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CaxeTtak

ObesbehmBarbe NpUCTyna CUrypHUM U KOHTPOMMCAHWM ycryrama Bofe
3a nuhe, caHMTaumje 1 X1rmjeHe y CeOCK1M LLKONama je Kiby4Ho 3a cma-
HeH€e 30PaBCTBEHNX PU3NKa U CTBapake 34PaBor OKpyXeha 3a yyere.
OBa cTyavja npouetbyje CTake CaHNTapHO-XUMMJEHCKMX YCnoBa N MUKPO-
Buonowkn kBanuTeT BoAe 3a nuhe, ca POKYCOM Ha KOHTamuHauujy E.
coli, y ceocknm OCHOBHUM LLKOMama ca ConcTBeHnm byHapvmMa 3a BOJO-
cHabpeBatbe Ha TepuTopumju MauBaHckor okpyra. PeTpocnekTuBHa CTy-
Avja aHanusupana je nogaTtke 3aBofa 3a jaBHO 3apasrbe (3J3) Labay
O MMKPOBWOMOLLKOM KBanuTeTy BoAe 3a Nhe 1 CaHUTapHO-XUMMjeHCKUM
YCMoBVMa y CEOCKMM OCHOBHUM LUKOMamMa MayBaHcKor okpyra y nepuogy
on 2012. po 2024. roguHe. Y30puu BOAe Cy Y30PKOBaHM M TeCTUPaHu
Ha npucyctBo E. coli npema ISO craHgapauma ISO 5667-1:2023, 1ISO
5667-3:2018, ISO 19458 n ISO 9308-1:2014, a nogaum 0 CaHUTapPHO-XK-
TMjEHCKUM YCNOBMMa NPUKYMIbEHW Cy NMyTEM MHCMEKUM|CKOr Haa3opa u
ynuTHUKa. MpuMereHe Cy AEeCKPUNTUBHA CTAaTUCTUKA, MOAENOBake M-
HeapHor TpeHaa, [MupcoHoBa kopenauuja n perpecuoHa aHanusa. Cry-
Ovja je 3abenexuna 3Ha4yajHO cMakere npucyctea E. coli y 6yHapvma
CEOCKNX OCHOBHMX LLKOMa, NpenonosmeLuM npoueHat ca 45,9% y 2012.
Ha 20,5% y 2021. rognHn. CaHUTapHO-XMIMjeHCKN yCroBu y objekTima cy
nokasanu nobosbLuaka, kao LWTo je noBehaH NpUCTyn LeHTPanu3oBaHoOM
BOAOCHAbAEBaky U CaHUTApHUM CUCTEMKMA, Ca MOPacToOM LUKOa onpe-
MIbEHUX caHuTapHuM objektma ca 79,9% y 2014. Ha 90,5% y 2023.
roguHu. MNpoHaheHa je cHaxHa HeraTMBHa kopenauuja (r=-0,91, p=0,001)
n3mehy noborbliaHnx CaHWTapHUX ycrnoBa W CMawena npucyctea E.
coli. Hawa ctyauja Harnawasa 3Havaj yHanpehewa caHuTapHux objeka-
Ta 1 noeehawa NpucTyna LeHTpan1M3oBaHOM BoAoCHabaeBamy kako 6u
ce cMarbuna KoHTamuHauuja E. coli'y ceoCckMM OCHOBHMM LLKOfama.

Krby4yHe peum: Likona, caHuTauuja, BogocHabaeBarse,
0e3benHOCT Boae

Abstract

Ensuring access to safely managed drinking water, sanitation, and hy-
giene services in rural schools is crucial for reducing health risks and
creating a healthy learning environment. This study assesses the state
of sanitary-hygienic conditions and the microbiological quality of drinking
water, focusing on E. coli contamination, in rural primary schools relying
on the individual well and located in the Macva District. This retrospective
study analysed data from the Institute of Public Health of Sabac on the
microbiological quality of drinking water and sanitary-hygienic conditions
in rural primary schools in the Maéva District, covering 12 years, from
2012 to 2024. Water samples were sampled and tested for the pres-
ence of E. coli according to ISO ISO 5667-1:2023, ISO 5667-3:2018,
1SO19458 and ISO 9308-1:2014 standards, and data on sanitary-hy-
gienic conditions were collected through field sanitary inspections and
questionnaires. Descriptive statistics, linear trend modelling, Pearson
correlation, and regression analysis were applied. The study recorded a
significant decrease in the presence of E. coli in the wells of rural primary
schools, halving the percentage from 45.9% in 2012 to 20.5% in 2021.
Sanitary-hygienic facilities showed improvements, such as increased ac-
cess to centralised water supply and sanitation systems, with a rise in
schools equipped with sanitary facilities from 79.9% in 2014 to 90.5%
in 2023. A strong negative correlation (r = -0.91, p = 0.001) was found
between improved sanitary-hygienic conditions and the reduction of E.
coli presence. Our study highlights the importance of improving sanitary
facilities and increasing access to centralised water supply to reduce E.
coli contamination in rural primary schools.

Keywords: school, sanitation, water supply, water safety
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YBop,

Mpema 3ajegHnykom nporpamy npahewa C30/YHuued
(JMP, eHrn. Joint Monitoring Programme), Kojum ce npatu
HanpegoBane y obnactn BogocHabaesawa, caHuTaumje un
xurnjeHe og 1990. roguHe, y nssewTajy ns 2023. rognHe
je ob6jaBrbeHo ga y 2022. roguHn 27% cBeTcke nonyna-
uvje (2,2 munujapge reygu) HYje umano nNpucTyn Bogu 3a
nuhe Kojom ce ynpaBrba Ha 6e36epaH HauvH, 43% (3,5
Munujapae feyaun) Hyje nmano nNpucTyn caHuTaumju Kojom
ce ynpasrba Ha 6e3begaH HauvH n 25% (2,0 munujapam
TbyaW) HUje MMano NpUCTyn caHuTapHUM objekTMa 3a Xu-
rmjeHy pyky ca canyHom un Bogom [1]. OBaj nssewrTaj Ta-
kofe Harmawasa xuTHy noTpeby 3a rmobanHnm nocTynuu-
Ma yCMepeHUM Ka yHanpeherwy MeHCTpyanHor 3apasrba
N XUrvjeHe y Likonama, kako 6w ce ocurypano ga cBaka
yyeHuLa MoXxe AOCTOojaHCTBeHO, 6e36edHO 1 noy3aaHo aa
ce nobpuHe 3a cBojy MeHcTpyaumjy. Mictnye ce ga 1 og 5
neue (447 munvoHa) Hema obes3beheHe OCHOBHe ycryre
BogocHabaeBarwa y wkonu, 1 og 5 (427 munmoHa) Hema
OCHOBHe ycnyre caHutaumje, a 1 og 3 (646 munuoHa) Hema
MPUCTYN OCHOBHUM XUTMjEHCKUM ycryrama [2].

Tpebano 6u aa wkone, nocebHo y pypanHum obnacTu-
Ma, o6e3befe 30paBO OKPYXEHe 3a yvehe, Tako LUTO
he 06e36eanTn ncnpaeHy Body, ogroBapajyhe objekte 3a
notpebe Toanera u XurmjeHe pyky, kKao 1 OENOTBOPHE CU-
cTeme 3a ofgnarakbe oTnaga, UCTOBpPeMEHO npomoBuLLyhn
XurmjeHcke npakce. bes oBux mepa moxe gohu oo nopa-
cTa bonecTu Kao WTOo Ccy Aunjapeja n MHgekuuje rmmctama,
LUTO HeraTUBHO yTUYe Ha noxahawe LIKone U akageMcKu
yumHak yyeHuka [3]. PypanHe Likone ce 4ecTo ocriakary
Ha rokanHe unuM concTBeHe u3Bope Boae, rae je npahe-
H€e 34paBCTBEHE MCNPABHOCTY Bode 3a nuhe orpaHnuyeHo.
O6es3behnBare 34paBCTBEHO MCMpaBHe BoAe 3a nuhe y
OBWM LLKOMaMa je Of KIby4YHOr 3Hayaja 3a 3fpaBrbe Aele,
Te je noausare CBECTU 3ajefHuue U CpoBofeHe KOHTU-
HyanHor npahewa 34paBCcTBEHE MCMPABHOCTU BEOMa Ba-
XHO [4, 5].

MukpobuornoLika koHTaMmMHauuja Boge 3a nuhe u Heof-
roBapajyhu caHuTapHu ycrioBu npeactaBibajy 3HayajHe
304paBCTBEHE pu3MKe, NOCEOHO y pypanHum obnactuma
r4e je NpuUCTyn 34paBCTBEHO MCNPABHOj BOAM M CaHUTauUnju
4YecTo orpaHuyeH. MictpaxmBara nokasyjy aa nowum ycro-
BM BO4OCHabaeBawa 1 caHuTalmje Mory Aa JoBeay [0 Ln-
pena 3apasHux bonectu, nocebHo mehy AeLOM LLKONCKOr
y3pacrTa [6, 7]. Y EBpONCKOj yHMjU 1 LUIMPOM CBEeTa CTanHo
Ce yraxy Hanopwv fa ce yHarnpene CaHUTapHO-XUIMjeHCKN
YCINOBM Yy LLKOMamMa Kako 61 ce cmarune crone nojaese 60-
1necTu Koje ce npeHoce BOAOM M MoborbLuany XurMjeHcKu
ctaHgapam [8, 9].

Introduction

According to the WHO/UNICEF Joint Monitoring Pro-
gramme (JMP), which has tracked progress on water, san-
itation, and hygiene since 1990, the 2023 update report-
ed that in 2022, 27% of the global population (2.2 billion
people) lacked safely managed drinking water, 43% (3.5
billion people) lacked safely managed sanitation, and 25%
(2.0 billion people) did not have access to handsanitary-hy-
gienic conditionsing facilities with soap and water [1]. The
report also underscores the urgent need for global action
to improve menstrual health and hygiene in schools, en-
suring that every schoolgirl can manage her menstruation
with dignity, safety, and confidence. It highlights that 1in 5
children (447 million) lack basic drinking water services at
their school, 1 in 5 (427 million) lack basic sanitation ser-
vices, and 1 in 3 (646 million) do not have access to basic
hygiene services [2].

Schools, particularly in rural areas, should ensure a healthy
learning environment by providing safe water, adequate
toilet and hand-sanitary-hygienic conditionsing facilities,
and effective waste disposal systems while promoting hy-
giene practices. Without these measures, illnesses such
as diarrhea and helminth infections can increase, nega-
tively impacting students' attendance and academic per-
formance [3]. Rural schools often rely on local or their own
water sources, where monitoring of drinking water quality
is limited. Ensuring safe drinking water in these schools is
crucial for children's health, making it important for raising
community awareness and enforcing continuous quality
monitoring [4, 5].

Microbiological contamination of drinking water and inad-
equate sanitary conditions present significant health risks,
especially in rural areas where access to safe water and
sanitation services is often limited. Research shows that
poor water supply and sanitation conditions can lead to the
spread of infectious diseases, particularly among school-
age children [6, 7]. In the European Union and worldwide,
efforts are continuously made to improve sanitary-hygienic
conditions in schools to reduce waterborne disease rates
and enhance hygiene standards [8, 9].

Rural schools are particularly vulnerable, often lacking
centralised water supply systems and having poor sanitary
facilities [10]. In Serbia, microbiologically contaminated
water in rural schools is a significant public health issue.
Recent studies indicate a high prevalence of Escherichia
coli (E. coli) and other pathogenic bacteria in school wa-
ter supplies in these regions [5]. Although some improve-
ments have been achieved in the past decade, the level of
sanitary-hygienic conditions in schools still does not meet
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PypanHe wkone cy nocebHo oceTrbuBe, jep UM YeCTO He-
[OCTajy LeHTpanv3oBaHW CMCTEMU BodocHabaeBawa, a
caHuTapHu 06jekTn cy um nower ksanuteta [10]. Y Cp-
Ovju, MMKPOBMONOLLKM KOHTaMMHMpaHa Boda y pypanHum
LKonama npeficTaBrba 3HayajaH jaBHO34pPaBCTBEHM Mpo-
onem. HepaBHe cTyamje cy ykasarne Ha BUCOKY NpeBasieH-
unjy Escherichia coli (E. coli) v gpyrux natoreHunx 6akrte-
puja y LLUKOMCKMM cMcTeMUMa 3a BogocHabaeBare y OBUM
pernoHnma [5]. Mlako cy y NpoTeknoj geleHunju yBeaeHa
Heka noborbluaka, HUBO CaHUTapPHO-XUTMjEHCKUX YCnoBa
y LIKonama u garse He ucnywana npenopyke C30 [11].

MHTepBeHUMje 3a yHanpehere LUKONCKUX CaHUTapHO-Xu-
rMjeHCKUX ycrioBa Cy fJoBene [0 CMakera eHTEPUYHUX
oborbera Mehy yvyeHuuMma y Kojuma cy npuMenseHe, y
nopehewy ca LWKonama y Kojuma Huje Guno TakBux WUH-
TepBeHUMja. YHanpehewe caHuTapHUX yCcriosa y LuKkonama
KpO3 MHTEPBEHLIMje Kao LUTO Cy NOBE3MBaH-E Ha LieHTpanu-
30BaH CUCTEM 3a BOofocHabaeBare UM XUIMjeHCKO Bacnu-
Takbe MOry 3HayajHO Ja CMane 3[1paBCTBEHE pU3NKe Kopg
neue [10, 12, 13]. ConcTBeHn M3BOpM BogocHabaoeBara
Ha 6a3n nogl3emMHUX BoAa y 3eMibamMa ca HUCKMM U cpea-
HBUM NpUxoauma cy NoanoXxHujM dekanHoj KoHTaMmuHaum-
jn y nopehemwy ca LeHTpannu3oBaHUM cuctemmma 3a Bo-
[ocHabgeBane, YMMe ce Harnawasa notpeba 3a unrbaHe
WHTEpBeHUMje y obnactu nonmMTuka kako 6u ce ocurypana
30paBCTBEHO UCNpaBHa BoAa 3a nuhe y cknagy ca Uurbem
ogpxwBor passoja 6.1 [14, 15].

OBO UCTpaxmMBaHEe je HaMEeHEHO OLEeHMBaHy MUKPOOKO-
NOLUKOT KBanuTeTa Boge 3a nuhe ca nocebHMM OCBPTOM Ha
KOHTamuHaumjy E. coli, y cuctemuma 3a BogocHabaeBane
pypanHux wkona. Takohe je Hamepa a ce oueHu cTake 1
KBanuTET CaHUTAPHO-XUMMjEHCKMX YCrOBa Yy OBMM LUKONa-
Ma, MOEHTUDVKYjY KIby4HM Npobremun n oueHe Mepe npe-
QyseTe ia ce OBU YCMOBM yHanpeae, y cknagy ca mehyHa-
POOHUM CTaHOapAumMa 3a CaHUTapPHO-XUIMjEHCKE YCoBe
y wKkonama, kako 6w ce yHanpeauno 3gpaeibe M Jobpo
CTahe yYeHuKa.

MaTtepujan u metoae

OBoO ncTpaxuBake NpeacTaBiba peTpornepcnekTMBHy aHa-
nn3y nopgartaka og 2012. o 2021. rognHe, ca 0CBPTOM Ha
MUKPOOMOMOLLKW KBANuUTET BOAE, KOHKPETHMWje KOHTaMMUHa-
umnjy E. coli, y cuctemmma 3a BogocHabaeBawe pypanHux
wkona. Takohe ce ouewyje CTakbe M KBanUTET caHuTap-
HO-XWUrnjeHckux objekarta y OBUM LUKONaMa, UaAeHTUUKYjy
KIbyYHM Npobnemun n ucnutyjy mepe yBeaeHe kako 6u ce
YCINOBW yHanpeawnu, y3 npugpxaeamwe MehyHapoaHuX
CTaHAapAa 3a CaHUTapHO-XMUIMjeHCKe YCrnoBe Y LKonama.

° y30pKOBaI-be M NPpUKynibawe nogartaka: Mogaum o npucy-

WHO recommendations [11].

Improvements in school sanitary-hygienic conditions inter-
ventions have recorded reduced enteric diseases among
students where interventions have been applied, com-
pared to schools without interventions. Enhancing sanitary
conditions in schools through interventions such as the
connection to the centralised water supply systems and
hygiene education can significantly reduce health risks for
children [10, 12, 13]. Self-supply groundwater sources in
low- and middle-income countries are more vulnerable to
fecal contamination compared to centralised water sup-
plies, underscoring the need for targeted policy interven-
tions to ensure safe drinking water in line with Sustainable
Development Goal 6.1 [14, 15].

This study aims to evaluate the microbiological quality of
drinking water, with a specific focus on E. coli contamina-
tion, in rural school water supply facilities. It also aims to
assess the condition and quality of sanitary-hygienic condi-
tions in these schools, identify key problems, and evaluate
the measures taken to improve these conditions, following
international standards for sanitary-hygienic conditions in
schools, to enhance student health and well-being.

Material and methods

This study presents a retrospective analysis of data from
2012 to 2021, focusing on the microbiological quality of
water, specifically E. coli contamination, in the water sup-
ply systems of rural schools. It also evaluates the status
and quality of sanitary-hygienic facilities in these schools,
identifies key issues, and examines measures implement-
ed to improve conditions, adhering to international stand-
ards for sanitary-hygienic conditions in schools.

» Sampling and Data Collection: Data on the presence of
E. coli in drinking water were collected from analytical re-
ports by the Institute of Public Health (IPH) of Sabac. Over
the period from 2012 to 2021, water samples were taken
quarterly from the water supply systems of a total of 109
rural primary schools in the Mac&va District. Sampling was
conducted annually from taps inside the schools that were
used for drinking water, following standards ISO 5667-
1:2023, 1ISO 5667-3:2018, and ISO 19458.

+ Microbiological Water Quality: Microbiological analysis
of water included testing the presence of E. coli, accord-
ing to methods recommended by national and internation-
al standards (ISO 9308-1:2014) [16]. The drinking water
samples were analysed in the Institute of Public Health
Sabac. Data analysis was directed to assess the frequen-
cy of E. coli contamination in different time intervals in rural
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ctBy E. coliy Boau 3a nuhe npukynrbeHn cy nu3 aHanutuy-
KMx n3BelTaja 3aBoga 3a jaBHo 3gpasrbe (3J3) Wabau,. Y
nepvogy og 2012. no 2021. roguHe, y3opLm Boge cy npu-
KynrbaHu Ha cBaka Tpu Mecela 13 cuctema 3a BogocHab-
aesane y 109 pypanHux oCHOBHUX LIKONMK y MayBaHcKoM
oKpyry. Y3opum cy y3vMaHu jedHOM rogullHe u3 crnasu-
Ha yHyTap LUKora Koje cy kopuwheHe 3a Bofgy 3a nuhe,
y cknagy ca ISO craHgapguma 5667-1:2023, 1ISO 5667-
3:2018 n ISO 19458.

* MukpobuonoLkn kBanmTeT Boge: MukpobuonoLlka aHa-
nn3a Boge je obyxBaTtuna TectTupame 3a npucycTtso E. coli
y cknagy ca mMeTogama Koje npenopydyjy HauuoHarHu u
mehyHapogHu ctangapam (ISO 9308-1:2014) [16]. Y3opuwm
BoZe 3a nuhe cy aHanusnpaHu y 3aBoay 3a jaBHO 3gpa-
Brbe LWabau. AHanusa nogataka je ycMepeHa ka npoueHn
y4ecTanocTn KoHTamuHauuje E. coli y pasnuuntnm Bpe-
MEHCKUM MHTepBanvMmMa y pyparniHum OCHOBHWUM LUKONama.

* OuemnBame caHUTapHO-XUrMjeHckux ycnosa: CaHuTap-
HO-XWUIMjEHCKN YCMOBM Yy OCHOBHMM LUKOnama y MausaH-
CKOM OKpYry Cy aHanuampaHu Ha OCHOBY u3BelUTaja LleH-
Tpa 3a xurnjeHy n meguumHcky ekornorunjy 3J3 LWabau of
2014. po 2023. roguHe. MNogauu cy NPUKYNIbEHN ONPEKT-
HMM MHCNEKLUMjaMa LUKOMCKUX CaHUTapHUX objekaTa u Kpo3
YUTHUKE O XWUIMMjeHCKO-CaHUTapHOM Haa3opy. YNUTHULM
Cy oLlebMBanu aa nv ycrosu y objekTuma ucnywasajy no-
TpebHe cTtaHgapae (oa/He/penuMunyHo) 1 Koju je Tun BO-
JocHabpeBawa (UeHTpanHo BOJOCHabOeBaH-e/roKanHo
BogocHabaeBame/nokanHu n3sop). Takohe ce ncnutneBao
MeToA oAnaraka YBpPCTOr oTnaga (XWrmjeHcKu/HexurmjeH-
CKW) 1 TevHor oTnaga (KoMyHanHa KaHanvsauuja/cenTtuy-
Ka jama). Y3 TO, OLeHMBaHO je U NPUCYCTBO CaHUTaPHUX
objekarta u objekaTa 3a npawe pyKy (4a/He), kao 1 nocTo-
jarbe Lwkonckor ABopuLlTa (4a/He). Ycnosu y y4moHvuama
CYy KaTeropmcaHu Kao XUrnjeHCKU UM HEXUrMjeHCKn (Xuru-
jeHcku/HexurnjeHckn). MNpukynrbaHe cy n nHdopmMaumje o
npucycTBy cane 3a u3n4Ko BacnuTawe (a/He) n o Tome
Ja N oHa nucnywasa cTaHaapae (ucnykwasa/He ncnywasa
cTaHgapge). YNuTHUK je garbe obyxsartao getarbe o npu-
CYCTBY LLKOSICKE KyXuhse (O4a/He) n 0 ToMe Aa fin OHa uc-
nywasa cTaHgapae (ucnywasa cTaHgapge/He ucnyhasa
ctaHgapge). KoHayHo, 6enexeH je Tvn rpejaksa y LUKOnm
(ueHTpanHo/nokanHo). Ha ocHoBy oaroBopa, ONwWTU XUrn-
jEHCKM yCroBM y CBaKOj Of LLKOMa Cy OLeHMBaHU Unm Kao
3apoBosbaBajyhu, Unu Kkao Hesagosorbasajyhu.

Mogaum cy aHanusvpaHu NOMONhy AEeCKpUNTUBHE CTaTu-
CTUKe, MoferoBaka nuHeapHor TpeHaa, lNnpcoHose Ko-
penauuje 1 perpecroHe aHanu3e kako 6u ce oueHuo cTa-
TYC U KBaANUTET CaHUTaAPHUX N XUTMjEHCKMX objekaTa, Kao u
npucycTtso E. coli y Bogun 3a nuhe.

primary schools.

 Evaluation of Sanitary and Hygiene Conditions: The san-
itary-hygiene conditions in primary schools in the Macva
District were analyzed based on reports from the Center
for Hygiene and Medical Ecology of the IPH Sabac from
2014 to 2023. Data were collected through direct inspec-
tions of school sanitary facilities and questionnaires cover-
ing information on sanitary-hygiene supervision. The ques-
tionnaire assessed whether the condition of the building
meets required standards (Yes/No/Partially) and the type
of water supply (Central water supply/Local water supply/
Local source). It also examined the method of solid waste
disposal (Hygienic/Unhygienic) and liquid waste disposal
(Municipal sewage system/Septic tank). Additionally, the
presence of sanitary facilities and devices for handwash-
ing was evaluated (Yes/No), as well as the existence of
a school yard (Yes/No). The condition of classrooms was
categorized as hygienic or unhygienic (Hygienic/Unhygien-
ic). Information on the presence of a gymnasium (Yes/No)
and whether it meets standards (Meets standards/Does
not meet standards) was also gathered. The questionnaire
further included details about the presence of a school
kitchen (Yes/No) and whether it meets standards (Meets
standards/Does not meet standards). Lastly, the type of
heating in the school was recorded (Central heating/Local
heating). Based on the responses, the overall hygiene con-
dition of each school was evaluated as either satisfactory
or unsatisfactory.

The data were analysed using descriptive statistics, linear
trend modeling, Pearson correlation, and regression analy-
sis to assess the status and quality of sanitary and hygiene
facilities, as well as the presence of E. coli in drinking wa-
ter.

The difference in observation periods (2012—2021 for mi-
crobiological water quality and 2014—-2023 for sanitary-hy-
gienic conditions) in this study is due to the availability of
data from different sources. Choosing a common time in-
terval was not feasible, as it would have resulted in the
exclusion of significant data from the earlier period for
water quality (2012-2013) and the later period for sani-
tary-hygienic conditions (2022—-2023). The defined time
frames enable the maximum utilization of available data,
contributing to the comprehensiveness of the analysis and
providing a more detailed insight into changes and trends
over the relevant time periods. This approach allows each
dataset to be analyzed in its full context, ensuring a better
interpretation of the results and their applicability in public
health decision-making.
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Pasnuka y nepnoguma nocmatpara (2012-2021. 3a Mu-
KpoburonoLKy mcnpaBHocT Boae u 2014-2023. 3a caHu-
TapHO-XUTMjeHCKe YCroBe) y OBOj CTyAMjU MpoucTuye us
OOCTYMHOCTM MnogaTtaka u3 pasnumuutux ussopa. Ogabup
3ajeHMYKOr BPEMEHCKOr MHTepBana Huje 6uo moryh jep
61 0oBEO 00 MCKIbYYMBaHa 3HavYajHe KONMUMHE noaaTaka
0 UcnpaBHOCTM BoAde M3 paHujer nepuoga (2012-2013) u
O CaHWUTapHO-XUIMjEHCKUM YCNOBMMa U3 KacHujer nepuoaa
(2022-2023). OedwuHncaHn BpeMeHCkn okBupu omoryha-
Bajy MakcumarnHo wuckopuwhewe AOCTYNHWX nopaTaka,
LUTO gonpuHocK cBeobyxBaTHOCTU aHanuse u obesbefhyje
JeTtaroHuju yeug y npoMeHe u TpeHAoBe y TOKY OArosa-
pajyhux BpemeHckux nepuoga. Osaj npuctyn omoryhasa
[a ce cBaku CKyn rnopataka aHanuaupa y notnyHoOM KOH-
TEKCTY, Ynme ce 06e36ehyje Borbe Tymadere pesynrara u
HMX0Ba MPUMEHIBUBOCT Yy NpoLecMMa AOHOLWEHa jaBHO-
30paBCTBEHNX OAYKa.

PesyntaTtu

MpucycTBo E. coliy Boau 3a nuhe y pypanHum oCHOB-
HUM LLUKOJNIaMa Koje ce cHabaeBajy U3 concTBeHux Oy-
Hapa (2012-2021)

Y ToKy nocmatpaHor nepuoga og 2012. go 2021. rogu-
He, aHanmM3MpaHo je yKynHo 2683 y3opka Boge Kako 6u
ce yTBpAMno npucycteo E. coli y Bogn 3a nuhe 13 nokan-
HUX cucTemMa BOJoCHabaeBawa y OCHOBHMM LUKONama y
MausaHckoM okpyry. [Nogaumn npeacraBrbeHn y Tadenu 1
06e36ehyjy cBeobyxBaTaH npernes koHTamuHauumje E. coli
y Boam 3a nuhe y OBUM LLKONaMa TOKOM nocmMaTpaHux ge-
CeT roguHa.

» bpoj ncnutaHmnx wkona u ysopaka: Ceake roguHe, 6poj
MCNUTaHMX LIKOrMa je Bapupao og 78 oo 109, gok ce 6poj
y3eTux y3opaka Bofe kpeTtao y oncery o 67 go 460. To-
KOM roguHa je yodyeH 3HayajaH nag 6poja ncnutaHux KO-
na v y3opaka, nocebHo TokoM naHgemuje kosmga-19. Oso
CMameHre je nocrieguua NnpoMeHe HayuHa paja Likona u
npenacka Ha UeHTpanu3oBaHe cucTteme BogocHabaesa-
Hba. Y TOKy geceToroguilukber nepvoga, 6poj aHanuanpa-
HWMX y3opaka Boge cMamwuno ce 437 u3 2012. roguHe Ha 88
Tokom 2021. roguHe, NMpuMapHoO ycnen cMakwewa 6poja
LUKOMa Koje MMajy ConcTBEHO BogocHabaeBare 1 npuepe-
MEHOr 3aTBapara LUKOna TOKOM naHaemuje kosupa-19.
MehyTnmM, yodYeHo je CTaTUCTUYKM 3Ha4YajHO CMaH-eH-e 0f,
9,8% y npoueHTy pypanHux Lkomna y unjum byHapuma je
npoHaheHa E. coli (R?=0,69). OBo yHanpehere ce moxe
npunucaTy MHCTanauujy KOHTWHyarnHux cucrtema 3a ge-
3MHdEKUMjy Y WKonama 1 npukrbyderwy 21 og 109 wkona
Ha jaBHe cucteme BogocHabaesara (Tabena 1).

« MpoueHaT pypanHux OCHOBHMX LLUKOMa ca NpUcycTeoMm E.

Results

E. coli Presence in Drinking Water in Rural Primary
Schools Relied on Individual Well (2012-2021)

During the observed period from 2012 to 2021, a total of
2,683 water samples were analysed to assess the pres-
ence of E. coli in drinking water from local water supply
systems in rural primary schools in the Madva district. The
data presented in Table 1 provide a comprehensive over-
view of E. coli contamination in drinking water in these
schools over these ten years.

* Number of Tested Schools and Samples: Each year, the
number of tested schools varied from 78 to 109, while the
number of collected water samples ranged from 67 to 460.
A significant decline in the number of tested schools and
samples was observed over the years, particularly during
the COVID-19 pandemic. This reduction is due to changes
in school operations and the transition to centralised water
supply systems. Over the ten-year period, the number of
analyzed water samples decreased from 437 in 2012 to
88 in 2021, primarily due to a reduction in the number of
schools with their own water supply and temporary school
closures during the COVID-19 pandemic. However, a sta-
tistically significant decrease of 9.8% in the percentage
of rural schools where E. coli was detected in wells (R?
= 0.69) was observed. This improvement can be attribut-
ed to the installation of continuous disinfection systems in
schools and the connection of 21 out of 109 schools to
public water supplies (Table 1).

» Percentage of Rural Primary Schools with E. coli Pres-
ence in Drinking Water: The percentage of schools where
E. coli was detected in drinking water started at 45.9%
in 2012, peaked at 65.2% in 2014, and then declined to
20.5% by 2021. This downward trend indicates improve-
ments in water quality management and sanitation practic-
es in schools over the years. Notably, there was a signifi-
cant drop from 65.2% in 2014 to 18.5% in 2020 (Table 1).

» Percentage of E. coli — Contaminated Water Samples in
Rural Primary Schools: The percentage of contaminated
water samples followed a similar pattern, starting at 19.6%
in 2012, rising to a peak of 41.7% in 2019, and then de-
creasing to 25.0% in 2021. Fluctuations in contamination
levels among different schools and specific years with
increased contamination risk, such as the increase from
17.3% in 2016 to 38.3% in 2017, suggest variability and
indicate the need for additional preventive measures and
assessment on regular operation and maintenance. The
average percentage of water samples with E. coli contam-
ination over the ten years was 25.97% + 8.89%. Parallel to

284

SERBIAN JOURNAL OF PUBLIC HEALTH

VOLUME 98  NUMBER 4

DECEMBER 2024



M. Cpehkosuh, H. Yano,T. fiyraHuuja, b. Byjkosuh, U. paruuesuh, b. JamwaHosuh, J. hekuh Man6alua

coli y Bogn 3a nuhe: MNpoueHaT wkona y Kojuma je oTkpu-
BEHO npucycTBo E. coli y Boau 3a nuhe noyeo je og 45,9%
y 2012. roguHe, JoCTUrao cBOj MakcUMyM Ha 65,2% 2014.
roguHe n notom nao Ha 20,5% po 2021. roanHe. OBaj HUC-
XOOHW TpeH ykasyje Ha yHanpehewe y KBanuteTy ynpa-
Brbaka BOAOM WM CaHUTaApHMM Mnpakcama y Lukofiama To-
KOM OBMX roamHa. YourbuBo je Aa NocToju 3HavajaH nag ca
65,2% y 2014. rognun Ha 18,5% y 2020. roamHun (tabena 1).

* MpoueHaT y3opaka BoAe KOHTaMUHUpaHux E. coli y py-
panHMM OCHOBHUM LWKonama: [NpoueHaT KOHTaMUHMPaHKX
y3opaka Bofe npaTuo je cnvyaH obpasay KpeTara, NoyeB
oa 19,6% 2012. rognHe, ogakrne je pactao 4O Makcumyma
oa 41,7% 2019. roanHe, a notoM nao Ha 25% 2021. ro-
avHe. ®nykTyaumje y cteneHuma KoHTamuHauuje nsmeny
PasnNMYMTUX LUKOMA M KOHKPETHWX rogmHa ca nosehaHum
PU3NKOM Of, KOHTaMuHauuje, Kao WTo je noeehawe ca
17,3% y 2016. rogunmn Ha 38,3% y 2017. rognHu, ykasyjy
Ha Bapu1jabunHocT u NoTpeby 3a 4OAATHUM NPEBEHTUBHUM
Mepama ¥ OLeHOM pedoBHOr paja u ogpxasawa. [poce-
YaH npoLeHaT y3opaka BoAe ca KoHTaMuHauujom E. coliy
TOKy nocmaTpaHux 10 rogmHa 6vo je 25,97% + 8,89%. lNa-
panenHo ca nosehawem cTone Ae3nHPUKOBaHUX y30paka,
gowrno je go naga y 6pojy wkona ca E. coli y Bogn (npo-
LieHaT LUKomMna ca KoOHTaMuHaLuumjom ce cManuno ca 45,9% y
2012. rognHmn Ha camo 20,5% y 2021. roguHun) (tabena 1).

Ta6ena 1. MNMpucycteo E. coli y y3opunma Boge 3a nuhe 13
LIKOSia ca fokanHuMM BogocHabaeBawem y MadBaHCKOM
okpyry, Cpbuja (2012-2021)

Bpoj (npoueHar)
pypanHUX OCHOBHUX
LUKONa Ha TepuTopUju
MauBaHcKor okpyra ca

Bpoj pypanHux
OCHOBHMX LUKONa
Ha TepuTOopuUjn

Bpoj y3opaka
Boae 3a nuhe
Ha TepuTOpUjn

the increase in the rate of disinfected samples, there is a
decline in the number of schools with E. coli in the water
(the percentage of schools with contamination decreased
from 45.9% in 2012 to just 20.5% in 2021) (Table 1).

Table 1. Presence of E. coli in drinking water samples from
schools with local water supply in the Macva District, Ser-
bia (2012-2021)

MpoueHaT y3opaka
npeunwheHe Boge u3
PypanHux oCHOBHUX
wkona y Ma4yBaHCKOM

Bpoj (npoueHar)

; y3opaka OKpYry ca fioKanHum
Madsancior okpyra Maueancior okpyra  IPUCYOTBON & S0Y  ourammmmpatinx  BoROCHaGAeBaHoM
loavHe BopocHabpeBawem BopocHab6aeBawem The number (percent- SHeey :; ::J:“hn:::'::
Years Number of rural pri- ~ Number of drinking age) of rural primary AT ([P cen. = o
mary schools in the water samples in the  schools in the territory S O DT P('arc'entage of purified
territory of Macva territory of Macva  of the Macva district dis- T w'ater sam . Qr/nk/ng M{ater samples
district district with district district with  trict where the presence Rl il = e i;nt;t;rxgggag sj;:f ;:.fh
local water supply local water supply of E. coli in drinking local water supply and
bEs purification systems
2012. 109 437 50 (45,9) 86 (19,6) 24,3
2013. 109 460 48 (44,0) 74 (16,1) 47,3
2014. 92 413 60 (65,2) 109 (26,4) 52,9
2015. 103 433 46 (44,6) 71 (16,4) 55,1
2016. 101 404 40 (39,6) 70 (17,3) 62,9
2017. 96 141 36 (37,5) 54 (38,3) 71,4
2018. 87 137 29 (33,3) 48 (35,0) 73,2
2019. 83 103 26 (31,3) 43 (41,7) 75,5
2020. 81 67 15 (18,5) 16 (23,9) 75,5
2021. 78 88 16 (20,5) 22 (25,0) 71,6
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Pesyntatn nuHeapHe aHanuse TpeHaa ykasyjy Ha cnaby
kopenauujy nsmehy BpeMeHa 1 NpoLeHTa KOHTaMUHUPaHUX
y3opaka Boge (y=1,5545x + 18,975, R?=0,25). Hacynpot
TOMe, NpoLEeHaT pypanHux wwkona ca E. coli y 6yHapuma je
nokasao 3HayajaH HUCXOOHWU TpeHn (y=-3,7127x + 54,747,
R2=0,69), wTto yKkasyje ga je cmawere y npucyctsy E. coli
Y pypanHum Lwkonama cTaTUCTUYKK 3Ha4ajHO (rpadonkoH 1).

MpadomkoH 1. TpeHgoBU KOHTaMmnHauwmje E. coli y Bogu 3a
nuhe y pypanHMM OCHOBHMM LUKOnamMa, MayBaHCKu1 OKpyrT,
Cpbuja (2012-2021)

70

The results of the linear trend analysis indicate a weak
correlation between time and the percentage of contami-
nated water samples (y = 1.5545x + 18.975, R? = 0.25).
In contrast, the percentage of rural schools with E. coli in
wells showed a significant downward trend (y = -3.7127x +
54.747, R? = 0.69), suggesting that the reduction in E. coli
presence in rural schools is statistically significant (Chart 1).

Chart 1. Trends in E. coli contamination in drinking water in
rural primary schools, Mac&va District, Serbia (2012—2021)

60

o L

¢ % E. coliy aHanu3aupaHum y3opuuma Boae
3a nuhe
% of E. coli in analysed drinking water samples

y =-3.7127x + 54.747
R? =0.6942

40

B % pypanHux LIKona y Kojuma je y 6yHapuma
oTKpuBeHa E. coli

30

% of rural schools where E. coli presence was
detected in wells

=== Linear (% E. coliy aHanu3upaHum y3opuuma
L 2 BoAe 3a nuhe)
Linear (% of E. coli in analysed drinking water
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y = 1.5545x + 18.975
R?=0.252
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samples)

=== Linear (% pypanHux LuUKona y Kojuma je y

0 T T T

6yHapuma oTkpuBeHa E. coli)
Linear (% of rural schools where E. coli
presence was detected in wells)

2012 2014 2016 2018

Mepuoa: 2012-2021
Period

CaHUTapHO-XUTNjeHCKU YCIOBU Yy pypanHAM OCHOB-
HUM Wwkonama (2014-2023)

Tabena 2 npukasyje yHanpeherwe caHUTapHUX U XUTUjeH-
CKMX YCroBa y OCHOBHMM LUKONama y MauBaHCKOM OKpyry
on 2014. no 2023. roguHe. [owno je A0 KOHTUHYyMpaHor
nosehara 6poja LKona ca UeHTpanM3oBaHM BOAOCHAb-
neaneM (ca 33,8% 2014. roguHe Ha 46,6% y 2023. roan-
HW) N LEHTPaNM30BaHUM KaHannsawlmMoHMm cuctemuma (ca
13,7% y 2014. rognHun Ha 14,8% 2023. roguHe). NctoBpe-
MeHo, 6poj wkona 6e3 caHMTapHux objekata ce cMmarmo
ca 19,6% 2014. roguHe Ha 0% 2023. roguHe. CnnyaH naa
je npumeheH y wkonama 6e3 centuykmx jama (ca 15,7% Ha
0%). OueHa 3agoBosbaBajyhmx XnrMjeHcknx ycrioa nopa-
cna je ca 79,9% Ha 90,5% (Tabena 2).

2020

2022

Sanitary-hygienic Conditions in Rural Primary Schools
(2014-2023)

Table 2 shows improvements in sanitary and hygiene con-
ditions in primary schools in the Macva district from 2014
to 2023. There has been a continuous increase in the num-
ber of schools with centralised water supply (from 33.8% in
2014 to 46.6% in 2023) and centralized sewage systems
(from 13.7% in 2014 to 14.8% in 2023). Simultaneously,
the number of schools without sanitary facilities decreased
from 19.6% in 2014 to 0% in 2023. A similar decline was
observed in schools without septic tanks (from 15.7% to
0%). The rating for satisfactory hygiene conditions in-
creased from 79.9% to 90.5% (Table 2).
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Tabena 2. [quctpubyumja BogocHabaeBaka, CaHUTapHUX
4YBOPOBA W XUIMMjEHCKMX YCrioBa Yy LKonama y MayBaHckoMm
okpyry, Cpbuja (2014—2023)

BopocHabgeBawe
Water Supply

CaHuTauuja
Sanitation

JlokanHo
BOAOCHab-
AeBawe U
COMNCTBEHU
6yHapwm (%)

LleHTpanHum
KaHanusaum-
OHU CUCTEM
(%)
Central sew-
age system
(%)

LleHTpanHo
BOAOCHAb-
AeBatbe (%)

CenTuuka
jama (%)

Septic tank
(%)

Central water
supply (%)

Local water
supply and
private wells
(%)

2014. 66,2 33,8 13,7 70,6
2015. 64,7 35,3 13,2 72,1
2016. 63,7 36,3 13,7 70,4
2017. 62,3 37,7 13,6 74,4
2018. 59,2 40,8 13,8 76
2019. 56,3 43,7 14,1 77,6
2020. 53,6 46,4 14,3 83,7
2021. 5ip5 48,5 14,4 85,6
2022. 53,7 46,3 14,7 85,3
2023. 53,4 46,6 14,8 85,2

Ynotpeba nokanHmx cuctemMa BogocHabaeBara n concrae-
HMX ByHapa cmamuBana ce 3a 1,71% roguwhe (R?=0,91,
p< 0,0001). LieHTpanHo BogocHabaeBawe ce nosehano 3a
1,71% rognwwe (R?=0,91, p<0,0001). LlenTpanHu kaHa-
NN3aLMOHN CUCTEMM NMOKaayjy He3HaTaH nopacTt oA 0,16%
roomwke (R?=0,87, p<0,0001). CenTuyke jame nokasyjy
3HayvajaH nopacT 3a 1,99% rognwwe (R?=0,91, p<0,0001).
LLikone ca caHuTapHuMm 0bjekTma nokasyjy Hajsehu no-
pacTt of 2,42% roguwwe (R?=0,96, p<0,0001). OueHa 3a-
AoBorbaBajyhux xurmjeHckmx ycnosa nopacna je 3a 1,42%
roguwhe (R?=0,90, p< 0,0001) (Tabena 3).

Tabena 3. Pe3yntatu nuHeapHe perpecuje 3a TpeHOoBe y
CaHUTapHO-XMIMjeHCKOM HaA30py y pyparnHvM OCHOBHUM
wkonama y MausaHckom okpyry (2014—2023)

Table 2. Distribution of water supply, sanitation facilities,
and hygiene conditions in schools in the Macva District,
Serbia (2014-2023)

CaHUTapHU YBOPOBHU XurujeHcku ycnoem

Sanitary facilities Hygienic conditions
LLikone ca
3apoBo- HesapoBo-
E LIRS LU 5 rbaBajyha rbaBajyha
es cen- TapHuMm caHuTap- T AT
RLOIEED - ClisiR - LIt XUFNjEHCKNX  XUTNjEeHCKNX
i) B SR ycnosa (%) ycnosa (%)
Without Schools NelelolS . .
soclank i wihou Sty Unsatsacoy
124 ?an_lf‘a.uy sfa.n_ltar}; dition rating dition rating
acilities  facilities (%) (%) (%)
(%) 0, 0,
15,7 80,4 19,6 79,9 20,1
14,7 82,4 17,6 80,4 19,6
9,8 84,3 15,7 78,9 211
12 85,4 14,6 80,9 19,1
10,2 87,2 12,8 82,7 17,3
8,3 89,1 10,9 82,8 17,2
2 96,4 3,6 86,7 13,3
0 97,4 2,6 89,2 10,8
0 100 0 90,5 9,5
0 100 0 90,5 985

The use of local water supply and private wells decreased
by 1.71% annually (R* = 0.91, P < 0.0001). Central wa-
ter supply increased by 1.71% annually (R* = 0.91, P <
0.0001). The central sewage system shows a slight in-
crease of 0.16% annually (R* = 0.87, P < 0.0001). Septic
tanks significantly increased by 1.99% annually (R* = 0.91,
P <0.0001). Schools with sanitation facilities show the high-
estincrease of 2.42% annually (R? = 0.96, P <0.0001). The
assessment of satisfactory hygiene conditions is increasing
by 1.42% annually (R? = 0.90, P < 0.0001) (Table 3).

Table 3. Results of linear regression for trends in sani-
tary-hygienic monitoring in rural primary schools in the
Macva District (2014-2023)

MpomeHbLMBa TpeHa FNoguwka npomeHa (%) p-BpeaHoCT R?
Variable Trend Annual Change (%) p-value
JlokanHo BogocHa6aeBawe U concTBeHu GyHapu HeratuBHa )
Local water supply and private wells Negative 1.7 < 0,0001 0,91
LleHTpanHo BoaocHabaeBake Mo3uTtuBHa
Central water supply Positive a4 = 0,0001 0:9i
LleHTpanHu kKaHanNnU3auMoHN CUCTEM Mo3uTtnBHa
Central sewage system Positive +0,16 < 0,0001 0.87
CenTtunyka jama Mo3ntuBHa
Septic tank Positive viee Sy b
CaHuTapHu 06jeKkTn MosntusHa +2.42 <0.0001 0.96
Sanitary facilities Positive ’ ’ ’
3apoBosrbaBajyha oueHa XMrmjeHCKMx ycrioBa Mo3utnBHa
Satisfactory hygiene condition rating Positive A2 =000 Ll
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JInHeapHu TpeHOoBM Nokasyjy 3HavajHo nosehawe y 6po-
jy wkona ca LeHTpanu3oBaHMM BogocHabgeBamwem (y =
1,7103x + 33,844) n ueHTpann3oBaHNM KaHann3aumoHnm
cuctemunma (y = 0,1594x + 13,313). Hacynpot Tome, 6poj
wkona 6e3 caHnTapHux objekata ce cmamyje (y=-2,4242x
+ 20,649), kao n 6poj wkona 6e3 centTuykux jama (y=-
1,9703x + 16,136), wTo yKasyje Ha yHanpehewa UHppa-
CTPYKTYPE U XWUIMjEHCKMX YCNOBa Yy LUKorama (rpadoukoH
2).

FpadomkoH 2. TpeHOoBU Y CAHUTaPHO-XUTMJEHCKNM YCO-
BMMA Yy pyparHuMM OCHOBHMM LuKonama y MauBaHckoM
okpyry, Cpbuja (2014-2023)

120

Linear trends show a significant increase in the number
of schools with centralized water supply (y = 1.7103x +
33.844) and centralised sewage systems (y = 0.1594x +
13.313). Conversely, the number of schools without sani-
tary facilities is decreasing (y = -2.4242x + 20.649), as is
the number of schools without septic tanks (y = -1.9703x
+ 16.136), indicating improvements in infrastructure and
hygiene conditions in schools (Chart 2).

Chart 2. Trends in sanitary-hygienic conditions of rural pri-
mary schools in the Macva District, Serbia (2014—2023)

y =6.8097x + 51.576
R?=0.4836
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y =-2.4242x + 20.649
R? =0.9558
-20

Mepuop: 2014-2023

Period
TpeHpoBu n perpecMoHa aHanusa yHanpehewa y ca-
HUTapHMUM ycrnoBuMa Hacnpam npucyctBa E. coliy py-
panHuM LKonama

Pesyntatn ctatuctnyke aHanmse (MupcoHoBe kopenaum-
j€) yKasyjy Ha CHaXKHy HeraTuMBHY kopernauujy namehy npu-
cyctBa E. coli y Boau n yHanpehera caHuTapHux ycrnosa
y pypanHum wkonama (kopenauuja =-0,91, p =0,0017) n
LeHTpanuaoBaHor BogocHabaesawa (kopenauuja = -0,90,

Trend and Regression Analysis between Improve-
ments in Sanitary Conditions and the Presence of E.
coli in Water in Rural Schools

The results of statistical analysis (Pearson's correlation)
show a strong negative correlation between the presence
of E. coli in water and improvements in sanitary conditions
in rural schools (correlation = -0.91, p = 0.0017) and cen-
tralised water supply (correlation = -0.90, p = 0.0025). Re-
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p=0,0025). PerpecroHa aHan13a nokasyje ga mogen Koju
obyxBaTa caHWTapHe 0O0jekTe, LEHTpanu3oBaHO BOAO-
cHabaeBawe N 3agoBorbaBajyhe xurmjeHcke ycrnose 06ja-
whaea 90,5% BapujaHce y npucyctey E. coli (R*=0,905,
p=0,0165).

Ouckycwnja

OBO UcTpaxuBame Harnalasa u garbe npucyTHU U3a3oB
y 06e3beheny 30paBCTBEHO MCMpaBHe Boae 3a nuhe n oa-
roBapajyhmx caHutapHux ycrnosa y pypariHUM OCHOBHUM
LLUKOMNama, LWTO je Kiby4HO jaBHO34paBCTBEHO NUTawe, no-
CebHO y 3eMSbama Ca HUCKMM M CPedwUM npumarsmma.
Hawe nctpaxuvBare nokasyje 3HavajaH Hanpegak y ksanu-
TeTy BOAE W CaHNTapHUM yCIoBMMa Y pypariHM OCHOBHUM
wkonama y MayBaHCKOM OKpyry y nocMaTpaHoM nepuoay.
Onapgajyhun Tpeng je 3abenexeH y 6pojy wkona y Kojuma
je E. coli buna npucytHa y Boau 3a nuhe, LWITO yKkasyje Ha
noborbluake y ynpasrbaky KBanuTeToM Bode M npakca-
Ma caHuTaumje. ¥3 To, nogaum nokasyjy nosehame y 6po-
jy wkona ca LeHTpanHuMm cUCTeMoM BofdocHabaeBawa 1
caHuUTapHUM 06jekTuMa, npaheHo NCTOBPEMEHMM CMah-e-
tem 6poja wkona 6e3 ogroeapajyhvx caHUTapHUX ycrno-
Ba. Pesyntatn ctatnctuyke aHanuse noTephyjy CHaxHy
noBe3aHoCT namehy yHanpeneHnx caHNTapHO-XUTNjEHCKNX
yCrnoBa 1 CMakeHe KoHTaMvHauuje Boge, Harnawasajyhu
3Hayaj cTanHux Hamnopa ga ce yHanpeau nHgpacTpykTypa
N xurmjeHa y wkonama. OnwTn TpeHAOBU yKasyjy Ha 3Ha-
YyajHo noborbluare Ae3nHdekumje Boge Y OCHOBHUM LLKO-
nama y MayBaHCKOM OKpyry, LITO MMAnuMumpa 4enoTBop-
Huje cucteme npedvwhaBawa Boge TOKOM rnocmaTpaHor
nepvoga. MehyTum, Bapujaumje y nocrnenHwnx HEKONmKo
roguHa, nocebHo nag 2021. roguHe, ykasyjy Aa cy Heon-
XOOHW CTanHu Hag3op M yHanpehewe npoueaypa, Kako
6w ce oagpxXanu BUCOKM CaHUTapHu cTaHgapau. MNotpebHo
je [opgatHo McTpaxuBame kako Ou ce yHanpeauna Meto-
jornorvja kopuwheHa y OBOM UCTpauBaky U criposena
cBeobyxBaTHMja OLeHa CaHWTapHO-XUMMjeHCKMX yCcroBa Y
LUKonama, ykibyuyjyhu n npmeHy Metogonoruje nu3 Hawler
NCTpaxmBaka Ha LUKONe y APYrMM OKpy3uma v permoHu-
Ma. YBohere MefhyHapoaHoO NpusHaTux MeTogororunja, kao
wTo je JMI, morno 6u ga o6e3begn TauHwje nogaTke u
onakwa cMmucneHo nopehewe ca pesyntatmma u3 apyrmx
pervoHa v 3emarba.

Hanasu uctudy npesaneHuujy koHTamuHauuje E. coli y
BoAM 3a nuhe, WTO NpeacTaBiba 3HayajaH 34paBCTBEHM
PY3UK NO Y4eHWKe 1 Harnawasa noTpeby 3a 4enoTBOPHUM
MHTEpBeHUMjaMa y obnacTtn BogocHabaeBana, caHuTauu-
je n xurujere. lNMpucycteo E. coliy nssoprma Boge 3a nuhe,
Koje je yTBpheHo y pypanHum Lwikonama MaysaHCKOr okpy-
ra'y Cpbuju, y cknagy je ca Hanasuma u3 CrimdHux ctyguja
Koje cy cnpoBefeHe wmpom ceeTa u 'y Cpbuju, ykasyjyhu

gression analysis shows that a model including sanitary fa-
cilities, centralised water supply, and satisfactory hygiene
conditions explains 90.5% of the variance in the presence
of E. coli (R*=0.905, p = 0.0165).

Discussion

This study highlights the ongoing challenge of providing
safe drinking water and adequate sanitary conditions in ru-
ral primary schools, a key public health issue, particularly
in low- and middle-income countries. Our research demon-
strates significant progress in water safety and sanitation
conditions in rural primary schools in the Macva District
over the observed period. A declining trend was record-
ed in the number of schools where E. coli was present in
drinking water, indicating improvements in water quality
management and sanitation practices. Additionally, the
data show an increase in schools with central water sup-
ply and sanitary facilities, accompanied by a simultaneous
decrease in schools without adequate sanitary conditions.
The results of the statistical analysis confirm a strong as-
sociation between improved sanitary-hygienic conditions
and reduced water contamination, underscoring the impor-
tance of ongoing efforts to enhance infrastructure and hy-
giene in schools. The general trends indicate a significant
improvement in water disinfection in primary schools in
the Macdva District, suggesting more effective water puri-
fication systems during the studied period. However, var-
iations in the last few years, particularly the decrease in
2021, suggest that continued monitoring and improvement
of procedures are necessary to maintain a high level of
sanitary standards. Further research is needed to improve
the methodology used in this study and enable a more
comprehensive assessment of sanitary-hygienic condi-
tions in schools, including the application of the method-
ology from our research to schools in other districts and
regions. Incorporating internationally recognized method-
ologies, such as JMP, could provide more accurate data
and facilitate meaningful comparisons with results from
other regions and countries.

The findings emphasize the prevalence of E. coli contam-
ination in drinking water, which poses a significant health
risk to pupils and highlights the need for effective water,
sanitation, and hygiene interventions. The presence of E.
coli in drinking water sources, as identified in rural schools
of the Macva District in Serbia, aligns with findings from
similar studies conducted worldwide and in Serbia, indi-
cating the widespread nature of this problem across dif-
ferent geographical regions [5, 14, 15, 17]. A recent study
highlighted the strong association between access to san-
itary-hygienic conditions services and child malnutrition in
urban and rural areas of China, suggesting that integrating
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Ha LUMPOKY pacnpocTpareHOCT oBor npobriema y pasnu-
4nTUM reorpadpckum nogpyyjuma [5, 14, 15, 17]. HegasHa
cTyamja je Harnmacmna CHaxHy noBe3aHoCT uamehy npu-
CTyna ycriyrama caHutaumje u XurmjeHe 1 HeyxpaHheHocTu
Kog feue y ypbaHum un pypanHum genosuma KuHe, LwTO
ykasyje ga bu uHTerpucare yHanpehewa caHUTapHO-Xu-
rMjeHCKMX yCcrioBa ca Wyp1uM nporpamMmmmMa y obnactu sgpa-
BIba M UCXpaHe MOIMOo Aa AOoHece 3HadvajHuje pesynTare.
MegawmjaunoHa aHanmsa je oTkpuna ga cy CaHUTapHO-XUrn-
JEHCKM yCcnoBu JonpuHenu cmakweny of 23,96% (95%Cl
4,34-43,58%) y pasnuum y ycnopeHom pacty namehy yp-
6aHMX 1 pypanHux nogpyyja, AOK NpaBWiHe npakce uc-
XpaHe 1 30paBCTBEHe 3alTuTe HWUCY Nnokasane 3HadajaH
yTunuaj [18].

YTuuaj HeagekBaTHMX CaHUTAPHO-XUIMjEHCKUX Yycriosa
npocTupe ce Jarbe Of HENMoOCPeLHUX 30PaBCTBEHNX UCXO-
na. Ctyavje, kao WTO je OHa Kojy cy cnposenu Yapa et
al, (2018), nokasane cy ga yHanpehewe BogocHabaesa-
Ha, CaHUTauuMje U XUIMjeHe y LWKonamMa MOXe Aa CMahsu
UHUMaeHUujy 3apasHux 6onectu, WwWTo foBoaM A0 6orbumx
YKYMHUX 34paBCTBEHMX M 0O6pa3oBHUX MCXOQa 3a yveHu-
ke [13]. CnuyHo Tome, Mekmajkn (2019) Harnawasa ga je
o6e3beherne 6e3benHNX CaHUTapHO-XUMMJEHCKUX yCrnoBa
y LIKOMaMa of Kiby4HOr 3Hadvaja 3a cTBapawe noapka-
Bajyher okpyxeha 3a y4yewe, y3 CMarehe M3ocTaHaka
M NpoMmouMjy 30paBCTBEHE paBHOMPaBHOCTU. Pesyntatu
Hale cTyauje farbe noapkaBajy apryMeHTe 3a ycBajare
WHTErpncaHnx v O4PKNBUX CAHUTAPHO-XUIMjEHCKUX MHTEP-
BeHuuja [3]. Kupupa et al. (2023) cy nokasanu genotsop-
HOCT MYNTUCEKTOPCKMX NPUCTyNa y yHanpehewy npucrtyna
MCNpaBHOj BoaM y pypanHum wkonama y Kenuju [4]. Cnnu-
HO TOMe, MHTEPBEHLMje YCMEPEHE N Ka UHMPaCTPYKTyp-
HWM, 1 Ka NOHaLlajHUM NpoMeHaMa HEeOMNXO4He Cy 3a Ayro-
poYHO yHanpeherwe caHUTapHO-XUrMjeHCcKux ycrosa [12].

Ynpkoc cBMM UHBECTMUMjama, N farbe nocToje U3asoBu y
06e36eheny ogpxmBmx yHanpehewa y pypanHum nogpy.-
jvMa, y KojuMa MHpacTpyKTypHa u durHaHcujcka orpa-
HUYeHa Y4eCcTO CyxaBajy AeroTBOPHOCT MWHTepBeHLMja.
KacTturso et al. (2024) cy pa3Bunuv MHAEKC pawMBOCTY 3a
pypanHa nogpydja y Yuney, wrto 6u morao 61T KopmcTaH
WHCTPYMEHT 3a uaeHTuduKaumnjy n uurbawe Hajparusu-
jvx nonynaumja y Cpbuju n cnmyHMM KoHTekcTuma [19].
LWraBuwe, cTtyavje ykasyjy Aa dekanHa KoHTamuHauuja
n3Bopa Bofe, YaK 1 Kafa rnocToju NHpacTpyKTypa, Moxe
[a ce jaBu Kao nocnefuua HenpasuIHOr ofdpXaBamwa U
npesunaa, LWTO yCroBfbaBa pPefoBaH HaA30p W aHraxosa-
e 3ajegHuue [14]. Nako cy oBM Hamopu of Kiby4HOr 3Ha-
Yaja, Halle UCTpaxusare Huje ncnutano apyre axkrope
Koju 61 MOrnM MMaTh yTuuaj, Kao LUTO Cy ogpKaBare U
YHKLUMOHANHOCT cucTema 3a Ae3nHdekunjy, ksannduka-
Luje 3anocreHnx, unu sawtuTa ussopuwita. flogatHo, uc-

sanitary-hygienic conditions improvements with broader
health and nutrition programs could yield more significant
results. The mediation analyses revealed that sanitary-hy-
gienic conditions contributed to reducing 23.96% (95% CI:
4.34-43.58%) of the differences in stunting between urban
and rural areas, whereas early proper feeding practices
and healthcare did not show a significant impact [18].

The impact of inadequate sanitary-hygienic conditions
goes beyond immediate health outcomes. Studies, such
as the one conducted by Chard et al. (2018), have shown
that improvements in water supply, sanitation, and hygiene
in schools can reduce the incidence of infectious diseases,
leading to better overall health and educational outcomes
for students [13]. Similarly, McMichael (2019) emphasizes
that providing safe sanitary-hygienic conditions in schools
is crucial for creating a conducive learning environment, re-
ducing absenteeism, and promoting health equity. The re-
sults of our study further support the argument for adopting
integrated and sustainable sanitary-hygienic interventions
[3]. Kirira et al. (2023) demonstrated the effectiveness of
multisectoral approaches in improving access to safe wa-
ter in rural schools in Kenya [4]. Likewise, interventions ad-
dressing both, infrastructural and behavioral changes are
necessary for long-term improvements in sanitary-hygienic
conditions [12].

Despite all investments, challenges remain in ensuring sus-
tainable improvements in rural areas, where infrastructural
and financial constraints often limit the effectiveness of in-
terventions. Castillo et al. (2024) developed a vulnerability
index for rural areas in Chile, which could be a useful tool
for identifying and targeting the most vulnerable popula-
tions in Serbia and similar contexts [19]. Moreover, studies
indicate that fecal contamination of water sources, even
when infrastructure exists, can result from improper main-
tenance and oversight, necessitating regular monitoring
and community engagement [14]. Although these efforts
are crucial, our research did not explore other influential
factors, such as the maintenance and functionality of dis-
infection systems, staff qualifications, or source protection.
Additionally, the study did not examine how seasonal vari-
ations or external factors, such as septic tank functionality,
might influence contamination levels. These aspects could
provide further insights into the causes of contamination
and the sustainability of interventions.

Bartram et al. (2015) and WHO (2018) also emphasize
the importance of ongoing global monitoring of water sup-
ply and sanitation, as well as the development of robust
guidelines to support national and local efforts in ensuring
safe sanitary-hygienic condition services [6, 7, 10]. Global
experiences and evidence from studies, such as those pre-
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TpaXuBarwe HUje Ucnutano kako 6u cesoHcke Bapujaumje
UnNu cnosballkby PakTopu, Kao LWTOo je (PyHKLMOHANHOCT
CenTUYKMX jama, MOIMK Aa YTUYY Ha UHTEH3UTET KOHTaMK-
Hauwuje. OBn acnekTn 6u MOrnu JOHETU JogaTHe yBuae y
y3pOKe KOHTaMMHaLuWje 1 0OpXKMBOCT MHTEPBEHLM]a.

Baptpam et al. (2015) n C30 (2018) Takohe Harnawaeajy
3Hayaj ctanHor rnobanHor Hag3opa BogocHabgeBawa U
caHuTaLmje, Kao U pa3Boja CHaXHMUX CMepHMLa Kojuma 6u
ce nogpkanu HauuoHanHU 1 nokanHu Hanopu y obesbe-
hewy 6e3beaHnx ycnyra caHuTaumje n xurnjene [6, 7, 10].
mobanHa nckycTBa 1 Jokasu U3 cTyamja, Kao LTO Cy OHe
npegctaBibeHe y OBOj ANCKYCUjU, MO3MBAjY Ha BULLECOjaH
MPUCTYN KOjM Ce KOMOWHYjy TEXHOroLke, 06pa3oBHE U
WHTEpBeHUWje y obnacTu nonuTunka Kako ou ce ocurypano
OAPXMBO yHanpehere y caHUTapHO-XUIMjeHCKUM YCroBK-
Ma y wkonama [1, 2, 20].

Hawa crygunja 6enexun nag 6poja wKona ca KOHTaMUHK-
paHMM cucTeMMMa 3a BogocHabaeBawe HakoH yBohena
CTpOXer Haa3opa, KOHTPONHUX Mepa M yHanpehewa ca-
HuTaumje, nocebHo HakoH 2016. roguHe. MehyTum, Tokom
naHgemuje kosmga-19, gowno je go Grnaror nosehana KoH-
TamuHaumje 2021. roguHe, WITO MOXe Aa yKa3yje Ha cma-
HEHY YYECTarnoCT MHCNEKUMJCKOr Haa3opa Unn n3asose y
cnpoBohekwy pefoBHUX Mepa caHuTauuje, Kao 1 paga u
OLpXXaBara, Kao LUTO je NoKa3aHo y HeJaBHUM CTyaujama
[17]. CTora je oa KpUTUYHOr 3Ha4aja Aa ce HacTaBu OCHa-
XnBare NHPACTPYKTYPHUX N e4yKaTUBHUX Mepa Kako bu
ce NOCTUIMY OAPXKMBY pe3ynTaTn y CBUM LUKoama, noceo-
HO Y KOHTEKCTY MOTEHUMjarTHMX n3a3oBa TOKOM 34paBCTBe-
HMX Kpu3a Kao WTo je 6buna naHgemuja kosnga-19 [9, 21].

Hanasu n3 aHanuse y Halwoj cTyguju Harnawasajy 3Havaj
pasyMeBaha MOKaNHUX pu3nKa of KOHTaMuHauuje Boae
1 notpeby 3a KOHTUHyanHWM yHanpefhewem ynpaBrbarba
KBanuTeToM BoOAe, NMOCeOHO Yy OCETIbUBMM OKpYXehsnuma
Kao LUTO Cy OCHOBHe LuKore. To ce nokrana ca LWmMpuM rro-
GanHuM NUTaknMa KoHTamMmMHauuje Boge 3a nuhe, kao LWTo
je HarnalleHo y NnCTpaxuBamy, rae je nokasaHo ga CrnyHu
13a30BM NMOCTOje y pa3HMM pernoHmma Lumpom ceeta. Kao
ny CA[L [22], rae npocunu pusmka of N3rnoXeHOCTU CHa-
XKHO Bapupajy y 3aBUCHOCTU O KOHTaMUHaHTa U permoHa,
Hawe ucTpaxuBawe y MayBaHCKOM OKpyry Harnawaea
notpeby 3a ctanHuMm HamopvMa Aa ce yHanpeau Ae3uH-
dekumja Boge M XurmjeHcka mHdpacTpykTypa, nocebHo
umajyhn y Buay HegasHe dnykTyaluje KkBanuteTa Boje.

Hanasu Hawer nctpaxusara cy y cknagy ca rnobanHum
yBMauMa, KOju Harnawasajy 3Hadaj nocebHo npunarohe-
HMX cTpaTeruvja Koje yaumajy y 063vp NoKanHu KOHTEKCT 1
ycnose.

sented in this discussion, call for a multi-layered approach
that combines technological, educational, and policy in-
terventions to ensure sustainable improvements in sani-
tary-hygienic conditions in schools [1, 2, 20].

Our study records a decrease in the number of schools with
contaminated water systems following the introduction of
stricter monitoring, control measures and improved sanita-
tion, especially since 2016. However, during the COVID-19
pandemic, there was a slight increase in contamination in
2021, which may indicate reduced inspection frequency
or challenging conditions for implementing regular sani-
tary measures, and operation and maintenance, as shown
in recent studies [17]. Therefore, it is crucial to continue
strengthening infrastructural and educational measures to
achieve sustainable results in all schools, particularly in the
context of potential challenges during health crises such as
the COVID-19 pandemic [9, 21].

The findings from the analysis in our study underscore the
importance of understanding local water contamination
risk profiles and the need for continuous improvements in
water quality management, particularly in vulnerable set-
tings such as primary schools. This aligns with broader
global concerns about drinking water contamination, as
highlighted in research showing that similar challenges
exist in various regions worldwide. Just as in the US [22],
where exposure risk profiles vary widely by contaminant
and region, our study in the Macva District emphasizes the
need for sustained efforts to enhance water disinfection
and hygiene infrastructure, particularly given the recent
fluctuations in water quality.

The findings of our study align with global insights, empha-
sizing the importance of tailored strategies that consider
the local context and conditions.

Potential Implications and Future Directions

Despite significant progress in water quality and sanitation
conditions in rural schools, further research is needed to
assess the long-term effects of implemented measures
and identify additional interventions that can contribute
to sustainable improvements in sanitation. Limited san-
itary-hygienic conditions services, unsafe drinking water,
poor sanitary, and inadequate hygiene practices lead to
behaviors that directly affect the health of students. Stud-
ies, including those in Nepal, suggest that it is crucial to
expand sanitary-hygienic conditions awareness programs
to the families of students and enhance preventive and
therapeutic measures against potential infections [23].

The developed vulnerability index has significant potential
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MoTeHuujanHe umnnukaumje n 6yayhu npasum

YNpKoC 3Ha4yajHOM HanpeTKy y UCMpaBHOCTU BOAE U YCro-
BMMa CaHuWTauuje y pyparHum LiKorama, notpebHo je
[00AaTHO UCTpaXuBame Kako Ou ce OueHUNM OyropoyHu
edeKTn CnpoBeAeHNX Mepa v yTBpAune godatHe MHTep-
BEHUMje Koje MOory Ja JoNpUuHecy OApXuBOM yHanpehewy
caHuTaumje. OrpaHnyeHe ycnyre caHuTaumje U XurnjeHe,
HeucnpasHa Boda 3a nuhe, nowle npakce caHuTauuvje u
HeoAroeapajyhe xurnjeHcke npakce 0oBoAe [0 MoHalla-
Ha Koja OMPEKTHO yTudy Ha 3apasrbe yyeHuka. CTtyauje,
yKrbyyyjyhu oHe 13 Henana, ykasyjy Aa je Kiby4HoO ga ce
npoLumpe nporpaMmu MHopmMucara 0 CaHUTapHO-XUrNjeH-
CKMM yCMnoBMMa Ha nopoguue y4yeHuka, Te Aa ce yHanpeae
NpeBeHTUBHE U Tepanujcke Mepe NpPoTUB MOTEHLMjanHuX
UHekumja [23].

Pa3Boj nHaekca oceTrbMBOCTY MMa 3HadajaH noTeHuumjan
Kao MHCTPYMEHT 3a npahere Aen0TBOPHOCTM NONUTMKa U
aKTVBHOCTM YCMEPEHNMX Ka CMareHy parMBOCTU Y YCIy-
rama BogocHabgeBawa U caHuTaumje y pypanHum obna-
cTMMma, WwTo 06e3behyje BULLEAMMEH3NOHO carnefaBane
n3asoBa ca Kojuma ce Te 3ajegHuue cyodasajy [19]. Kako
v ce NoCcTUrao yHMBep3anHu NpUcTyn OCHOBHUM ycCriyra-
Ma Bode 3a nuhe, caHUTaumje 1 XurmjeHe y Likonama go
2030. roguHe, TpeHyTHe cTone HanpeTka he mopaTn a ce
nosehajy cegam, netT u 4yetupu nyTa, pegom [21].

[arca uctpaxmeama Cy of Kiby4HOr 3Hadvaja 3a pasyme-
Bak-e Kako W y KOjoj Mepy MHTepBeHLmje Y 0bnactu wKkon-
CKUX XUIMjEHCKO-CaHUTapHMX YCroBa MOry Aa yHanpege
XUIMjEHCKe HaBWMKe W 30paBibe LUMper Kpyra 4rnaHoBa
nopoguue un 3ajegHuue. [lokasu o yTuuajy oBux nporpa-
Ma Ha CMareH-e OOCYCTBOBara Y4YeHMKa M3 LUKONe cy
pasHonukn. Nako obesbehmBarbe NpucTyna 3apaBCcTBEHO
WCNpaBHOj BOAM, CaHMTaUMj 1 NPOMOLIMja XUTjeHe Y LLIKO-
nama vmajy Benviku noTeHuunjan 3a yHanpehene 3gpasrba
n obpasoBara, a AONPUMHOCE M MHKMY3Wju N paBHOMNpas-
HOCTW, cnpoBofere MHTEPBEHUMjA Y 0ONacTy LLUKOCKMX
CaHUTapHO-XMINjEHCKMX YCMOBa He rapaHTyje No3vTUBHE
ucxoge. PuroposHa wcTpaxuawa, Monutuyka Borba U
[EenoTBOPHE MHTEpPBEHUMje, ca BUCOKUM MpUApKaBakeM
nporpama, cy HeonxogHu [3]. HegaBHa cTyauvja je goHena
CMEepHMLE 3a onakwasahe aujanora namehy ampekropa
WwKona, obpa3oBHMX agMUHMCTpAToOpa, JOHOCKMOoLA oasy-
Ka W Wupe 3ajegHule y unrby yHanpehewa ynpasrbama
ycnyrama caHutauumje u xurujeHe. OobujeHn pesynrtartu
MOry [a CryXe M Kao OCHOB 3a farba MCTpaxusara U
npahewe HanpeTka y cnpoBofewy M ofgpxaBaky ycryra
caHuTauuje n xurmjeHe y wkonama [20].

AHraxxoBam€ LUMpe 3ajefHuue y nporpammMma kako 6u ce
yHanpegunu ycrnosu caHutaumje n KOHTUHyanHo nparuna
WCNpPaBHOCT BOAEe MOry Aarbe Ja CMake PUsnK of KOHTa-
MUHaLmje 1 yHanpeae 3apasrbe yYeHnka. Takofhe je BaxHOo
UCTPaXMTU Kako pasnuunutu nNpucTynm cucteMmmma 3a BO-
AocHabaeBare 1 caHuTaLumjy YTUYy Ha XUrnjeHcke npakce

as a tool for monitoring the effectiveness of policies and
actions aimed at reducing vulnerability in water supply and
sanitation services in rural areas, providing a multidimen-
sional perspective on the challenges faced by these com-
munities [19]. To achieve universal access to basic drinking
water, sanitation, and hygiene services in schools by 2030,
current rates of progress will need to increase seven, five,
and four times, respectively [21].

Further research is essential to understand how and to
what extent school sanitary-hygienic conditions interven-
tions can improve hygiene habits and the health of a broad-
er circle of family members and the community. Evidence
on the impact of these programs on reducing student ab-
senteeism is mixed. Although providing access to safe wa-
ter, sanitation, and hygiene promotion in schools has great
potential for improving health and education, as well as
contributing to inclusion and equity, the implementation of
school sanitary-hygienic conditions interventions does not
guarantee positive outcomes. Rigorous research, political
will, and effective interventions with high program fidelity
are necessary [3]. A recent study has provided guidelines
to facilitate dialogue between school managers, education-
al administrators, decision-makers, and the broader com-
munity to improve the management of sanitary-hygienic
conditions services. The results obtained can also serve
as a basis for future research to monitor progress in im-
plementing and maintaining sanitary-hygienic conditions
services in schools [20].

Engaging the broader community in programs to improve
sanitary conditions and continuously monitoring water
quality can further reduce the risk of contamination and
improve student health. It is also important to explore how
different approaches to water supply and sanitation sys-
tems affect hygiene practices and the overall health of stu-
dents and staff [24]. To achieve universal access to basic
drinking water, sanitation, and hygiene services in schools
by 2030, it is necessary to significantly increase current
rates of progress, with continuous adaptation of measures
based on long-term effects and specific needs of rural
schools [9, 21].

Conclusion

Our study highlights the critical role of improving sanitation
conditions and access to centralised water supply in reduc-
ing drinking water contamination in rural primary schools.
The results show a significant association between im-
proved sanitation facilities and the reduced presence of
E. coli in well water, indicating that interventions aimed at
increasing access to centralised water supply and main-
taining high hygiene standards are essential for enhancing
water safety. The reduced reliance on local water sources,
which are often prone to contamination, further supports
the safety of centralized systems.
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N CBEYKYMHO 34paBrbe yyYeHuka u 3anocneHmnx [24]. Kako
61 ce nocTurao yHuBep3sanaH NpUCTyn OCHOBHWUM ycCryra-
Ma 3a Bogy 3a nuhe, caHuTaumjy n XUrmjeHy y wkonama go
2030. roanHe, HeonxodHo je 3HayajHo noBehatu akTyenHe
cTone HanpeTka, y3 KOHTUHyanHo npunarohaBake Mepa
Ha OCHOBY AyropoyHux edpekarta u cneundmnyHmx notpeba
pypanHux wkona [9, 21].

3akrbyyvak

Hawa cTtyaunja Harnawasa KpuUTU4HY yrory yHanpehemna
caHuTaumje n npucTyna LeHTpanM3oBaHOM BogocHabae-
Baky Yy CMakery KOHTaMnHauuvje Boae 3a nuhe y pypan-
HUM OCHOBHMM LLKONama. Pesyntatyv nokasyjy 3HadajHy
Kopenauujy mamehy yHanpefheHux caHuTapHux objekara
N cMakeHor npucyctea E. coli y Bogn y 6yHapuma, LWTO
yKasyje Oa WHTepBeHUMje ycmepeHe Ka nosehamwy npu-
CTyna LeHTpanu3oBaHuM cuctemmuma BogocHabaeBana 1
ogprKaBakby BUCOKMX CTaHAapAa XUrnjeHe urpajy KibyudHy
ynory 3a yHanpehere 3apaBcTBEeHe WCMPaBHOCTU BOAE.
CmareHo ocnarare Ha NokanHe M3Bope BOAge, KOju Cy
4YeCTO MOASOXHM KOHTaMVHaUMjW, Aarbe roBopu y nNpunor
0e36eaHOCTM LieHTpann3oBaHUX cucTemMa.

Mako noctoju ouvrnenaH Hanpegak y caHutaumjn u
NCNpaBHOCTM BOAe, Aarbe UCTpaxvBawe M KOHTUHyMpa-
HW Hanopw cy noTpebHu ga 6u ce 06e3beanna ogpKMBOCT
OBUX yHanpehewa U UCTPaXnnu SOoOaTHU CaHUTapPHO-XU-
FMjEHCKN aCcnekTu, Kao LUTO Cy yrnpaBibake MEHCTpyariHOM
XWUIMjeHOM, paj U OApKaBake CaHUTapHO-XUIMjeHCKe WH-
pacTpykType M 3a40BOSbCTBO YYEHMKA CaHUTapHO-XM-
rMjeHCKMM 4YBOpOBMMA. YCBajakbe XONMCTUYKOr MpucTyna
Koju obyxBaTa yHanpehewe WHDPaCTPYKType, aHraxo-
Batbe 3ajegHule, pefoBHO npahewe MCnpaBHOCTM BOAE
N egykaumjy o XUrMjeHCKMM Mnpakcama je KrbyvyHo 3a ay-
FOPOYHYy 3alUTUTY 34paBSba feue y pypanHuMm nogpy.ju-
Ma. TakBe WHTerpmcaHe MHTepBEHUMje Mory 3HayajHO fa
CMah-e pu3nK o 3apasHux 6onectu n yHanpege 3apasribe
n gobpobut ydeHuka. lNMpenopyyyjeMo Aa ce cnpoBeny
JofaTHa McTpaXnBaka YCMepeHa Ha OyropovHe edekTe
cnpoBefeHnX Mepa 1 MAeHTUdUKaLmMj)y garsux MHTEpPBEH-
Luja Koje Mory Aa AOoMpuHecy ogpxuMBuM noborbliawmuma
CaHUTaPHUX U XUTMjEHCKMX YCINOBA Y LUKOJICKUM OKpYXKe-
HMMa.

KoHdnukT nHtepeca

AyTopu 13jaBrbyjy Aa je UcTpaxunsare CrpoBeaeHo y3 oa-
CYCTBO OMMO KakBMX KOMepUMjanmHUX MUIn OUHAHCUJCKNX
OfHOCa Koju Ou ce MormM TyMaunTu Kao MoTeHuujanHm
KOHCOIUKT MHTEpeca.

®PuHaHcupamwe

3a cnpoBohewe 0BOr UCTpaxuBarwa W/unv m3pagy OBOr
paga Huje NPUMIbEHO HUKAKBO PMHAHCHpPaHE.

While there has been evident progress in sanitation con-
ditions and water safety, further research and continuous
efforts are needed to ensure the sustainability of these
improvements and explore additional sanitary-hygienic as-
pects such as menstrual hygiene management, operation
and maintenance of sanitary-hygienic infrastructure, and
pupils’ satisfaction with sanitary-hygienic facilities. Adopt-
ing a holistic approach that includes infrastructure en-
hancement, community engagement, regular water quality
monitoring, and education on hygiene practices is crucial
for the long-term protection of children's health in rural ar-
eas. Such integrated interventions can significantly reduce
the risk of infectious diseases and improve students’ health
and well-being. We recommend that additional research
focused on the long-term effects of implemented meas-
ures and the identification of further interventions that can
contribute to sustainable improvements in the sanitary and
hygiene conditions of school environments should be con-
ducted.
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