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Abstract

Background and Objective: Sufficient amount of chlorine is needed to be maintained in the pool as not only the adult go for swimming
but also children with more sensitive skin. This study was conducted to determine the presence of coliform group of bacteria which
involved faecal coliform and Escherichia coli as microbial indicators for water quality contamination in the Sports Complex swimming
pool water that is treated with chlorine disinfectant. Materials and Methods: Identification of faecal coliform and £scherichia coli were
done through Membrane Filtration Method from APHA standard. The amount of free chlorine content in the swimming pool were also
analyzed using HACH Spectrophotometer in order to relate the reactions of the supplied free chlorine towards the number of the
microbial colonies inside the swimming pool. Results: The result shows that the outdoor swimming pool has a higher concentration for
both faecal coliform and Escherichia coli compare to the indoor swimming pool and the highest concentration of faecal coliform can
reached 2661+ 64.65 CFU 100 mL~"and £scherichia coli up to 113£57.40 CFU 100 mL~". This showed that coliform bacteria still presence
in the swimming pool at the sports complex although it has been treated with chlorine disinfectant. In a meantime, for the free
chlorine content it showed that the average concentration in outdoor pool were recorded lower at 0.492£0.531 mg L~ which was way
below the minimum limit 1.0 mg L= of the permissible NSPF standard, whereas indoor pool were recorded at 1.069£0.585 mg L.
Conclusion: The microbial presence and chlorine content in indoor swimming pool can be said more hygienic and cleaner to swim
compare to the outdoor.
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INTRODUCTION

Adding the right amount of chlorine in the swimming
pool can be a tough balancing act as there is no proper
standard or amount that can be followed by the pool
operators. Regardless of how frequent and what type of
pumping system that should be used also never been
mentioned and recommended by any neither international
nor national standards. Any higher concentration of chlorine
in the swimming pool water will start to run the risk of red
eyesand swimmers especially children with itchiness and skin
rashes. Nevertheless lower concentration of chlorine will built
up higher organic materials and bacteria in the swimming
pool that can cause waterborne disease. Therefore, the
important of this research finding are very relevant as it is to
provide the information on the amount of free chlorine in the
swimming pool and their effects towards the presence of
the microbial coliform bacteria. Furthermore, the significance
of the research study is to measure the effectiveness of
chlorination of swimming pool water under varying conditions
especially on consideration on what is the properamountand
type of chlorine need to be used on the swimming pool.

In a meantime, swimming pool sports complex is one of
the main attractions to public use as a centre for recreational
activity, sports and healthy lifestyle'3. It provides swimming
pools for public with affordable and cheaper entrance fee
compare to swimming pools provided by others such as hotels
and resorts which are way more expensive. Thus, many people
tend to come and choose the Sports Complex swimming pool
for swimming. Although physically the swimming pool at
sports complex seems well maintained, but it does not ensure
that the amount of chlorine in the pool is safe to be used and
monitored properly. In addition, there are not only adult that
go for swimming, but also the children. Children have more
sensitive skin as their skin is still growing and young, thus
need to be protected from harmful chemical like excessive
chlorine*®. Recent studies shows that amount of free chlorine
in the swimming pool may give side effects to the swimmers
due to the formation of chlorine by-product because of the
chemical reaction from the chlorine with the water and other
organic materials’.

Swimming pool is a huge artificial basins or large paved
holes containing water for swimming. According to Edzwald?,
the swimming pool water should follow the potable water
standard by being transparent, odorless and tasteless liquid
having a freezing point of 0°C and boiling point of 100°C. In
previous research stating that people with infections of any
kind should not be allowed entry into the pool®. The quality of
swimming pool water can be contrived by the transmission of
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contagious diseases. The infections from swimming pool can
be presence due to poor and lack of cleaning of the swimming
pool. Itis reported that a swimming pool can be infected with
pathogenic microorganisms infiltrating the pool either directly
orindirectly by contaminated air, soil, dust, rain water, sewage,
human or animal excrement and individual bathers'. Unless
the water is sufficiently treated, contamination may lead to
outburst of diseases, such as skin ulcers, gastroenteritis,
conjunctivitis, trachoma, ear infection such as otitis media,
cholera, dysentery, eczema and skin rashes". In spite of these,
operations should ensure an optimum water quality and
maintenance of good hygiene by the use of disinfectant such
as chlorine. According to Yue et a/', chlorination is the most
well-liked method as it is cost effective and relatively reliable.
Swimming pool is open for public usage where it can
accommodate more than hundreds of people makes it as a
good transmission tool for infectious disease'®. Faecal matter
was introduced into the swimming pool when an individual
has an accidental faecal release or when residual faecal
material on the swimmers body is washed into the pool and
also when the pool treatment system having a leakage. Whilst
non-faecal human shedding likes vomit, mucus, saliva or skin
in the swimming pool is also a potential source of pathogenic
organisms'. The presence of Escherichia coli (E. col) in
swimming pool water is a signal that faecal material has
infiltrate the pool water from contaminated skin or from faecal
material that has been accidentally or knowingly released. It
also indicates that the treatment has failed to remove this
contamination. Microbiological evaluation whichinvolvinga
test of indicator bacteria has been the most reliable method
in quality control and assessment of swimming pools'. As
indicators of faecal pollution, their existence is a strong
indication of the presence of enteric pathogenic bacteria, such
as Salmonella typhi, Salmonella paratyphi,  Shigella
dysenteriae, Vibrio cholerae and parasites in the pool.
Therefore, the aim of this study it is necessary to monitor the
level of microbial quality in the pool as it is the most crucial for
public health.

MATERIALS AND METHODS

Studyarea: Sports complex L that chosen involved the indoor
and outdoor swimming pools which is open for public use.
The indoor poolis with olympic size standard swimming pool,
approximately 50 m length and width of 25 m with 1.8 m of
depth. Whereas for the outdoor pool, the length is 29 m and
the width is 11 m with depth of 0.6-1.8 m which is mainly for
children as shown in Fig. 1-3.
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OUTDOOR POOL

Fig. 1: Indoor and outdoor swimming pool at L sports complex
(Source: Ministry of Culture Youth and Sport Malaysia, 2017)

INDOOR POOL
—— - |

Fig. 2: Olympic standard indoor swimming pool

Coliform bacteria concentration analysis: The water samples
of indoor and outdoor swimming pools were taken at
15-30 cm below the surface water'® according to the depth of
the sampling point involved at the pool. The sampling times
were conducted both during morning and evening and
sampled weekly on Sunday and Tuesday based on the
chlorine and cleaning schedule of both pools, to see how the
free chlorine can sustain and maintain in the swimming pool
from morning till evening and after the cleaning on Monday
and to see how chlorine content will affect the microbial
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concentrations in the pool. This research has more advance
study and different compare to the studies done by
Ekopai et a7 and Yedeme et a/'®, which both previous
studies only conducted the sampling and measurement for
the coliform colonies but not the chlorine concentrations
measurement at the pool as this research does. Furthermore,
unlike this research, in Ekopai et a/'” and Yedeme et a/'
sampling measurement is based on weekly basis (periodical
sampling) and for this research is on time basis (time-scale
sampling), where at this research the coliform colonies and



Asian J. 5ci. Res., 11 (4): 560-567, 2018

Fig. 3: Outdoor swimming pool for children

chlorine concentrations been measured twice a day during
morning and evening to determine how the free chlorine can
sustain and maintain in the swimming pool from morning till
evening. Sampling in this research also conducted along with
the existence of bathers or the swimmers in the pool
unlike''8. In this research it is also to identify the life span of
the supplied chlorine inside the swimming pool and to relate
their reactions towards the number of microbial colonies.

The method used in identification of faecal coliform and
E. colifromthe both indoor and outdoor swimming pools was
the membrane filter technique standard method by APHA'™
which will give a total coliform of colony forming unit (CFU)
per 100 mL of the sample?. The samples taken were analyzed
with the membrane filter technique by the membrane filter
unit which was wrapped with the aluminium foil and
sterilized. The membrane which was used for the filtration
was placed on the Membrane Lauryl Sulphate (MLS) media
culture on the Petri dish which was then putinto sterile. Then,
the Petri dish was incubated for approximately at the
temperature of 44+0.5°C for both faecal coliform and £. coli
After 24 h, colonies with yellow and pink colonies were
counted by using colony counter and the formula is at the
following:

Faecal coliform _  Number of coliformcoloniescount
(CFU/100 mL) ~ Volumeof original samplefilterd(mL )

100 (1)

Free chlorine content analysis: This study was carried out
from 11 November, 2016 till 28 November, 2017. The water
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samples of indoor and outdoor swimming pools were taken
for 4 months of samplings which were November, 2016,
March, 2017, July, 2017 and November, 2017 based on
alternate time range of sampling months and the research
done for total period of 1 year. These samples were analyzed
using the spectrophotometer Hach kit model HACH DR2800
using method 8021 with wavelength of 515 nm?'. The samples
taken from the pool were transferred to the cuvette about
10 mL and DPD free-chlorine powder pillow was added. The
procedures of using the spectrophotometer were followed
using the method in Fig. 4.

RESULTS AND DISCUSSION

As shown in Table 1 and 2 below show the results of
bacterial count on faecal coliform and £ co/i obtained using
APHA standard method Membrane Filter Technique. Based on
the National Water Quality Standards by the Malaysian
Department of Environment (DOE), none of the monitored
sampling points for both indoor and outdoor swimming pool
fulfilled the requirement of Class | quality with coliform counts
<10 CFU/100 mL although both pools are been treated and
disinfectant by chlorine by the operator. However, overall the
swimming pools of the sports complex were classified under
Class 1B with faecal coliform<400 CFU/100 mL, thatis suitable
for recreational use with body and physical contacts but not
for drinking purposes.

From the results, it showed the overall average
concentration of faecal coliform and £ co/i contents
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Powder pillows Method 8021

80 Chlorine, F and TPP I|
Stored programs | ‘ .
. | 1 .
{10 mL ’__
1. Pressstored programs 2. Select thetest 3. Blank preparation: Fill asquare 4. Wipethe blank and Insert it into
sample cell with 10 mL or samples the cell holder with thefill line
facing right
_— L
|
A v ~
s @ 10mL || Illll'l
Zero (:__ ‘__:) k‘“-—-h _Jl'l
10mL 00:20
Read
5. PressZero 6. Prepared sample: 7. Swirl the sample cell for 8. Within 1 min of adding the
The display will show: Fill asecond square cell with 20 sec to mix. reagent, insert the prepared
0.00mgL~Cl, 10 mL of sample sampleinto the cell holder
A pink color will develop if with the fill line facing righ.

Add the contents of one DPD chlorine is present. Proceed to

free chlorine powder pillow to strp 8 immediately Press Read.

the sample cell Resultsareinmg L~ Cl,

Fig. 4: Procedure of using spectrophotometer HACH DR2800
(Source: HACH DR2800 manual, 2017)

Table 1: Faecal coliform (CFU/100 mL) for indoor and outdoor swimming pool sports complex
Faecal coliform count (CFU/100 mL)

Outdoor Pool Indoor Pool
Sampling months Morning Evening Morning Evening
1 266+64.65 92+38.89 861+01.41 65+28.99
2 98+38.18 191£67.70 187£82.23 73%43.13
3 471+36.65 431+14.85 29+14.14 18+£55.15
4 39+27.58 15%07.78 6+£04.24 26+02.82

Table 2: £scherichia coli (CFU/100 mL) for indoor and outdoor swimming pool sports complex
E. coli count (CFU/100 mL)

Outdoor pool Indoor pool
Sampling months Morning Evening Morning Evening
1 113£57.40 241+03.54 32+07.07 24+08.49
2 431+18.38 82%19.80 691+41.22 30%29.70
3 29+24.04 11£12.73 21+03.54 5155.86
4 91+16.26 0+00.00 0%00.00 41£06.36

in outdoor pool were recorded as follow  the Class IIB standard. Whereas indoor pool were recorded
98.88+2.51 CFU/100 mL for faecal and at 61.25229.70 CFU/100 mL for faecal coliform and
38.88+18.18 CFU/100 mL for £ coli which was under  20.75%2.73 CFU/100 mLstillin the range of permissible limit.

564



Asian J. Sci. Res,, 17 (4): 560-567, 2018

2.0~
1.8 1
164
144
124
1.0
0.8
0.6
0.4
0.2
0.0

O Morming
@ Evening

I

Free chlorine concentration (mg L)

wm

Sampling months

Fig. 5: Free chlorine concentrations in outdoor swimming
pool (Mean=SE)

2.0 [0 Moming

1.8 4 O Evening
1.6
1.4 4
1.2
1.0
0.8
0.6 4
04+

0.2 1 _T_
0.0 T T T 1
2 3
Sampling months

1

——

Free chlorine concentration (mg L")

Fig.6: Free chlorine concentrations in indoor swimming pool
(Mean=SE)

It can be seen that the faecal coliform and £ co/i contents are
much higher in outdoor swimming pool compare to indoor
pool. It is believe due to the free chlorine concentrations in
outdoor swimming pool are low as shown in Fig. 5 and 6 and
most of the readings are below the minimum permissible limit
set by the National Swimming Pool Foundation (NSPF)2? which
must be above 1 mg L=" have caused higher contaminations
of faecal coliform and £ coli at the outdoor pool. Itis recorded
the overall average free chlorine concentrations in outdoor
pool was at 0.49%0.13 mg L=' and for indoor pool at
1.069£0.59 mg L. This indicates that the chlorine contents
in outdoor swimming pool were insufficient to disinfect
microbial bacteria thus have caused higher bacteria coliform
in the outdoor pool?. It can also be said that the outdoor pool
is unhygienic which harmful bacteria, algae and other
microbes can quickly multiply in water because of lack
cleansing ability due to the lower concentrations of chlorine?,

The comparison between the growth of both faecal
coliform and £ coli for morning and evening, where the
morning has higher growths for both microbial
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bacteria for both indoor and outdoor pool with overall
average of 94.75+0.35 CFU/100 mL for faecal coliform and
37.13%0.13 CFU/100 mL for £ colj compared to the evening
recorded at 65.38+0.67 CFU/100 mL for faecal coliform and
22.50%+0.03 CFU/100 mL for £ coli. From the observation, in
the morning both pools indoor and outdoor have higher
swimmers compared to evening as the swimming lesson
normally scheduled in the morning. In Osei-Adjei et a/?
stating that a swimming pool may be infected with
pathogenic microorganisms entering the pool either directly
or indirectly through contaminated human or animal
excrement such as feces and urine from the swimmers. At the
same time, in the morning chlorine content is just starting to
be pumped into the swimming pool causing their disinfectant
reaction with the microbial bacteria slow compared to the
evening. This explained the concentrations of free chlorine in
the evening much lower compared in the morning as most of
the chlorine has been used for disinfection reaction purposes
causing the microbial bacteria counts decreases in the
evening. Decreasing of free chlorine concentrations in the
swimming pool can also be related to human body excretions
that continuously accumulate in the pool that was decreased
the chlorine in the evening compared to the morning??” as
shown in Fig. 5 and 6.

Higher number of swimmers means that the amount of
contaminations introduced in water will increase due to the
organic and inorganic material significantly increased with
number of swimmers?. The reduction of free chlorine in
evening can also be due to the demand of chlorine amount
consumed by oxidation or substitution reactions with
inorganic and organic materials, such as H,S, Mn?*,NH;, amino
acids, proteins and carbohydrates from surrounding. Besides
Guidaa et a/* added that at the range of 0.094-16 mg L~ of
total organic compound (TOC) which is 99.4% is actually
related to number of swimmers. High number of swimmers in
the swimming pool causing higher amount of TOC in the
water. In addition, it also reported that the swimming pool
water contained higher levels of organic compounds
compared to TOC in tap water, which is due to the human
inputs®. The presence of high TOC levels in raw water
supplies produce undesirable effect where it reacts with
chlorine causing an in-effective for disinfection®'. When the
concentration of free chlorine is too low, the risk for bacterial
growth and infection disease to swimmers will increase
because the concentration of chlorine is not enough to
eliminate the microorganisms in the pool. Based on Fig. 5 and
6, for both indoor and outdoor swimming pool, the reading
obtained for free chlorine concentrations in the morning are
above the minimum NSPF limit (1.0 mg L™") and still in the
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range of permissible limit. However in evening, the free
chlorine concentrations for most of the sampling months have
decreased until below the minimum permissible limit.

CONCLUSION

It can be concluded that the concentration of both faecal
coliform and £ coli were detected higher in outdoor
swimming pool compared to indoor pool. Apart from that,
there is a different in the microbial bacteria growth in the
morning which is recorded higher compared to morning.
Overall concentrations for both faecal coliform and £ co// in
this study comply the Interim National Water Quality
Standards for Malaysia under class IIB for Recreational use of
body contact which only allowed 400 colonies per 100 mL. For
thefree chlorine content, itisfound that the indoor swimming
pool is more hygienic and cleaner to swim compared to the
outdoor pool as the chlorine at outdoor pool recorded way
lower than the minimum permissible limit by NSPF.

SIGNIFICANCE STATEMENTS

This study discovers the possible existence and life span
of chlorine contents inside treated swimming pool sports
complex that is used not only for adult but also for children.
The data from this study is beneficial for developing database
and the standard on how much exactly the amount of chlorine
concentrations that need to be put inside the swimming pool
by the operator as till now there is no right amount or no
proper standard from the government or policy makers to
avoid excessive chlorine thus higher bacteriain the swimming
pool.

REFERENCES

1. Indabawa, LI, S. Ali and M.D. Mukhtar, 2015. Assessment of
microbiological and physicochemical quality of some
swimming pools with in Kano metropolis, Kano, Nigeria.
Proceedings of the 3rd International Conference on
Biological, Chemical and Environmental Sciences, September
21-22,2015, Kuala Lumpur, Malaysia, pp: 42-46.

2. Rasti, S, M.A. Assadi, L. Iranshahi, M. Sa ari, H.R. Gilasi and
M.Pourbabaee, 2012. Assessment of microbial contamination
and physicochemical condition of public swimming pools in
Kashan, Iran. Jundishapur J. Microbiol., 5: 450-455.

3. Eze, V.C, CE. Onwuakor and A.L. lkwegbu, 2015.
Microbiological and physicochemical characteristics of
swimming pool water in Owerri, Imo State, Nigeria. J. Applied
Environ. Microbiol., 3: 6-10.

566

4,

Peng, D., F. Saravia, G. Abbt-Braun and H. Horn, 2016.
Occurrence and simulation of trihalomethanes in swimming
pool water: A simple prediction method based on DOC and
mass balance. Water Res., 88: 634-642.

Teo, T.LL, HM. Coleman and S.J. Khan, 2015. Chemical
contaminants in swimming pools: Occurrence, implications
and control. Environ. Int., 76: 16-31.

Plewa, M.J., E.D. Wagner and W.A. Mitch, 2011. Comparative
mammalian cell cytotoxicity of water concentrates from
disinfected recreational pools. Environ. Sci. Technol.,
45:4159-4165.

Richardson, S.D., D.M. DeMarini, M. Kogevinas, P. Fernandez
and E. Marco et al/, 2010. What's in the pool? A
comprehensive identification of disinfection by-products
and assessment of mutagenicity of chlorinated and
brominated swimming pool water. Environ. Health Perspect.,
118: 1523-1530.

Edzwald, J., 2011. Water Quality and Treatment: A Handbook
on Drinking Water. 6th Edn., McGraw-Hill, New York.
Fischer, K., E. Fries, W. Korner, C. Schmalz and C. Zwiener,
2012. New developments in the trace analysis of organic
water pollutants. Applied Microbiol. Biotechnol., 94: 11-28.
Florentin, A., A. Hautemaniere and P. Hartemann, 2011.
Health effects of disinfection by-products in chlorinated
swimming pools. Int. J. Hygiene Environ. Health,
214:461-469.

. Hunter, AJ., D.E. Northup, C.N. Dahm and P.J. Boston, 2004.

Persistent coliform contamination in Lechuguilla cave pools.
J. Cave Karst Stud., 66: 102-110.

. Yue, E., H.Bai, L. Lian, J. Li and E.R. Blatchley lll, 2016. Effect of

chloride on the formation of volatile disinfection byproducts
in chlorinated swimming pools. Water Res., 105: 413-420.
Akeju, T.0., 2015. Enumeration of coliform bacteria and
characterization of Escherichia coli isolated from Staff Club
swimming pool in lle-Ife, Nigeria. Microbiol. Res., Vol. 6.
10.4081/mr.2015.5972.

Mossel, D.A, 1986. Microbiological markers for
swimming-associated infectious health hazards. Am. J. Public
Health, 76:297-297.

Mood, EW., 1977. Bacterial Indicators of Water Quality in
Swimming Poolsand theirRole. In: Bacterial Indicators/Health
Hazards Associated with Water, Hoadley, A.W. and B.J. Dutka
(Eds.). ASTM International, USA., pp: 239-246.

Seys, S.F., L. Feyen, S. Keirsbilck, E. Adams, L.J. Dupontand
B. Nemery, 2015. An outbreak of swimming-pool related
respiratory symptoms: An elusive source of trichloramine in
a municipal indoor swimming pool. Int. J. Hyg. Environ.
Health, 218:386-391.

Ekopai, J.M., N.L. Musisi, H. Onyuth, B.G. Namara and C. Sente,
2017.Determination of bacterial quality of waterin randomly
selected swimming pools in Kampala city, Uganda. New
J. Sci., Vol. 2017.10.1155/2017/1652598.



18.

19.

20.

21.

22.

23.

24.

Asian J. Sci. Res,, 17 (4): 560-567, 2018

Yedeme, K, M.H. Legese, A. Gonfa and S. Girma, 2017.
Assessment of physicochemical and microbiological quality
of public swimming pools in Addis Ababa, Ethiopia. Open
Microbiol. J., 11: 98-104.

APHA., 2005. Standard Methods for the Examination of Water
and Wastewater. 21st Edn, American Public Health
Association/American Water Works Association, Washington,
DC,, USA.

Payus, C.and U.Nandini, 2014. The presence of total coliform
and fecal coliform in the private beach resort of Sabah.
Borneo Sci., 34: 1-5.

Simard, S., R. Tardif and M.J. Rodriguez, 2013. Variability of
chlorination by-product occurrence in water of indoor and
outdoor swimming pools. Water Res., 47: 1763-1772.

WHO., 2006. Guidelines for Safe Recreational Water
Environments: Swimming Pools and Similar Environments.
Vol. 2, World Health Organization, USA. ISBN:
9789241546805, Pages: 118.

Zwiener, C,, S.D. Richardson, D.M. de Marini, T. Grummt,
T. Glauner and F.H. Frimmel, 2007. Drowning in disinfection
byproducts? Assessing swimming pool water. Environ.
Sci. Technol., 41: 363-372.

Yang, L., C. Schmalz, J. Zhou, C. Zwiener, V.W.C. Chang, L. Ge
and M.P. Wan, 2016. An insight of disinfection by-product
(DBP) formation by alternative disinfectants for swimming
pool disinfection under tropical conditions. Water Res.,
101:535-546.

567

25.

26.

27.

28.

29.

30.

31.

Osei-Adjei, G., SK. Sarpong, E. Laryea and E. Tagoe, 2014.
Bacteriological quality assessment of swimming pools in the
Osu-Labadi Area, Accra. J. Natl. Sci. Res., 4: 126-129.

Kanan, A. and T. Karanfil, 2011. Formation of disinfection
by-products indoor swimming pool water: The
contribution from filling water natural organic matter and
swimmer body fluids. Water Res., 45: 926-932.

De Laat, J., W. Feng, D.A. Freyfer and F. Dossier-Berne, 2011.
Concentration levels of urea in swimming pool water and
reactivity of chlorine with urea. Water Res., 45: 1139-1146.
Catto, C, S. Sabrina, C.T. Ginette, R. Manuel and T. Robert,
2012. Occurrence and spatial and temporal variations of
disinfection by-products in the water and air of two indoor
swimming pools. Int. J. Environ. Res. Public Health,
9:2562-2586.

Guida, M., F. Galle, M.L. Mattei, D. Anastasi and G. Liguori,
2009. Microbiological quality of the water of recreational and
rehabilitation pools: A 2-year survey in Naples, Italy. Public
Health, 123: 448-451.

Bello, 0.0., 0.0. Mabekoje, H.O. Egberongbe and T.K. Bello,
2012. Microbial qualities of swimming poolsin Lagos, Nigeria.
Int. J. Applied, 2: 89-96.

Uyan, ZS., S. Carraro, G. Piacentini and E. Baraldi, 2009.
Swimming pool, respiratory health and childhood asthma:
Should we change our beliefs? Pediatric Pulmonol.,
44:31-37.

in



	AJSR.pdf
	Page 1


