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Summary: Man is by living in urban areas, exposed
to a variety of factors that directly or indirectly affect
its health, living conditions and the only life. People
feel a lack of spatial freedom, a growing number of
nervousness, depression, accidents in traffic, deformi-
ties, degenerative diseases, etc.. To prevent all this,
one must increasingly move because certain physical
activities increase the functional capability of all organ
systems. Swimming is a physical activity that is at the
effectiveness of the head, and a significant number of
people, temporarily or permanently, to use swimming
pools. Recreational activities at the pools could endan-
ger health, so it is necessary to the proper management
of the pools, to the negative impact of reduced to the
smallest possible measure. Tests confirmed that the
quality of the water depends on the proper disciplinary
proceeding purification and disinfection of water, de-
pending on the workload of the pool, the implementa-
tion of appropriate sanitary-hygienic measures and user
behavior as a contributory factor to water pollution.
Keywords: quality, risk, rizki, microorganisms, chemi-
cals

INTRODUCTION

The need for recreation as one of the ways to main-
tain psycho-physical health and performance is an essen-
tial need of modern man because it was determined that
a man by living in the wider or narrower community, es-
pecially in large, urban areas, exposed to a variety of fac-
tors that directly or indirectly affect its health and living
conditions, his ability to work and the only life. In both
the amended working and residential environment with
depleted physical and nervous condition, with no pos-
sibility for an appropriate active and passive relaxation,
people feel a lack of spatial freedom. A growing number
of anxiety, depression, trauma traffic, respiratory disease,
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Sazetak: Potreba za rekreacijom kao jednim od nacina
odrzavanja psihofizickog zdravlja i radne sposob-
nosti, je bitna potreba savremanog Covjeka. Znacajan
broj ljudi, povremeno ili stalno, koristi u te svrhe ba-
zene. Medutim, rekreativne aktivnosti na bazenima,
mogu da ugroze zdravlje, od kojih je rizik obolijevanja
prouzrokovan mikrobioloskom i hemijskom kontami-
nacijom vode bazena najveci, tako da je neophodno
odgovarajuce upravljanje bazenima kako bi se taj uti-
caj sveo na $to manju mjeru. Cilj ovog rada je da se
ispita higijenska ispravnost i kvalitet vode otvorenih
bazena SRC ,,Fortuna® u periodu 2015 i 2016. godine
i na osnovu rezultata ispitivanja procijeni bezbjednost
korisnika bazena. Ispitivanjima je utvrdeno da je voda
bezbjedna za kupanje, ¢ime je potvrdena uspostavljena
radna hipoteza “da kvalitet vode u bazenima zavisi od
pravilno vodenog postupka precis¢avanja i dezinfekcije
vode u zavisnosti od opterecenosti bazena, provodenja
odgovarajucih sanitarno-higijenskih mjera i ponaSanja
korisnika kao doprinosnih ¢inioca onecis¢enja vode”.
Kljuéne rijeci: kvalitet, opasnost, rizk, mikroorganiz-
mi, hemikalije

Uvop

Potreba za rekreacijom kao jednim od nacina odrza-
vanja psihofizickog zdravlja i radne sposobnosti je bitna
potreba savremenog Covjeka jer je utvrdeno da covjek zi-
vje€i u $iroj ili uzoj zajednici, pogotovo u ve¢im, urbanim
sredinama, izloZen dejstvu razliCitih faktora koji direktno
ili indirektno uticu na njegovo zdravlje i zivotne uslove, na
njegovu radnu sposobnost i na samo trajanje zivota. U tako
izmijenjenoj radnoj i stambenoj sredini, sa osiromasenom
tjelesnom i nervnom kondicijom, bez mogucnosti za od-
govaraju¢im aktivnim i pasivnim odmorom, ljudi osjecaju
nedostatak prostorne slobode. Raste broj nervoza, depresija,
traumatizma u saobracaju, oboljenja respiratornih organa,
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deformity, especially in children, degenerative diseases,
etc. Less physical activity leads to degenerative changes
in bone and joint and muscle systems, weakening of the
function of the respiratory and cardiovascular systems,
atherosclerosis because of precipitation of excess fatty
substances, metabolism disorders, reducing the amount
of protective immune substances against infectious dis-
eases and cancer, increase in the amounts of free radicals,
etc. . To prevent all this, one has to sit less and must be all
the more moving because certain physical activities in-
crease the functional capability of all organ systems and
thus preserve and promote health, (Biberovi¢, 2005). A
significant number of people temporarily or permanently,
to use swimming pools.

In addition to its primary purpose as a function of
the user of the pool, there are unintended contradictions,
because the recreational activities at the pools, but also
use for the purposes of treatment and recovery can en-
danger health, so it is necessary to the proper manage-
ment of the pools, to the negative impact of reduced what
lesser extent, (Dalmatia, 2001).

Each type of the well has a variety of potential prob-
lems associated with its operation and use, that is, users
may be exposed to slightly different hazards or different
degrees of the risk of the same need to fear, (Antonic,
2014). They are used by people of all ages and differ-
ent physical abilities. Some user groups are exposed to
potential dangers than others. A typical example of the
children, increasing the risk of injuries for them them-
selves and other road users due to their often uncontrol-
lable exuberance and desire to excel and attract attention.
Children are also usually too disregard the rules of safety
and hygiene. Culture and self-discipline swimmers are
contributory factors to their safety, (Kurtovic, 2008).
Realization approach to quality control of such a system
includes adequate care of water quality, which was the
subject of this study, system, facilities, inspection im-
mediate and wider environment, and the implementation
of measures to protect bathers’ health, and those reasons
must access control of critical points all the facilities for
recreation, at all levels and at all times, (Dalmatia, 2001).

Pool water has to be unsafe for swimmers, no con-
tent of micro-organisms, parasites and chemicals, which
alone or in combination with other substances present a
risk to consumers’ health pools, (SL.gl.RS, No.68, 2014).
In order to preserve the health of bathers, in all parts of
the pool must be provided with sanitary-technical and
hygienic conditions which prevent the transmission of
infectious disease agents and eliminate other causes that
can harm the health of users of the pool. Users pools abide

deformiteta, narocito kod djece, degenerativnih oboljenja
itd. Sve manje fizickih aktivnosti dovodi do degenerativ-
nih promjena kostano-zglobno-misi¢nog sistema, slabljenja
funkcije respiratornog i kardiovaskularnog sistema, aterio-
skleroze zbog talozenja suviska masnih materija, poreme-
¢aja u metabolizmu, smanjenja koli¢ine odbrambenih imu-
nih materija protiv zaraznih bolesti i raka, porasta koli¢ine
slobodnih radikala i dr. Da bi se sve to sprijecilo, covjek
mora sve manje sjediti 1 mora se ponovo sve vise kretati,
jer odredene fizicke aktivnosti povecavaju funkcionalnu
sposobnost svih organskih sistema i time ¢uvaju 1 unapre-
duju zdravlje (Biberovi¢ i Mackovi¢, 2005), te znacajan
broj ljudi, povremeno ili stalno, u te svrhe koristi bazene.
Propagatori zdravstvenih vrijednosti plivanja uglavnom su
jedinstveni u stavu da se Citav niz urodenih i steCenih tje-
lesnih deformiteta moze djelimicno ili potpuno otkoloniti
sportsko-rekreativnim aktivnostima, a naro€ito plivanjem.
Tako npr. kod skolioze (iskrivljenje ki¢me ustranu), koje na-
staju usljed naglog rasta djeteta — plivanje je gotovo jedina
terapija. Kod djece koja su u dojenackom dobu preboljela
rahitis i kod kojih su ostali znakovi ovog oboljenja na grud-
nom kosu (tzv. kokosije grudi i izvijena rebra), plivanjem
se ojacava grudna muskulatura, Sto djeluje na ispravljanje
kostanog sistema (Kurtovic, 2008).

Pored svoje osnovne nemjene u funkeiji korisni-
ka bazena, postoje i nezeljene suprotnosti, jer rekreativne
aktivnosti na bazenima, ali i koristenje u svrhe lijecenja i
oporavka mogu da ugroze zdravlje, tako da je neophodno
odgovarajuce upravljanje bazenima, kako bi se taj nega-
tivni uticaj sveo na $to manju mjeru (Dalmacija i Ivancev-
Tumbas, 2001). Svaki tip bazena ima razlicite potencijalne
probleme vezane za njegovo funkcionisanje i koristenje,
odnosno korisnici mogu biti izloZeni razli¢itim opasnostima
ili razli¢itim stepenima rizika od iste opasnosti. (Antonic,
Mihajlovi¢, Antoni¢, 2014). Koriste ih osobe svih godista
i razli¢itih fizickih sposobnosti. Pojedine grupe korisnika
izloZenije su potencijalnim opasnostima od drugih. Tipi-
¢an primjer su djeca, koja povecavaju rizik povreda za njih
sama i po ostale korisnike, zbog njihove, ¢esto, nekontroli-
sane zivahnosti i Zelje za isticanjem i privlacenjem paznje.
Djeca se, takode, obicno previse ne obaziru na pravila si-
gurnosti 1 higijene. Kultura i samodisciplina kupaca su do-
prinosni ¢inioci njihovoj bezbjednosti. Realizacija pristupu
kontroli kvaliteta takvih sistema, podrazumijeva adekvatnu
brigu o kvalitetu vode, $to je 1 bio predmet ovog ispitivanja,
sistemu, objektima, inspekciji uze i Sire okoline, kao i spro-
vodenju mjera zastite zdravlja kupaca, te se iz tih razloga
mora pristupiti kontroli kriti¢nih tacaka u svim objektima za
rekreaciju, na svim nivoima i u svako vrijeme.(Dalmacija
i IvanCev-Tumbas, 2001). Bazenska voda mora biti bezbi-
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by the house rules prescribed by the managing authority
pool (S1.gl.RS, No.68, 2014). The quality of the pool wa-
ter depends on the sanitary conditions higijenskuh opera-
tion and maintenance of the pool and the area around it,
but also the behavior of customers who need to comply
with specific hygiene rules (Antonic, 2014). Infectious
diseases that can be obtained by bathing may be differ-
ent with different symptoms depending on which way
pathogen entered the body. Swimming in inadequately
maintained pools in the summer, we usually get infected
by viruses from the group of enteroviruses. Pathogens
enter the body via the digestive tract by ingestion of wa-
ter through the lining or by inhaling an aerosol, (islands,
2001). Frequent contamination of pool water and water
in swimming pools with spas Fung nefekalnog origin
and cause of the fungal infection of the hair, nails and
skin. Infections of the skin of the foot (normally be-
tween prstiji), is described as’ tinea pedis “, or more fre-
quently,” athlete’s foot “. Symptoms include maceracu-
ju, cracking and peeling of the skin with intense itching
and unpleasant odors. Prevention of these phenomena is
customer education in the use of “sanitary wells” - dezo-
barijera, before entering the pool. (Dalmatia, 2001). As a
consequence of the water retention in the external voice
channel in summer as well as the effect of increased
expression in pools Psedomonasa expires, inflammation
of the external ear or the so-called. “Swimmer’s ear”.
The actual risk of the infectious disease in the major-
ity of cases is small, especially in healthy adults and
children of school age. Risk group, in which the risk of
infection increased by small children under three years
of age, especially infants, pregnant women, chronic pa-
tients with damaged immune systems. During his stay
in the pool should be limited to small children, because
they do not have a developed immune system, as is the
propensity to disease increased, and the manner of their
bathing favors the development of infections (choking
and swallowing water). On the other side is not advis-
able to swim in the pools for people who have skin and
venereal diseases, suffering from ear infections or the
conjunctiva (conjunctivitis) or inflammation of the up-
per airways. (Grapple, 2016). Chemical hazards in the
pool water can come from a number of sources, and are
the following: residues of disinfectants and products of
chemical reactions between them and the organic and
inorganic materials from water which are toxic (tri-
halomethanes), as well as those substances imported
strawberries from customers themselves (residues soap
, cosmetics, oils, sunbathing, etc.). Basically it is a der-
mal contact, direct ingestion or inhalation of aerosols

jedna za kupace, bez sadrzaja mikroorganizama, parazita i
hemijskih materija koje same ili u kombinaciji sa drugim
materijama predstavljaju opasnost za zdravlje korisnika ba-
zena (SL.gl.RS,br.68, 2014). Radi ocuvanja zdravlja kupaca,
u svim dijelovima bazena moraju biti obezbijedeni sanitar-
no-tehnicki i higijenski uslovi koji onemogucavaju preno-
Senje uzrocnika zaraznih bolesti i eleminiSu druge uzroke
koji mogu narusiti zdravlje korisnika bazena. (Danojevic,
Stoisavljevi¢, Balaban, 2009). Korisnici bazena pridrzavaju
se kué¢nog reda koji je propisao organ upravljanja bazenom
(SLgl.RS,br.68, 2014). Kvalitet bazenske vode zavisi od sa-
nitarno higijenskuh uslova funkcionisanja i odrzavanja ba-
zena i prostora oko njega, ali i od ponasanja kupaca koji se
moraju pridrzavati odredenih higijenskih pravila. (Antoni¢
i sar. 2014). Zarazne bolesti koje se mogu dobiti kupanjem,
mogu biti razliite i sa razli¢itim simptomima zavisno ko-
jim je putem uzro¢nik uSao u organizam. Kupanjem u ne-
adekvatno odrzavanim bazenima ljeti se najcesc¢e mozemo
zaraziti virusima iz grupe enterovirusa. Uzrocnici ulaze u
organizam preko probavnog sistema gutanjem vode, preko
sluznica ili udisanjem vodenog aerosola.(Dalmacija i Ivan-
ev-Tumbas, 2001). Cesta je kontaminacija bazenske vode
i vode u bazenima banja sa fungima nefekalnog porijekla, a
uzrok su gljivicnih infekcija kose, noktiju i koze. Infekcija
koze stopala (uobicajeno izmedu prstiji), opisana je kao ,,ti-
nea pedis“ ili esce ,,atletsko stopalo. Simptomi ukljucuju
maceracuju, pucanje i ljustenje koze sa intenzivnim svra-
bom i neprijatnim mirisima. Prevencija ovim pojavama je
edukacija kupaca u koristenju ,,sanitarnog bazencica“ — de-
zobarijera, prije ulaska u bazen (Dalmacija i Ivancev-Tum-
bas, 2001). Kao posljedica zadrzavanja vode u vanjskom
zvuénom kanalu ljeti, kao efekat povecanog prisustva Pse-
domonasa u bazenima isti¢e se upala spoljasnjeg uha ili tzv.
»plivacko uho®. Stvarni rizik od pojave navedenih zaraznih
bolesti u vecini slucajeva je malen, narocito kod zdravih
odraslih osoba i djece $kolskog uzrasta. Rizi¢ne grupa, kod
kojih j rizik od pojave infekcije veci su mala djeca do tri
godine starosti, naro¢ito dojencad, trudnice, hroni¢ni bole-
snici sa oSte¢enim imunolo$kim sistemom. Vrijeme borav-
ka u bazenu treba ograniciti za malu djecu, jer ona nemaju
razvijen imunoloski sistem, pa je sklonost oboljevanju veca,
a sam nacin njihovog kupanja pogoduje nastanku infekcije
(zagrcavanje i gutanje vode). Sa druge strane ne preporucu-
je se kupanje u bazenima osobama koje imaju kozne i polne
bolesti, koje boluju od upale uha ili spojnice oka (konjukti-
vitisa) ili upale gornjih disnih puteva. (Grabez i Rudi¢-Gru-
ji¢, 2016). Hemijski hazardi u bazenskim vodama mogu
da poti¢u od vise izvora, a isti¢u se: ostaci dezinfekcionih
sredstava i produkti hemijskih reakcija izmedu njih i organ-
skih 1 neorganskih materija iz vode koji su toksicni (triha-
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or volatile chemicals. When it comes to the application
of ozone, the risks of disinfection byproducts generated
are minimal, (Ivancev-Tumbas, 1998). Contributory
factors of the origination of trihalomethanes in the wa-
ter as nitrogen ingredients in the sweat and urine, which
can be found in the pool water (urea, ammonia, amino
acids, creatinine, etc.)., As a possible precursor of the
chlorinated by-products. (Ivanc¢ev-Tumbas, 1998). Tri-
halomethanes may occur in the air above the surface of
the pool water, thanks to its light volatility, typically an
elevated temperature and water turbulence caused by
movement of water recipients, (Antoni¢, 2016). Imput
in the reaction of precursors and chemical constituents
is dependent on the number of customers, urine, oil
residues, applied cosmetics, soap and so on. The forma-
tion of disinfection by-products, one can substantially
reduce the different measures: reduction in the intake of
precursors derived from the user via the body hygiene,
removing the precursor from its water treatment or by
dilution with fresh water and accurate disinfection pro-
cess, (Antoni¢, 2014).

Bearing in mind the remarks made, originated the
aim of this work to investigate the hygienic water qual-
ity and outdoor pools SRC “Fortuna” and based on the
results of tests assess the safety profile of the pool.

Based on the prominent problems and goals and
is the object of research, established and working hy-
pothesis:

R.H. “The quality of the water depends on the prop-
er disciplinary proceeding purification and disinfection
of water, depending on the workload of the pool, the im-
plementation of appropriate sanitary-hygienic measures
and user behavior as a contributory factor to water pollu-
tion.” Due to the set working hypothesis was formed and
auxiliary hypotheses:

P. H. “Failure to meet any of the proceedings of
the working hypothesis can not get the desired and ex-
pected quality and safety of water for swimming and
recreation.”

METHODOLOGY

Uzimnje water samples outdoor pools in RC “For-
tuna” Banja Luka, during the bathing season in the pe-
riod 2015 and 2016, carried out by representatives of the
Institute for Public Health of the Republic of Serbian
Banja Luka in the presence of the person responsible for
the operation of the pool, and included:

* The water filling the pool - entry,

* Preparation of water - clean, treated water and

*  Water from the pool, and comprised:

lometani), kao i one materije porijekolom od samih kupaca
(ostaci sapuna, kozmetike, ulja za suncenje i sl.). Uglavnom
se radi o dermalnim kontaktima, direktnom ingestijom ili
inhalacijom aerosola ili volatilnih hemijskih materija. Kada
je u primjeni ozon, rizici od stvorenih nusprodukata dezin-
fekcije su minimalni (Ivancev-Tumbas, 1998). Doprinosni
¢inioci nastanka trihalometana u vodi su azotni sastojci u
znoju i urinu koji se mogu naéi u bazenskim vodama (urea,
amonijak, aminokiseline, kreatinin i dr.), kao mogu¢i pre-
kursori za hlorisane nusprodukte (Ivanc¢ev-Tumbas, 1998).
Moguca je pojava trihalometana u vazduhu iznad povrsi-
ne bazenske vode, zahvaljujuéi svojoj lakoj isparljivosti,
obi¢no povisenoj temperaturi vode i turbulencijama vode
izazvanu kretanjem korisnika. (Antonic¢ i sar., 2016). Imput
u reakciji prekursora i hemijskih konstituenata je zavisan
od broja kupaca, koli¢ine urina, rezidua ulja, primijenjenih
kozmetickih sredstava, sapuna itd. Nastajanje sporednih
proizvoda dezinfekcije, moze se u znacajnoj mjeri smanjiti
razli¢itim mjerama: smanjenje unosa prekursora koji poticu
sa tijela korisnika putem odrzavanja higijene, uklanjanjm
prekusora iz vode njenom obradom ili razblazivanjem svje-
zom vodom i tacnim vodenjem procesa dezinfekcije (Da-
nojevi¢, Stoisavljevi¢, Balaban, 2009; Antonic i sar., 2014;
Grabez, Rudi¢-Gruji¢, 2016).

Imajudi u vidu naprijed ucinjene napomene, proiste-
kao je i cilj ovog rada, da se ispita higijenska ispravnost i
kvalitet vode otvorenih bazena SRC ,,Fortuna“ i na osnovu
rezultata ispitivanja procijeni bezbjednost korisnika bazena.
Na osnovu istaknutog problema i postavljenog cilja i objek-
ta istrazivanja, uspostavljena je i radna hipoteza:

R.H. ,Da kvalitet vode u bazenima u mnogome zavi-
si od pravilno vodenog postupka precis¢avanja i dezinfek-
cije vode u zavisnosti od opterecenosti bazena, provodenja
odgovarajucih sanitarno-higijenskih mjera i ponasanju kori-
snika kao doprinosnih ¢inioca onecis¢enja vode*.

S obzirom na postavljenu radnu hipotezu, formirana je
i pomoc¢na hipoteza:

P.H. ,, Da neispunjenjem bilo kog postupka iz radne
hipoteze se ne moze dobiti Zeljeni i ocekivani kvalitet i bez-
bijednost vode za kupanje i rekreaciju®.

METODOLOGIJA

Uzimanje uzoraka vode otvorenih bazena u RC
»Fortuna“ Banja Luka, tokom kupalisSne sezone 2015 i
2016 godine, izvrsili su predstavnici JZU Instituta za jav-
no zdravstvo RS Banja Luka u prisustvu lica odgovornog
za rad bazena, a obuhvatala su:

* Voda za punjenje bazena — ulazna,

* Priprema vode — Cista, preradena voda i

* Voda iz bazena, a obuhvatalo je:
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- Open a large swimming pool and
- Open a small pool (children)

The test was performed in an accredited (EN ISO /
IEC 17025) laboratory methods for testing the pool water
(Official Gazette of the RS no. 68/14, Appendix 1V). Pa-
rametric tests of physico-chemical and microbiological
parameters were carried out according to the Ordinance
on technical and sanitary-hygienic conditions (Official
Gazette of the RS no. 68/14).

REsuLTS

Studies used retrospective results of the physico-
chemical and microbiological tests of samples of pool
water outdoor pools RC “Fortuna” Banja Luka in the
period 2015 and 2016. In the two-year study period was
analyzed 40 samples of water from swimming pools, and
which is always preceded by examinations of clean pro-
cessed water and the water to fill the well with the defined
parameters of the test. In Table 1 and Table 2 presents the
results of physical-chemical analysis of water open large
and small pools for the year 2015/16.

Table 1. Results of physical-chemical analysis of water open
a large pool for the year 2015/16

- Otvoreni veliki bazen i
- Otvoreni mali bazen (djeciji)

Ispitivanje je izvrSeno u akreditovanoj (BAS EN
ISO/TIEC 17025) laboratoriji JZU Instituta za javno
zdravstvo RS, metodama za ispitivanje bazenske vode
(Sl.glasnik RS br. 68/14, prilog IV). Analizirano je 40
uzorka vode iz bazena. Parametri spitivanja fizicko-he-
mijskih 1 mikrobioloskih pokazatelja su izvrSena shodno
Prilogu 3, a okvir ispitivanja naveden je u Prilogu 5. Pra-
vilnika o sanitarno-tehnickim i higijenskim uslovima (SI.
glasnik RS br. 68/14).

REZULTATI ISPITIVANJA SA DISKUSIJOM

U ispitivanjima su koristeni retrospektivni rezultati
fizicko-hemijskih i1 mikrobioloskih ispitivanja uzoraka
bazenske vode otvorenih bazena RC , Fortuna*“ Banja
Luka u periodu 2015. i 2016. godine. U tom periodu ku-
palisne sezone shodno Prilogu 5. Pravilnika.

Tabela 1. Rezultati fizicko- hemijske analize vode otvorenog
velikog bazena za 2015/16 godinu

Datum 2015 Datum 2016

[Date ¢, pH Boja Mut OKS THm /Date pH Boja Mut OKS  THM
26. 03 735 <5 0.02 05 15 04 71 <25 <002 0

156. 05 727 <5 105 09 79.4 86. 035 732 <25 <002 0 76.3
296. 06 731 <5 0.02 0 176. 05 728 <25 <002 0

77. 04 6.98 <5 0.13 0 56 276, 04 733 <25 012 0 545
147. 03 703 <5 0.01 0 77. 04 733 <25 <002 0

297. 05 74 <5 0.02 0 65.2 207 04 71 <25 <002 0 60.12
48, 045 6.99 <5 0.25 0 287 04 755 <25 031 0

8.3. 06 75 <5 0.02 0 702 38. 04 715 <25 <002 0 1.3
158. 04 735 <5 0.02 0.1 198. 035 7 <25 044 0

268 03 76 <5 0.02 0 529 308 04 7.01 <25 <002 05 48.4

We analyzed six physical - chemical parameters of
quality of pool water (free chlorine, pH, color, turbidity,
oxidizability and content of trihalomethanes in accordan-
ce with statutory provisions.

Legenda: Cl-hlor pH-koncentracija H' jona Mut-mutnoca
OKS-oksidativnost THM-trihalometani
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Table 2. Results of physical-chemical analysis of water open
small pools for the year 2015/16

Tabela 2. Rezultati fizicko- hemijske analize vode otvorenog
malog bazena za 2015/16 godinu

Datum 2015 Datum 2016

[Date ¢ pH Boja  Mut OKS THm [Date pH Boja  Mut OKS  THM
26. 03 735 <5 0.02 0 15 04 71 <25 <002 0

156. 06 727 <5 061 0 748 86. 035 732 <25 <002 0 76
296. 06 744 <5 0.02 0 176. 045 728 <25 <002 0

77. 04 7,01 <5 0.13 02 56 276, 04 733 <25 012 0 12
147. 03 703 <5 0.02 0 77. 045 71 <25 <002 0

297. 05 74 <5 0.02 0 851 207 04 755 <25 <002 0 50.08
48, 045 68 <5 0.02 0.1 287. 04 715 <25 031 0

8.3. 06 71 <5 0.02 0 70.8 38. 04 7 <25 <002 0 M5
158. 045 715 <5 0.02 0.1 198. 035 7.1 <25 044 0

268 05 6.99 <5 0.02 0 426 308 04 701 <25 <002 0 53

We analyzed six physical - chemical parameters of
quality of pool water (free chlorine, pH, color, turbidity,
oxidizability and content of trihalomethanes in accordan-
ce with statutory provisions.

DiscussioN

Oxidizabilities is a common measure for the de-
termination of water pollution by organic and oxidisable
inorganic substances. The results of the two-year seaso-
nal tests of water open big and small swimming pools
(Table 1, Figure 1) show low oxidizability, which is far
below the allowable concentration, except for a slight
exceedance of water at the large swimming pool (0.9).
The high content of organic matter in the water that is
chlorinated may represent precursors to the formation of
toxic trihalomethanes.

Oksidativnost

1
0,5
S 2015
E 2016
PR .
L N S N —0— MDK

Datum uzorkovanja

Figure 1. Oxidizing

Free chlorine, as well as epidemiological safety
parameters, in the pool water is limited from a minimum
of 0.12 mg / 1 up to a maximum of 1.02 mg / 1, and the
test results (Table no.1 and 2, Figure 2) show that the
established values were in the specified range and that

Legenda: Cl-hlor  pH-koncentracija H" jona Mut-mutno-
ca OKS-oksidativnost THM-trihalometani

Diskusija parametara i dobijenih rezultata fizicko-he-
mijskih 1 mikrobioloskih ispitivanja izvrSena su iskljucivo
na osnovu normativa Pravilnika o sanitarno-tehnickim 1 hi-
gijenskim uslovima (Sl.glasnik RS br. 68/14), propisanih za
bazene za kupanje i rekreaciju. Oksidabilnost je uobicajena
mjera za odredivanje zagadenja vode organskim i oksidabil-
nim neorganskim materijama. Rezultati dvogodi$njeg sezon-
skog ispitivanja vode otvorenog velikog i malog bazena za
kupanje (Tabela 1, Grafikon 1), pokazuju nisku oksidabilnost,
koja je daleko ispod dozvoljne koncentracije, izuzev jednog
neznatnog prekoracenja kod vode velikog bazena (0,9). Vi-
sok sadrzaj organskih materija u vodi koja se hloriSe moze
predstavljati prekursore za stvaranje toksi¢nih trihalometana.

Oksidativnost

= 2015
02

5 2016

o o A PP —8— MDK

R DR S N

Datum uzorkovanja

Grafikon 1. Oksidativnost

Legenda: MDK- maksimalno dozvoljena koncentracija

Slobodni hlor, kao parametara epidemioloske sigur-
nosti, je u bazenskoj vodi limitiran od minimalno 0,12 mg/1
do maksimalno 1,02 mg/l, a rezultati ispitivanja (Tabela.1
i 2, Grafikon 2) pokazuju da su utvrdene vrijednosti bile u
propisanim granicama i da su se kretale od minimalno 0,3
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the range from a minimum of 0.3 mg /1 to more than 0.6
mg /L

Koncentracija hlora
0,8
0,6
= o P e
T r " -
2 04 ~ <3 p— 2015
Bz — | | 2016
0
OO W M M~ M~ od od 09 oo
NBaNdaFon g oMK
— ™~ — 0~ —
Datum uzorkovanja

Chart 2. The concentration of Cl ions

pH value as a condition for successful proviodenje a
water treatment procedure in the application of means for
coagulation and flocculation, as well as a requirement for
successful and effective disinfection of water according
to the provisions of the Rules ranges, for swimming pool
water, in the range from 6.5 to a maximum of a minimal
7.6 . Trials it was found that the pH value of the water
is within the prescribed value (Table 1 and 2, Figure 3).

pH

8
e 0—0—0—0—0—0—0—0—0—0
o770 .
+ h
z 2015
8 65 2016
S GE g MMNMG W& o
= NG Mg gy oMK

— ™~ — ™~ — ~d

Datum uzorkovanja

Figure 3. Concentration pH

Turbidity (turbidity) is defined by regulations to be
monitored only in the water basin for bathing and as de-
termined by a maximum value of 0.4 NTU. Trials it was
established (Table 1 and 2.Grafikon 4) to this value ran-
ged well below this value, from a minimum of 0.02 to a
maximum of 0.35 NTU and in small and large pool.

Mutnoca
6
o 4 O=C=O=O=0=0=0=0=0=0
N 5 o—2015
0 2016
EEEPEEHia

Datum uzorkovanja

Figure 4. Turbidity

mg/l do maksimalno 0,6 mg/l. Utvrdena maksimalna vri-
jednost se moze povecati do maksimalne vrijednosti limi-
tirane propisima, a u zavisnosti od opterecenosti bazena.

Koncentracija hlora

12

0,8
-2015

meg/l

0,6 2 i)
% 2016

04 L g . S —e— DK

0.2

Datum uzorkovanja

Grafikon 2. Koncentracija Cl jona

pH vrijednost kao uslov za uspjesno provodenje po-
stupaka preciS¢avanja vode u primjeni sredstava za ko-
agulaciju i flokulaciji, ali 1 kao uslova za uspjesnu 1 efi-
kasnu dezinfekciju vode s e prema odredbama Pravilnika
krece, za bazensku vodu, u granicama od minimalnih 6,5
do maksimalnih 7,6. Ispitivanjima je utvrdeno da se pH
vrijednosti vode u bazenima nalazi u okviru propisanih
vrijednosti (Tabela 1 i 2, Grafikon 3.).

pH

8
(1]
[ =
k= S S S S
+ 7.5 2015
c ' 2015
§ 7
£ & —— VDK

Datum uzorkovanja

Grafikon 3. Koncentracija pH

Mutnoc¢a vode (zamucenost) je propisima odredeno
da se prati samo u vodi bazena za kupanje i kao maksimal-
no odredena vrijednost od 0,4 NTU. Ispitivanjima je utvr-
deno, (Tabela 1i 2.Grafikon 4) da se ta vrijednost kretala
daleko ispod te vrijednosti, od minimalno 0,02 do maksi-
malno 0,35 NTU i u velikom i malom bazenu, §to ukazuje
na korektan rad uredaja za precis¢avanja vode.

Mutnoca
6
-0-0-0-0-0-0-0-0-0
54 2015
=
5 2015
—8— MDK

Datum uzorkovanja

Grafikon 4. Mutnoca
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Trihalomethanes, as disinfection by-products for-
med by the reaction of chlorine as a disinfectant with or-
ganic impurities from the water. Their amount depends
on the temperature, the concentration of halogen-free,
organic substances, and pH. The reaction between the
precursors of trihalomethanes and chlorine during the
chlorination of water is not instantaneous and can last
several days. Rules provide that the trihalomethanes de-
termined as total trihalomethanes whose maximum value
is 100 mg / liter.

Testing was done at the two-year monitoring of the
seasonal period, (table 1 and 2, Figure 5) show that the
amount of trihalomethanes ranged from 11.3 to 79.4 g /
1. Although the amount of trihalomethanes created is not
current, the determined content may be associated with
increased oksidativnoscu in this test period.

Trihalometani

150
100

3 5 2015

= 0 2016

Datum uzorkovanja

Figure 5. The content of trihalomethanes

Microbiological testing included the following pa-
rameters: Pseudomonas aeruginosa, Escherichia coli and
total number of aerobic bacteria at 370C / 48 h.

Table 3. Results of microbiological tests open a large pool for
the year 2015/16

Tabela 3. Rezultati mikrobioloskih ispitivanja otvorenog veli-
kog bazena za 2015/16 godinu

Trihalometani, kao sporedni proizvodi dezinfekcije nasta-
juureakcijama hlora kao dezinfekcionog sredstva sa organskim
materijama iz vode. Prema nekim autorima u procesu dezinfek-
cije vode hlorom, kao dezinfekcionim sredstvom, nastaje oko
200 razlicitih organohlornih jedinjenja od kojih su cetiri kance-
rogeni trihalometani: hloroform, bromdihlormetan, bromoform
i dibromhlormetan. Njihova koli¢ina zavisi od temperature,
koncentracije halogena, organskih materija i pH. Reakcija iz-
medu prekursora trihalometana 1 hlora za vrijeme hlorisanja
vode nije trenutna i moze trajati i nekoliko dana. Pravilnikom je
predvideno da se trihalometani odreduju kao ukupni trihalome-
tani ¢ija je maksimalna vrijednost 100 ug/l. Ispitivanja vrSena u
dvogodisnjem sezonskom periodu pracenja, (Tabela 1 12, Gra-
fikon 5 ) pokazuju da se koli¢ina trihalometana kretala od 11,3
do 79,4 ug/l. lako koli¢ina stvorenih trihalometana nije trenut-
na, ovaj utvrdeni sadrzaj se moze dovesti u vezu sa povecanom
oksidativno$¢u u tom terminu ispitivanja.Nastajanje sporednih
proizvoda dezinfekcije, moze se u znacajnoj mjeri smanjiti ra-
zli¢itim mjerama: smanjenje unosa prekursora koji poticu sa ti-
jela korisnika putem odrzavanja higijene, uklanjanjm prekusora
iz vode njenom obradom ili razblazivanjem svjezom vodom i
tatnim vodenjem procesa dezinfekcije.

Trihalometani

150
— 100
e
%3 50 2015
0 2016
S g g rnN g a s
Nﬂmﬂgmrmgg e VD K

Datum uzorkovanja

Grafikon 5. Sadrzaj trihalometana

Mikrobioloska ispitivanja su obuhvatala sljedece
parametre: Pseudomonas aeruginisa, Escherichia coli i
Ukupan broj acrobnih bakterija pri 37°C/48 h.

2015 2016
Daum  psewdomoras  Exchrichs iy G Tolagopc DM Psewlomonas - Escherchis i oSl
bacteria at 37 °C ria at 37 °C

2.6. 0.00 0.00 5.00 31.5. 0.00 0.00 10.00

15.6. 0.00 0.00 1.00 8.6. 0.00 0.00 0.00

29.6. 0.00 0.00 0.00 17.6. 0.00 0.00 0.00

7. 0.00 5.00 15.00 27.6. 5.00 0.00 20.00

14.7. 0.00 0.00 35,00 7.7. 0.00 10.00 0.00

29.7. 0.00 0.00 15.00 20.7. 0.00 0.00 0.00

438. 0.00 0.00 15.00 28.7. 0.00 0.00 100

8.8. 0.00 0.00 5.00 38. 0.00 0.00 5.00

15.8. 0.00 0.00 10.00 19.8. 0.00 0.00 0.00

26.8. 0.00 0.00 5.00 30.8. 0.00 0.00 5.00
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Table 4. Results of microbiological tests open small pools for

Tabela 4. Rezultati mikrobioloSkih ispitivanja otvorenog ma-

the year 2015/16 log bazena za 2015/16 godinu
2015 2016

... Ukupna broj aerobnih bakterija N Ukupna broj aerobnih bakterija
P;::L" :::uu;z:)";nas E:ﬁhemh'a ;r)lg 2:;;2 °IcTotaI aerobic bacte- P;:;L" :es:e:;!i:?;nas E:IT et zn; :t73°;3 olcTotaI aerobic bacte-
2.6. 0.00 0.00 5.00 31.5. 0.00 0.00 0.00
15.6. 0.00 0.00 1.00 8.6. 0.00 0.00 0.00
29.6. 0.00 0.00 0.00 17.6. 0.00 0.00 0.00
7.7. 0.00 10.00 12.00 27.6. 5.00 0.00 10.00
14.7. 0.00 0.00 20.00 7.7. 0.00 0.00 0.00
297. 0.00 0.00 10.00 20.7. 0.00 10.00 0.00
48. 0.00 0.00 5.00 28.7. 0.00 0.00 0.00
8.8. 0.00 0.00 5.00 38. 0.00 0.00 5.00
15.8. 0.00 0.00 10.00 19.8. 0.00 0.00 0.00
26.8. 0.00 0.00 5.00 30.8. 0.00 0.00 5.00

Pseudomonas aeruginosa
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Figure 6. The concentration of Pseudomonas aeruginosa

Results of testing the pool water, the two-year
follow-up period, seasonal, show that only one sample
of water large and small (children’s) pool showed the
presence of Pseudomonas aeruginisa in 2016 (Table 6
3.Grafikon).

Escherichia coli
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Chart 7. The concentration of Escherichia coli

The presence of Escherichia coli has been shown in
one sample above the allowable values and a large and a
small pool in the season in 2015 and 2016 (Table 3.gra-
fikon 7).

Pseudomonas aeruginosa
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Datum uzorkovanja

Grafikon 6. Koncentracija pseudomonas aeruginos

Rezultati ispitivanja bazenske vode, u dvogodis-
njem sezonskom periodu praéenja, pokazuju da je samo
u jednom uzorku vode velikog i malog (djecjeg) bazena
utvrdeno prisustvo Pseudomonas aeruginisa u 2016 go-
dini (Tabela 3. Grafikon 6).

Escherichia coli
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—8— MDK
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Datum uzorkovanja
Grafikon 7. Koncentracija Escherichia coli

Prisustvo Escherichia colli dokazano je u po jed-
nom uzorku iznad dozvoljenih vrijednosti i u velikom
i malom bazenu u sezoni 2015 i 2016 godine (Tabela
3.grafikon 7).
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Ukupan broj aerobnih bakterija
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Figure 8. Total number of aerobic bacteria at 37 ° C

Are not detected aerobic bacteria, as well as indica-
tors of water contamination, above the maximum allowed
value (in the 200 370C / 48 h). All microbiological devia-
tions are repaired, a successful rehabilitation extraordi-
nary analysis as such and confirmed. The results obtained
in this assay correspond to the test results of said test sites
and objects (Grabez, 2016 and Antoni¢, 2016).

CONCLUSIONS

Based on the test results of water outdoor pools for
swimming and recreation in seasonal two-year study pe-
riod, we can conclude the following:

* The results of all physical and chemical parame-
ters are within the permissible values and their
maintenance as these do not threaten the health
of users of the pool.

* By-products of disinfection of water is also pla-
ced within the allowable value, but they can be
more significantly reduced by various measures:
reduction in the intake of precursors derived
from the bodies of users by means of hygiene,
uklanjanjm precursor from the water to its tre-
atment or by dilution with fresh water and accu-
rate the disinfection process.

» Results of microbiological parameters are within
prescribed values, with sporadic exceedances,
upon receiving the information that the correcti-
ve measures repaired, and confirmed the succe-
ssful remediation interim analysis. Swimming
pool, open or closed, carries with it certain health
risks associated with microbiological quality of
water. Water Treatment reduces the extent of that
risk, but that most of the security measures users
can achieve only disinfection of water in the
pool and the constant maintenance of a residual
concentration dezinfikcionog assets.

» Test results confirmed the working hypothesis
,that the quality of the water depends largely on
the proper disciplinary proceeding purification
and disinfection of water, depending on the wor-
kload of the pool, the implementation of appro-

Ukupan broj aerobnih bakterija
25

20 o=t l=0=—=—0=0=0=0

£ 15 2015
8
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Datum uzorkovanja
Grafikon 8. Ukupna broj acrobnih bakterija pri 37 °C

Nije utvrdeno prisustvo acrobnih bakterija, kao in-
dikatora zaprljanosti vode, iznad dozvoljenih vrijednosti
(200 pri 370C/48 h a $to je u saglasnosti i sa utvrdenom
malom vrijednos¢u mutnoée. Sva mikrobioloska odstu-
panja su sanirana, a uspjesna sanacija vanrednom anali-
zom kao takva i potvrdena.

Dobijeni rezultati u ovom ispitivanju korespondira-
ju sarezultatima ranijih ispitivanja navedenog lokaliteta i
objekta ispitivanja, a rezultat su provodenja preventivnih
aktivnosti na obezbjedenju zdravstveno bezbjedne vode
za kupanje i rekreaciju, prije svega primjenom principa
dobre higijenske prakse. (Danojevi¢, Stoisavljevi¢, Ba-
laban, 2009; Grabez, Rudi¢, 2016; Antonic i sar. 2016).

ZAKLIUCCI

Na osnovu rezultata ispitivanja vode otvorenih ba-
zena za kupanje i rekreaciju u dvogodisnjem sezonskom
periodu ispitivanja, moze se zakljuciti sljedece:

» Rezultati ispitivanja svih fizicko-hemijskih para-
metara se nalaze u granicama dozvoljenih vrijed-
nosti i njihovim odrzavanjem kao takvih ne ugro-
zavaju zdravlje korisnika bazena.

*  Sporedni proizvodi dezinfekcije vode se, takode, na-
laze u okviru dozvoljenih vrijednosti, ali se one mogu
jo$ znacajno smanyjiti razli¢itim mjerama: smanjenje
unosa prekursora koji poticu sa tijela korisnika putem
odrzavanja higijene, uklanjanjm prekusora iz vode
njenom obradom ili razblazivanjem svjezom vodom i
ta¢nim vodenjem procesa dezinfekcije.

* Rezultati mikrobioloskih parametara se nalaze u
propisanim vrijednostima, sa sporadi¢nim prekora-
¢enjima, koje je po saznanju korektivnim mjerama
sanirano, a uspjesna sanacija potvrdena vanrednom
analizom. Koristenje bazena, otvorenog ili zatvore-
nog tipa, nosi sa sobom i odredeni zdravstveni rizik
povezan sa mikrobioloskim kvalitetom vode. Preci-
$¢avanje vode smanjuje dijelom taj rizik, ali se naj-
veca mjera sigurnosti korisnika moze ostvariti tek
dezinfekcijom vode u bazenu i stalnim odrzavanjem
rezidualne koncentracije dezinfikcionog sredstva.

» Rezultatima ispitivanja je potvrdena radna hipote-

Jun/June, 2017

61



BoOGOLIJUB ANTONIC, ET AL.:

REZULTATI ISPITIVANJA ZDRAVSTVENE BEZBJEDNOSTI VODE OTVORENIH BAZENA REKREACIONOG CENTRA ,,FORTUNA“ Bania Luka

SPORTSKE NAUKE 1 ZDRAVLIE 7(1):52-62

priate sanitary-hygienic measures and user beha-
vior, as contributory factors of water pollution.”
Culture and self-discipline swimmers are contri-
butory factors to its security.

za ,,da kvalitet vode u bazenima u mnogome zavisi
od pravilno vodenog postupka precis¢avanja i de-
zinfekcije vode u zavisnosti od opterecenosti ba-
zena, provodenja odgovarajucih sanitarno-higijen-

skih mjera i ponasanju korisnika, kao doprinosnih
¢inioca onecis¢enja vode*,
» Kaulatura i samodisciplina kupac¢a su doprinosni ¢i-

nioci njenoj bezbijednosti.
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