous formati poration. Continuous formation
of chloroform would b gCtg tiot e chlorine added regularly, and
organic material that euter the ‘ e environment and make-up water.

(Beech, 1980)

. . 1.
4. Chlorine residual. pH, temperature.a

e

TAF

After the statistica anaﬁﬁsm usim;

A l E

of all correlation coeﬁic1ents"ah1‘é§g f@c or'S

relation, the results showed that p-value

ate more than 0.05(p>0.05). The result

Vomme

it

positive correlation ameng T

was not conformed" previous-study-of Reiches ‘o Wilkins(1983) in term of

M enti atery temperature and free chlorine

I

residual. It might be related to some factors such as water circulation system and

duration of w. g pool is not circulated
through ﬁlterﬂmn? ?Irﬁ ﬂzﬂ'ﬂﬂz late and interact with
chlorin ?’ éﬁ r, Therefore, the
correlafﬂ:ﬁvfhi‘a ﬂfimmj ﬂzlr#f swimming pool

were not correlated
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