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ABSTRACT

Swimming pools being some of the popular sportecerdre able to potentially receive some pollutasush as
nasal secretions, saliva and urine and endangetedth of swimmers. The aim of this study waseterchine the
chemical, biological and physical quality of swimgpipools in Maragheh city. This research was a s+&sctional
study. Totally, 120 water samples were collectethffive public swimming pools in Maragheh, Iranchbial and

physicochemical conditions were examined accortbrfpe standard method. The average of residualreie and
pH in pools was 0.93#0.51 mg/L and 7.340.69, respety. The maximum and minimum of pH were 8.1 &88

and for residual chlorine were 2.06 and 0.24 mgésgectively. Out of 120 water samples examined,75%o)

conformed to the microbiological standards spedifiand 30 (25%) exceeded at least one of the itetichmits.

The positive samples contained at least one orraktyes of bacteria. Results indicated that Seas had the
highest percentage frequencies while the least exaibited by E. coli. It is recommended that healtithorities
should pay more attention to cleaning and disinfiggtto prevent infectious disease transfer assulteof contact
with contaminated swimming pool.
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INTRODUCTION

Water occupies about 70% of the earth surface srmbmsidered the largest natural resource aroufld. ushe
importance of water includes drinking, washing, king, swimming, and also cooling the ecosystem[2jerefore,
its importance to humans cannot be overlooked.ilspite of the awareness to safeguard our wattegs,esource
is still contaminated by pathogenic microorganisshsfwimming is an active and healthy way to spéeeé time
and is one of the popular activities in Iran[4f.i$ also interesting and all friendly as a pubdigort and
recreation[5]. cause various illness in public Ipoand expose bathers to diseases[6]. Nowadaysnraigig in
public pools has been recognized as one of the mgmrtant illness or infection transmission chehin the
world[7]. The risk of various diseases related wonsming in pools has been associated with contarethavater
due to body shedding of bathers includes bodyd$lusuch as urine, blood, saliva or vomit, haireask of
respiratory, digestive, and genital bacteria, attér harmful bacteria from skin[8-10]. A varietlyroicroorganisms
can be found in swimming pools, which may be intrcet] in the pool water in a number of ways[11, I2jnany
cases, the risk of illness or infection has beekeld to faecal contamination of the water, dueatecés released by
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bathers or a contaminated source water or, in autdools, may be the result of direct animal coriteation[13,
14]. Microorganisms detectable in swimming poolatev usually originate from the skin, mucous memésa
clothing and faeces released by swimmers[15]. Quimi@tion can also come from pets especially dogg th
occasionally wander around these swimming poolselkas from debris already around the propertigs[h this
study, we determined the microbial and physiochami@ter quality of five public and private swimrgipools in
the maragheh city-iran and compared the paramtgettse World Health Organization standards for eational
waters.

MATERIALSAND METHODS

A cross-sectional study was conducted in five imd@@imming pools of maragheh city in northwest i@nl. This
study was conducted between January to March, 2Bé&fore sampling a pre tested data collection vaenee
through the direct observation of the environmdrthe selected swimming pools, interview with swimgpool
operators to get information on the average nurobswimmers, swimming bathing loads and averagegagep of
pool users. The operators of the swimming poolsewadso interviewed for information about recycliofythe
swimming pool water, treatment methods of swimnpogl water and disinfection and type of chlorinedis

Researchers decided to take 24 samples from eaaimsng pool and 120 samples in total. 120 specimene
collected in the morning and the evening in theX€@bm top, shallow and deep level for testing mwixal by
sterilized bottles and were immediately transfetethe lab. There were also 120 samples for gstiremical and
physical water quality such as temperature , Plbricte residual, color, turbidity, dissolved oxygdrardness. All
samples were placed in cold storagé@dimmediately after sampling.

Temperature, PH, chlorine residual, turbidity, diged oxygen were measured in situ. Alkalinity wietermined
by titration with sulfuric acid to a pH of 4.5. Hiress was determined by titration with a chelatggnt,
ethylenediaminetetraa- cetic acid (EDTA) and Erioche Black T as indicator.

All the sampling and analysis were carried out atiog to the standard water and wastewater expeatsrend the
approved guidelines for microbial quality assessnwnswimming pool water which have been published
Institute of Standards and Industrial Researchraf. Thus, HPC bacteria, count of total coliformdaE. coli,
intestinal enterococci, and P. aeruginosa wereddarbe 5271, 3759, 3620, and 8869, respectivesipgunational
standard methods(17-20). The parasitic quality 8xdaurous were measured (microscope, Nikon modadel, a
centrifuge Hettich model purchased from Japan) raicg to the methods approved by Institute of Stads and
Industrial Research of Iran.

RESULTS

The total of 30 samples, all selected swimming pdal the maragheh were investigated. all of thectet
swimming pools had a bathing loa00 per day. It was observed from the study thiathal swimming pools
operators claim to disinfect their pool water withorine; but majority (20%) of the pool operatonocinated their
pools manually with powdered chlorine. All swimmipgols were free from floating material during \aBits and
were clean during the sampling period.

The results of physico-chemical parameters in findoor swimming pool water in maragheh city showteat the
average of temperature was 28.02°C and the mininanch maximum temperature were 25.2 and 31.85 °C,
respectively. As depicted in Table 1, the averageesidual chlorine and pH in pools was 0.93+008d/L and
7.31£0.69, respectively. The maximum and minimunpbfwere 8.1 and 6.95 and for residual chlorine w06
and 0.24 mg/L respectively.

Out of 120 water samples examined, 90 (75%) corgdrto the microbiological standards specified ibl&d., and
30 (25%) exceeded at least one of the indicateitsliffhe positive samples contained at least oreewveral types
of bacteria. The most important isolated types werecoli, Clostridium perfringens, Staphylococcusreas,
Pseudomonas aeruginosa and Klebsiella pneumoniagi@ples). Figure 1 shows the percentage frequemndie
isolates obtained in this study: Enterobacter ammeg (40%), Clostridium perfringens (25%), Kleltaipneumonia
(30%), Escherichia coli (20%), Pseudomonas aersgir(65%), Staphylococcus aureus (80%) and Entezasoc
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faecalis (40%). This indicated that S. aureus hachighest percentage frequencies while the leastexhibited by

E. coli.

Table 1. Mean and standard deviations values of physico-chemical parameters of studied pools

ameters . . Temperature| . Alkalinity
Code residual chlorine (mg/L), pH o Turbidity NTU mg/l (Caca) hardness mg/(Cacag)
1 0.91+0.3! 7.42+0.6! | 25.83+1.7. 0.95+0.4: 125+17.! 215+59.!
2 0.53+0.2! 7.17+0.8: 27.5+0.4: 0.74+0.2! 142+45.. 234+78.¢
3 1.12+0.69 7.44+0.59 29.2+1.5 0.81+0.65 114.5+65.7 198.4+51.6
4 1.35+0.71 7.25+£0.48| 27.8+0.95 1.24+0.48 95.6+39.5 179.4+41.7
5 0.76+0.52 6.25+0.92| 29.84+1.85 1.12+0.37 154.5+45.8 265.5+92.4
Total Average and SO 0.93+0.51 7.3+0.69 | 28.02+1.29 0.972+0.44 126.3+42.74 218.38+64.72
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Fig. 1: Percentage (%) bacterial contamination of the surveyed svimming pools
DISCUSSION

In this study, physico-chemical parameters wereeloar higher than standard levels, so it is necgdsapay more
attention to the physico-hemical parameters. Tha water pH was at range of 6.95 to 8.1 and theasmeepH over
the sampling period was 7.3 £ 0.69. Although, thp getween minimum and maximum values was highalsat
standard deviation is 0.69 units. According to eliites, the recommended pH for swimming pool witét.2 to 8
ranges(21). Low pH of water can resulted in com®siature of water, skin and eye irritation, logstdorine, and
skin stains in swimmers(22). In order to preverg gyitation, the national standards recommendatliththe water
pH range from 7.2 to 8, free residual chlorine $tidae 0.5 to 2 mg/L and at range of pH 7.5 to the,amount of
free residual chlorine should be 0.6 mg/L(21). tegent study, the mean of free residual chlorimezentration was
0.93 £ 0.51 mg/L, hence it was lower than the maticctandard value. In our study, the main reagdowe free
chlorine residual were chlorination defect, pregemaenmonia nitrogen and organic matter. About 1 rrgk
chlorine residue is sufficient to reduce Eschesckbli, Legionella pneumophila, Pseudomonas aeosgin
Staphylococcus aureus, and Candida(23). So, thase avpositive relationship between the levels afrotial
parameters and physicochemical conditions(24).ak shown that the swimming pools with particulasiddility
of physicochemical parameters (especially, fre@riid level) had a sufficient condition in termimicrobial
quality(25).

In the current study, 35% of the samples were pesior bacteria, and different types of bactenauding E. coli,
Proteus, Acinetobacter, P. alcaligenes, P. aerggiaod K. pneumonia were isolated. In study in Gxe82.9% of
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the samples were contaminated and resistant baciech as P. alcaligenes, Staphylococcus aureagriginosa
and K. pneumonia were isolated (9).

Garrido Mata et al (26) in 2013 in Portugal, sardpldferent areas (such as surfaces, showers,ataonell as the
pool and Jacuzzi water of a hotel, and observedd@ol bacteria such as E. coli, Pseudomonas anghgiacoccus
in their samples. Also, in a study conducted byaBal et al (27). about health indices of water imla swimming
pools, showed that the total coliform, heterotrogblate count (HPC), and Pseudomonas aerugino$@ém 11.6%
and 21.1% of the samples were more than standesgectively. In Hutcheson et al (28) study in Gegrg2% of
the samples contained E. coli and PseudomonasieBhéis of this study are in line with the resoltother studies;
however, the percentage of bacterial contamingts9o) was less than other studies. This resultcatds better
hygiene control in the swimming pools of Maragheh.

CONCLUSION

According to the results presence of bacterial amirtation may be related to hygiene level of poatswell as
physico-chemical parameters especially residuarete. In this study, physico-chemical parameteesewower or
higher than standard levels, so it is necessapatomore attention to the physico-chemical pararagtspecially
residual chlorine, by the managers of swimming gobi general, monitoring of physico-chemical paeters in
swimming pools can play an important role in cohtrffigpathogens.

REFERENCES

[1] Dindarloo K, Soleimani Ahmadi M, Zare Sh, Abdi Heidari M. Journal of Hormozgan University of Medical
Sciences2006; 9(1): 41-6.

[2] Mahdinejad MH.Journal of Gorgan University of Medical Scienc2@03; 5(2): 89-95.

[3] Blandson BBol Asoc Med PR991; 83(5):181-184.

[4] Zangiabadi A, Aali R, Ghanbari R, Zarei #ournal health systen2011;6(4):800-9.

[5] Barben J, Hafen G, SchmidlCyst Fibros2005; 4(4): 227-31.

[6] Kohlhammer Y, Doring A, Schafer T, Wichmann HE, kt&th J.Allergy 2006;61(11): 1305-9.

[7] Florentin A, Hautemaniere A, Hartemannift.J Hyg Environ Healtl2011; 214(6): 461-9.

[8] Schets FM, Schijven JF, de Roda Husman Al&ter Re®011; 45(7):2392-400.

[9] Papadopoulou C, Economou V, Sakkas H, Gousia Mmn@kopoulos X, Dontorou C, and et hit. J. Hyg.
Environ.Health2008; 211: 385-397.

[10]Rabi A, Khader Y, Alkafajei A, Agoulah AAnt J Environ Res Public Heal?007; 4(4): 301-6.

[L1]Nikaeen M, Hatamzadeh M, Vahid Dastjerdi M, Hassdleh A, Mosavi Z, Rafie MJ Isfahan Med School
2010; 28(108): 346-56.

[12]Rigas F, Mavridou A, Zacharopoulos it J Environ Health Re$998; 8(3): 253-60.

[13]Hajjartabar MWater Sci Technd004; 50(1): 63-7.

[14]Tesauro M, Bianchi A, Consonni M, Bollani M, CesaM, Trolli F. Ann 1g; 2010; 22(4): 345-355.
[15]Cappello M.J Environ Health2011;73(7): 19-25.

[16]Martins MT, Sato MIZ, Alves MN, Stoppe NC,Prado VBanchez PSVater Red4995; 29(10): 2417-20.

[17] Institute of Standards and Industrial Research Imain (ISIRI). 1996. p. 3759. Available from:
http://www.isiri.org/Portal/Home/

[18]Institute of Standards and Industrial Reseaothlran (ISIRI). National Standard of IraP006. p. 8869.
Available from: http://www.isiri.org/Portal/Home/Deult

[19] Institute of Standards and Industrial Redearof Iran (ISIRI).2000. p. 5271. Available from:
http://www.isiri.org/Portal/Home/Default

[20] Institute of Standards and Industrial Researchirari (ISIRI). 1995. p. 3620. Available from: http://www.
isiri.org/Portal /Home/Default

[21]Salvato J. Environmental engineering. 5 th ed. Newsey: John Wiley and sons. 12609.

[22] Nanbakhsh H, Diba K, Hazrati Tapeh KhKurdistan Univer Med Sc2005;10:4-15.

[23]Ghaneian MT, Ehrampoush MH, Amrollahi M, Dehvari Mgmshidi B.J Shahid Sadoughi Univ Med Sci.
2012;20(3):340-49.

[24]AWWA, ASCE. In: Baruth EE, editor. Water Treatmé&tant Design. 4 th ed. New York: McGraw HEDO5.
[25]Barikbin B, Khodadadi M. An Investigation on Physibemical and Microbial Water Quality of Swimming
Pools in BirjandUniversity birjand of medical scienc2005;12(4):84-9.

41
Scholars Research Library



Davoud Balarak et al Arch. Appl. Sci. Res., 2016, 8 (5):38-42

[26]Garrido Mata MS, Rocha Nogueira JM, Heitor AM. Itd&gation and characterization of microbiologidtizal
points in swimming-pool surfaces. Fifth Internatid Conference Swimming Pool & S@E2@13 April 9-12;
Roam, ltaly. Istituto Superiore di Sanit2Q13.

[27]Zazouli MA, Mahdavi Y, Moradi Golrokhi M, Balard®. Univ Raf Med Sci2014;13(11): 1040-1049.
[28]Hutcheson C, Cira R, Gaines SL, Jones KR, Howard Hafnsby D, et al2012. Morbidity and Mortality
Weekly Report (MMWR2013; 62(19): 385-8.

42
Scholars Research Library



