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CaxeTak

ObesbehuBarbe ycnyre cHabgeBawa BOAOM MyTEM Manunx BOOOBOLAHWUX
cucTema 3a BogocHabaesawe (MBCB), y unTtaBoj NaHeBpornckoj peruju,
cyo4yeHo je ca 6pojHum m3asosuma. OBo je npea cBeobyxBaTHa CTyAu-
ja Ha HaumMoHamHOM HUBOY Koja ce GaBuna NpPoLEHOM KBanuTeTa BOAE
3a nuhe n caHuTapHoO-XUrnjeHckum ycnosuma y Penybnuvum Cpbuju.
VcTpaxunBatbe je cnpoBegeHo y pypanHum nogpydjuma Penybnuke Cp-
6uje Tokom 2016. rogrHe n 3acHoBaHO Ha MeTofonoruju 6p3e npoueHe
CeeTcke 3gpaBcTBeHe opraHu3aumje (C30). Y cBpxy nctpaxvsana npe-
nosHata cy Tpu Lnpa nogpydja (LUM) kojuma cy obyxsaheHa 26 okpy-
ra Ha OCHOBY reorpad)CkmMx 1 COLIMO-eKOHOMCKMX oanuka: BojsognHa m
cegam npuapyxeHux okpyra kao LUM1, 3anagHa Cpbuja, Wymagnja m
Beorpan ca geser npuapyxeHux okpyra kao LUM2 n JyxHa n UctouHa
Cpb6uja, Kocoscka MutpoBuua n geceT npuapyxeHux okpyra kao LUTM3.
YkynHo je 1168 BogoBogHUX cucTteMa obpaheHo, y30pkoBaHO U aHanm-
31paHo NPUCYCTBO oArpeneHnx MUKPOBMOMOLLKMX 1 OU3NHKO-XEMUCKUX
napametapa y tuma. CTyamja je npukasana pasnuke y nponopuujama
MUKPOBUONOLLIKMX U MOjeANHaYHNX OU3NYKO-XEMU]CKUX KapakTepucTrKa,
Kao n caHuTapHux oueHa mefy LUupum nogpyyjuma. KomnapaTtveHoM
aHanusoM Manux BOAOBOAHMX CUCTeMa 3a CHabaesawe BoAoM 3a nvhe
npoHaheHa je CTaTUCTUYKM BUCOKO 3HaYajHa pasfnuka y KBanuteTy Bode
3a nuhe 1 naeHTUMUKOBaHN Cy CaHUTapHU pU3nLM Mefly nocmaTpaHum
noapy4juma.

Krby4He peuun: Manv BoOoOBOOHM CUCTEMU, KBATIUTET BOAE
3a nuhe, caHUTapHa uHcnekumja
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Abstract

Provision of water supply service, through small-scale water supply sys-
tems (SSWS), is faced with many challenges in the entire pan-European
region. This was the first comprenhensive national study that assessed
drinking water quality and sanitary conditions in Serbia. This national
survey was undertaken in rural areas of the Republic of Serbia in 2016
and on the basis of the WHO rapid assessment methodology. For the
purpose of this study, three Broad Areas (BA) covering 26 districts were
created, based on geographical and socio-economic characteristics of
the districts: Vojvodina with 7 districts as BA1, West Serbia, Sumadija and
Belgrade with 9 districts as BA2 and South and East Serbia and Kosovs-
ka Mitrovica with 10 districts as BA3. A total of 1168 piped water supply
systems were inspected, sampled and analysed for selected microbiolog-
ical and physical-chemical parameters. This study summarized the differ-
ences in compliance rate for microbiological and each physical-chemical
parameter and sanitary scores between Broad Areas. This comparative
analysis of small piped drinking water supply systems showed notable,
significant differences in drinking water quality and identified sanitary
risks between the selected areas.

Key words: small water supply systems, drinking water
quality, sanitary inspection
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YBop,

O6e3behuBatbe ycnyre cHabaeBara BOOOM NyTEM Marnmx
BogoBogHux cuctema (MBC), y uutaBoj [MaHeBpomnckoj
pervju, cyoyeHo je ca 6pojHum msasosuma [1]. MBC cy
cauMHeHn Of Manux LieHTpanu3oBaHux cuctema U UHau-
BuayanHux objekata 3a nokanHo cHabaeBawe BOOOM U
npeTexxHo 06e3behyjy Bogom pypanHe nonynauuje [2].

Mpuctyn n agekBaTHO cHabaeBake BOAOM MpeLCcTaBIba
OCHOBHO W HEMOBPEAMBO JbyAcko npaBo [3], nmocpeaHo
npenosHato YcraBom Penybnuvke Cpbuje [4], y unaHny 74,
Kao npaBo Ha 34paBO OKPYXXeH-e 1M MPaBOBPEMEHY W NOT-
MyHY MHPOPMMUCAHOCT O CTaky KMBOTHE CpeauHe.

[NpoTtokon o Boan wn 3gpaBrby patudukosaH je y Peny-
6nvum Cpbujn TokoMm KoHBeHUuMje 0 3awTnTi n ynoTpedu
NpeKkorpaHNYHOr BOAOTOKA U WHTEpPHAUMOHAamNHMX jesepa
(y marbem Tekcty: [lpotokon”) 2013. roguHe [5] n Tume
je ncnykweHa rmaBHa 3akoHCka ogpeada ycnocTaBibakem
HaumoHanHux umrbeBa M UUIbHMX gaTyma, y cknagy ca
AreHgom 3a ogpxmu pa3eoj 2030, a HapounTo LUIbEBUMA
nop peaHum 6pojesmma 3 n 6 [6].

CHabpeBare Bogom 3a nvhe n caHMTapHe ycnyre cy nog
HagnexHolwhy GpojHMX ayTopuTeTa, Ha PasNUYUTUM HU-
Bouma. MNMpema 3akoHy 0 KOMyHanHWM ycryrama, fiokanHe
camoynpaBse MMajy NpaBO OCHMBaHa jaBHUX BOOOBOOHUX
M cCaHUTaUMOHWX KoMMaHuja/npedyseha, JOK Cy caMe KOM-
naHuje OAroBOPHE 3a MpyXakse ycnyra y cknagy ca Hauu-
OHamnHoM perynaTtmBoM HaBedeHWX obnacTu.

TpeHyTHO He NOCTOoju 3BaHUYHa AedUHULMja Mannx Bogo-
BOOHWX cucTema 3a BogocHabgesawe (MBCB) y Cpbuijn,
mMehyTum Knacudukaumja 3acHoBaHa Ha BpcTu objekTa 3a
BOgocHabaeBare je y ynoTpedu. CBu jaBHU BOJOBOAM KOju
cHabpgeBajy BuLe of NeT cTaMbeHnX jeguHuLa unv geage-
ceT ocoba, LwKona, TYPUCTUYKMX U OPYIX jaBHUX objekaTa
cy y obaBesu Ja NogHOCe M3BeLUTaje O KBanuMTeTy Boae 3a
nuhe. Hagsop Hag kBanuTeToM BoAe 3a nuhe y pypanHum
pervjama je cactaBHu Aeo HaumoHanHor nporpama 3a 3a-
LUTUTY CTAHOBHWLUTBA Of 3apas3Hunx 6onectu u MNporpama
npahena kBanuteta Boge 3a nuhe y Cpbuju. OH ce cnpo-
BOOW MOCPeACTBOM MpeXe MHCTMTYyTa M 3aBofa 3a jaBHO
3gpaBrbe. MHCTUTYT 3a jaBHO 3gpaBrbe Cpbuje (MJ3C)
je oaroBopaH 3a KoopauHauujy Haasopa Hafj KBanmnTteToMm
Boge 3a nuhe u npahere LEnoKymnHUX aKTUBHOCTU Koje
CNPOBOAE HaLUMOHAMHN MHCTUTYT M 24 OKpPY)XXHa UHCTUTYTA
M 3aBoja 3a jaBHO 34paBrbe.

MouyeTHa aHanusa, HauwmoHanHe KoHcynTauuje Ha Temy
Manux BOAOBOAHUX cucTema 3a BojocHabaeBare 1 caHu-
Tauujy, kao n yyewhe Cpbuje y GLAAS (GLAAS — Global

Introduction

Provision of water supply service, through small-scale wa-
ter supply systems (SSWS), is faced with many challenges
in the entire pan-European region [1]. These systems com-
prise small centralized systems and individual supplies,
predominantly providing drinking water for rural population

2.

Access to an adequate water supply is a fundamental hu-
man right [3], which is implicitly recognized by the Constitu-
tion of the Republic of Serbia [4], in Article 74, as the right
to a healthy environment and the right to be timely and fully
informed about the status of the environment.

The Republic of Serbia ratified the Protocol on Water
and Health to the Convention on the Protection and Use
of Transboundary Watercourses and International Lakes
(hereinafter “the Protocol”) in 2013 [5] and fulfilled its main
provisions by setting the National targets and target dates,
aligned with the 2030 Agenda for Sustainable Develop-
ment, particularly with its goals 3 and 6 [6].

Provision of drinking water and sanitation services are un-
der the jurisdiction/competency of many different authori-
ties, at different levels. According to the Law on public util-
ities, local authorities are entitled to establish public water
supply and sewerage companies/utilities, while those com-
panies are obliged to perform their activities in accordance
with national legislation in this field.

There is no official definition of small-scale water supply
systems (SSWS) in Serbia at the moment; however, a clas-
sification based on the type of settlement is being used. Re-
porting of drinking water quality is mandatory for all public
water supply facilities which supply water to more than five
homes or more than twenty persons, schools, tourist and
other public facilities. Drinking water quality monitoring in
rural areas is an integral part of the National programme on
the protection of the population against infectious diseases
and the Monitoring programme on drinking water quality
in Serbia. They are being conducted by the network of the
institutes of public health. The Institute of Public Health of
Serbia (IPHS) is responsible for the overall coordination
of drinking water quality monitoring and supervision of ac-
tivities of the 24 regional public health institutes and the
institute in the capital.

The baseline analysis, the National consultation on small-
scale water supply and sanitation and Serbia’s participa-
tion in the GLAAS reporting cycle for 2014 revealed and
identified data and knowledge gaps that hinder a compre-
hensive understanding and systematic assessment of the
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Analysis and Assessment of Sanitation and Drinking-
Water) nasewTtajHom umknycy 3a 2014. roguHy ykasanu cy
Ha HegocTaTKe 3Haka KOju orpaHuMvaBajy cBeobyxBaTHO
carnegaBare M CUCTEMCKY NPOLEHY CTaka Manux Bodo-
BOOHMX CUCTeMa 3a BOAoOCHabaeBare M caHuTauujy py-
panHux nogpyyja, anv n Ha HaunHe edmKacHor nNnaHupa-
Hba 1 MMNNemMeHTauuje agekBaTHUX Mmepa 3a yHanpehemne
OBOT CTaha Ha foKarHoOM 1 HauMOHarnHOM H1BOY. N3a3oBu
y BogocHabaeBawy pypanHux kpajeBa Cpbuje onpasga-
Bajy notpedy 3a 6orbum yBmuaom y ctake MBCB Ha Hauum-
OHarHOM HuBOY, YKIbydyjyhu n kBanuteT Boge 3a nuhe u
BoAehux caHUTapHUX pu3nka.

Cryavja je cnpoBefeHa kao Aeo npojekta ,bpsa npoueHa
KBanuTeTa Boge 3a nuhe y pypaHum nogpyyjuma Cpbuje”
ca uurbem bp3se npoueHe KkBanuTeTa Boge 3a nuhe n ycno-
Ba CaHuTauuje y Manum BO4OBOAHMM CUCTEMMMA 3a BOLO-
cHabgeBare y pypanHum pervjama Cpbuije.

MeTone
BernuyuHa y30pka

OBa cTyguja HauMoHarnHor kapakTepa cnpoBefeHa je y py-
panHum nogpydjuma Penybnuke Cpbuje Tokom 2016. ro-
OMHE 1 3acHOBaHa Ha Metogonorvju 6pse npoueHe CeeT-
cke 3apaBcTBeHe opraHu3auuje (C30) [7].

BogoBogHu cuctemun ca uesuma (BCLL) — umnje anctpmby-
TMBHE Mpexe cHabaeBajy BogoM Hajmare 20 rbyau, npe-
Ma [NpaBUMHUKY O XUIMjeHCKOj UCNPaBHOCTU U KBanuteTy
BoZle 3a nNuhe — yKIby4YeHu cy y nctpaxmsame [8].

MpensuheH 6poj BCL, koju je Tpebano ykrbyunTn y ncrpa-
XuBare, Kao 1 6poj y3eTux ysopaka Bode MO OKpyry 3a
cBaku of, 26 obyxBaheHux okpyra, uspadyHaTtu cy nomohy
MeToda MpuMapHe M CekyHaapHe cTpatudukauuje, 3a-
CHoBaHor Ha cregehum nogauuma: 6pojy gomahuHcTasa
y pypanHum pervjama npema nogaumma llonuca [9], npo-
LEHTY pypanHor CTaHOBHMLUTBA Koju ce cHabgesa BOAOM
ogrosapajyhom TexHonorujom [10], NognwHem nsseLlTajy
0 MUKpobuonoLlkoj HeycarnaweHoctn MBCB us 2014. ro-
auHe [11], n npukasy o 6pojy MBCB y cBakom okpyry obes-
beheHOM of cTpaHe HagmnexHOr MHCTUTYTa WUnu 3aBofa
3a jaBHo 3gpaBrbe (U/3J3). UspauyHat 6poj npensuheHnx
BCL] 6vo je 1,136, gok je 6poj noTpebHUx y3opaka Boge
nsHocuo 1,168.

Y unrby npoueHe 6poja cuctema BOAOBOAHUX TEXHOMOrnja
Yuju KBaNWUTET BOAE NPeBa3unnasv HauMoHarnHu ctaHaapa,
ynotpebrbeH je Moguwmwbm 1M3BeLwwTa] 0 MUKPOOMONOLLKO]
HeycarnaweHoctn MBCB u3 2014. rogunHe [11]. MpeTno-
CTaBIbLEHO je Aa Ou cBeykynHa HeycarnaiueHocTt 3a BCL|

situation in small-scale water supply and sanitation sys-
tems in rural areas, as well as the effective planning and
implementation of adequate improvement measures at na-
tional and local levels. The challenges in rural water supply
in Serbia justified the need for gaining a better insight into
the nation-wide situation in small-scale water supply sys-
tems, including drinking water quality and prevailing sani-
tary risks.

This survey was conducted within the project “Rapid As-
sessment of the drinking water quality in rural areas in the
Republic of Serbia”, aiming at undertaking a rapid assess-
ment of drinking water quality and sanitary conditions in
the small scale water supplies in rural areas in Serbia.

Methods
Sample size calculation

This national survey was undertaken in rural areas of the
Republic of Serbia in 2016 and on the basis of the WHO
rapid assessment methodology [7].

Piped water supply systems (PS) were included in the study
— consisting of a water source with a distribution network
serving more than 20 people according to the Rulebook on
Hygienic Correctness of Drinking-water Quality [8].

The number of piped systems to be included in the study
and drinking water samples to be collected in each of the
26 district in Serbia was calculated by primary and second-
ary stratification method, based on the following data: the
number of households in rural areas from the census data
[9], the proportion of the rural population supplied by the
selected water supply technologies [10], the annual report
on microbiological non-compliance for SSWS in 2014 [11],
and the inventories of the number of SSWS in each district
obtained from the local institutes of public health (IPHs).
The total number of piped systems to be inspected was
calculated at 1,136 and total number of water samples to
be collected at 1,168.

In order to estimate the proportion of selected water supply
technologies with a water quality exceeding national stan-
dard, the annual report on microbiological non-compliance
for SSWS in 2014 was used [11]. It was estimated that the
overall microbiological non-compliance for piped systems
could be as high as 30%. These estimations were used to
calculate the proportion (P) of water supplies with water
quality exceeding the national standard, which was equal
to 0.3.

The piped systems to be visited by field teams were se-
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mMorna ga uaHocu Yak 30%. OBe npeTnocTaBke Cy UCKOPU-
wheHe 3a n3padyHaBaH€e nponopLmje cucrema BogocHab-
[JeBakba Ca KBanuTeTOM BOAE M3HAA HauUMOHarHor craH-
hapgaa, koja je nsHocuna 0,3.

M36op BOOOBOAHMX cCUCTEMA ca LEBMMA pagu udvje WH-
cnekuuje je Tpebano nocnatn TepeHcke TumoBe ogpeheH
je HaCyMUYHO 3a CBaKM OKpYT, 3aCHOBaH Ha npukasy o 6po-
jy BCLl obe3beheHoM of cTpaHe HaaNeXHOr WHCTUTYTa
nnv 3aBofa 3a jaBHO 34paBsbe.

Hecpuruyuja LWupux nodpydja

Cpbuja je ctatMcTM4kn nogerbeHa Ha net obnacTu of Ko-
jux ce cBaka cacToju of, ogpeheHor 6poja okpyra, 1 To Boj-
BoguHe: 7 okpyra, beorpaga: 1 okpyr, 3anagHe Cpbuje n
Lymagwje: 8 okpyra, JyxHe n UctouHe Cpbuje: 9 okpyra,
n Kocosa: 5 okpyra.

Y CBpXy OBOI UCTpPaXxuBaHa, Ha OCHOBY reorpad Cckux n co-
LIMO-EKOHOMCKMX KapakTepucTumka, kpenpaHa cy Tpu Lnpa
nogpydja (LUM) kojuma je obyxsaheHo 26 okpyra: Bojsoau-
Ha 1 7 NpuapyxeHnx okpyra kao LWupe nogpyyje 1 (LUM1),
3anagHa Cpbuja, Lymaaumja n Beorpag ca 9 npuapyxeHnx
okpyra kao LUupe nogpydje 2 (LUM2) n JyxHa n MctodHa
Cpbuja, Kocoscka MuTtpoBuua 1 10 npugpyxeHnx okpyra
kao LWuvpe nogpyyje 3 (LUIM3).

Y3opkoeamwe u aHanu3a eode 3a nuhe

Y CBpXy OBOr UCTpauBaka 3a jedHy 30Hy BogocHabge-
Baka of ctpaHe MBCB yseTa je 30Ha Kojom ce cHabgeBa
0o 2500 noTpoluaya, a npeno3HaT MakCUMyM notpoLuaya
3a Hacerbe pypanHe pervje 6mo je 10.000. Ceu y3opum
BOOE MPUKYNIBEHN CY U3 KOPUCHUYKE Tayke ONCTpUOyTUB-
He Mpexe y crny4ajy camo jegHe 30He BogocHabaeBama,
MeRyTMM ykonuko je 6poj notpowaya gator MBCB npe-
MawmBao 2500, gogaTHW y30pUM CKYMIbEeHN CYy OUPEKTHO
n3 kantaxe MBCB. MNpukynrbeHo je ykynHo 1168 y3opaka
BOAE, NPOMOpLMOHANHO U Npema nNpuMapHoj 1 cekyHaap-
HOj cTpaTudukaumjn 168 ysopaka us LUM1, 624 y3opka n3
LUM2 n 376 y3opaka n3 LLM3.

MocTynumn y3opkoBawa, ykibydyjyhn n mepe npegoctpo-
XHOCTK, TpaHcnopTa 1 pykoBaka y3opLMMa cy cnpoBefe-
HW y cknagy ca [MpaBunHMKOM O MeTogama y30pKOoBahsa
n nabopaTopujcke aHanu3e Boge 3a nuhe [12]. Y3opuu cy
TPaHCNOPTOBaHW [0 W aHanuaupaHu y akpeauMToBaHuUM
naboparopujama 23 nokanHa WU/3J3, npatehn SRPS ISO
Standard 17025 [13]. KBanuTeT Boge 3a nuhe eBanyvpaH
je Ha ocHoBy opabpaHor MMKPOOMOMOLLKOr MHAMKaTopa
kBanuteta (Esherichia coli, CFU/100 ml), pnsmyko-xemuj-
CKUX nmapameTtapa — amoHujaka (mg/L), Hutpata (mg/L),

lected randomly for each district, based on the inventories
of the available lists of PSs, obtained from each Institute of
Public Health.

Definition of broad areas

Serbia is divided into five statistical regions, each consist-
ing of a certain number of districts, as follows: Vojvodina:
7 districts; Belgrade: 1 district; West Serbia and Sumadija:
8 districts; South and East Serbia: 9 districts; and Kosovo:
5 districts.

For the purposes of this study, three Broad Areas (BA)
were created based on geographical and socio-economic
characteristics of the districts, covering 26 districts in to-
tal: Vojvodina with 7 districts as the Broad Area 1 (BA1),
West Serbia, Sumadija and Belgrade with 9 districts as
the Broad Area 2 (BA2) and South and East Serbia and
Kosovska Mitrovica with 10 districts as the Broad Area 3
(BA3).

Drinking water sampling and analysis

For the purpose of the study, a supply zone of a small-
scale piped system was defined as a zone that supplies
up to 2,500 consumers, and the maximum size of the rural
settlements was determined as 10,000 consumers. All wa-
ter samples were collected from the point of use in case of
a single supply zone; however, if the small-scale piped sys-
tem served more than 2500 consumers, additional water
samples were collected from the source of the SSWS. The
total number of drinking water samples taken was 1,168,
so that proportionally and in line with the primary and sec-
ondary stratification, 168 were taken in BA1, 624 in BA2
and 376 in BA3.

Sampling procedures, including precaution measures,
transportation and handling of samples were performed in
accordance with the Rulebook on sampling methods and
methods for drinking water laboratory analysis [12]. Water
samples were transported to and analyzed in the accredit-
ed laboratories of the 23 local IPHs, according to the SRPS
ISO Standard 17025 [13]. Drinking-water quality was eval-
uated on the basis of the selected microbiological indica-
tor (Esherichia coli, CFU/100 ml), physical-chemical pa-
rameters — ammonia (mg/L), nitrates (mg/L), manganese
(mg/L), arsenic (mg/L), residual chlorine (mg/L), pH value,
as well as organoleptic parameters — temperature (°C), co-
lour (Co-Pt scale), odour (descriptive), turbidity (NTU) and
conductivity(uS/cm). All these parameters were assessed
by standard methods.
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MaHraHa (mg/L), apceHa (mg/L), pesugyanHor xropa
(mg/L), pH BpegHoCTK, Kao 1 opraHoONenTUYKUX napame-
Tapa — temnepatype (°C), 60oje (Ha Co-Pt ckanu), mupuca
(aeckpuntmeHo), 3amyheHoctn (NTU) n cnpoBoarsnsocTtu
(uS/cm). CBu HaBedeHU napaMeTpu UCMNUTaHU Cy CTaH-
AapaHvuM meTofama.

CaHumapHa uHcnekyuja

lMpoueHe caHWTapHMX pu3nka 3a cBe obyxBaheHe Tex-
Horornje BogocHabgeBawa cy ypaheHe kopuwhenem
dopmMmynapa 3a caHuTapHy MHCNekuujy, nocebHo npwuna-
roheHnx TepeHckum ycriosuma [7]. CBaku dopmynap je
y cebun cagpxao KOMMAMeT o4 AeceT nuTara 3a MpoLueHy
nocrojeher pusmka o KOHTaMUHaUMje 3a CBakm UOEHTU-
dunKkoBaHN N3BOP (KanTupaH n3eop, ByLieHn ByHap ca py4-
HOM WIN eneKkTPMYHOM MyMMOM, KormaHu ByHap ca py4YHOM
UNM enekTpPMYHOM MyMMOM, OTBOPEHM KonaHu ByHap, Ko-
naHn GyHap ca BUTNOM W OEMUMUYHMAM MOKIONUEM U Mo-
BPLUMHCKN BOAO3axBaT) U AUCTPUOYTUBHY Mpexy (Ha cBa
nuTaka ce oAaroeapano ca ,na” unu ,He”). NuTamwa cy ce
ogHocuna Ha: orpahyBare, NPUCYCTBO PasnUyNTMX N3BO-
pa 3arahera y OKONMHU N3BOpa, TEXHNYKE U rpafjeBMHCKe
KapakTepucTuke/HegocTaTke u xnopucamwe. CBu notepa-
HW oaroBopu cabupanu cy y jegHy BpegHocT (paHra og 0
no 10). Pesyntat caHMTapHe MHCNEKUMje yKasanu cy Ha
peneBaHTHe hakTope pu3nka o MUKPOOMONOLLKE KOHTa-
MUHaUWje y 3aBUCHOCTY Of, BPCTE M3BOpa U HauYnHa BOAO-
cHabaeBatba.

MukpoburonoLukn nogaumn yapyXeHu cy ca BpegHocTuma
CaHUTapHOr pu3nKa cpadyHaTUM TOKOM CaHUTapHe WH-
cnekuuje y T3B. ,matpuue pusuka no 3gpasrbe” [7]. Mu-
Kpoburonowku nogaum (6poj Escherichia coliy 100 ml) ka-
TeropmusoBaHu cy kao <1, 1-10, 11-100, n >100, pok cy
BPEOHOCTU CKOpOBa CaHWTapHe WHcnekuuje (ancomnyTtaH
©poj noTBpAHMX 0groBopa) kateropmnsoBaHu kao 0-2, 3-5,
6-8, n 9-10. MaTtpuue geduHULLY YeTUpPU HUBOA PU3K-
Ka (HM3ak, cpeahu, BUCOK U BPNO BMCOK) KOHTaMuHaLmje
BOAE Y AaTtoM 00jekTy 3a cHabaeBawe Bogom [7].

Cmamucmud4ka aHasu3a

Mopaum cy npuKkasaHu Kao cpefra BPeaHOCT, MUHUMYM
M MakcvMyM 3a HyMmepuuike KOHTMHyupaHe Bapwjabne,
OOHOCHO Kao anconyTHM W penatuBHu 6pojeBn 3a kaTe-
ropujanHe Bapwujabne. Pa3nuke y ycknafeHocTn napame-
Tapa kBanuterta Boge uamehy LWupux nogpydja ucnuraHe
cy nomohy y? (xu-kBagpaT) Tecta. CTaTucTuyka aHanmsa
paheHa je SPSS 15.0 nporpamckum naketom 3a copTeep
Windows (SPSS Inc. 1989-2006). 3a ctaTUCTUYKN 3HaYaj-
HY y3eTa je p-BpeaHocT mawa of 0,05.

Sanitary inspection

The sanitary risks were assessed for all selected water
supply technologies using the sanitary inspection forms,
specifically adjusted to the conditions in the field [7]. Each
sanitary form contained a set of ten questions for the as-
sessment of the existing water contamination risks for
each identified type of water source (protected spring,
borehole with hand or electric pumping, dug well with hand
or electric pumping, open dug well, dug well with windlass
and partial cover and surface water intake) and distribution
networks (answered “yes” or “no”). Questions were relat-
ed to: fencing, presence of different sources of pollution
in the surrounding area, technical and construction char-
acteristics/failures and chlorination. All positive answers
were summed up in a single value (range 0 to 10). Results
of sanitary inspections pointed to relevant risk factors for
microbial pollution by the type of source and the type of
water supply.

Microbiological data were combined with sanitary risk
scores identified by sanitary inspection using a “risk-to-
health matrix” [7]. Microbiological data (count of Escherich-
ia coli per 100 ml) were categorized as <1, 1-10, 11-100,
and >100, whereas sanitary inspection scores (number of
positive answers) were categorized as 0-2, 3-5, 6-8, and
9-10. The matrices provided four levels of risk (low, inter-
mediate, high and very high) of water contamination at a
given water supply facility [7].

Statistical analysis

Data are presented as Mean, Minimum and Maximum for
continuous data, or as absolute and relative numbers for
categorical data. The differences in compliance of water
parameters between broad areas were tested using the
Chi-square test. All analyses were performed using SPSS
15.0 for Windows software (SPSS Inc. 1989-2006). Prob-
ability level of 0.05 was accepted as statistically significant.

Results

In the presented study, each water sample was tested for
the number of colony-forming units (CFU) of Escherichia
coliin 100 ml of water. The difference in proportions of mi-
crobiological compliance for E. coli between Broad Areas
is statistically significant. The highest compliance for E. coli
was observed in BA1 Vojvodina (about 90%), and the low-
est in BA2 West Serbia and BA3 East Serbia (about 60%).

43

SERBIAN JOURNAL OF PUBLIC HEALTH

VOLUME 96  NUMBER 1

MARCH 2022



MACHWK JABHOT 3[1PAB/bA

[. . JosaHosuh, K. K. NMayHosuh, K. Cnacosuh, B. Kapaywh, C. Bujenosuh, C. nuropujesuh, U. PuctaHosuh-Morasuh, B. JoBaHoBuh

Pesynrtatu

Y npukasaHoM UCTpaxuBaky, y CBaKOM Y30pKy BOAeE MC-
nUTaHoO je npucyctBo K 6poj Escherichia coli jeanHuua
Koje dopmupajy kononuje (Colony Forming Unit — CFU)
y 100 ml Boge. Pasnuke y ogHOCy MMKPOGUONOLLKe yckna-
heHoctun 3a E. coli uamehy Lunpux nogpydja 6une cy cra-
TUCTUYKM 3HauvajHe. HajBuwmn cteneH ycknaheHocTu ca
nocrojehom perynatmeom 3a E. coli 3abenexeH je y LLUM1
BojsoguHu (oko 90%), Aok je HajHwku 6uo y LUM2 3anaa-
Hoj Cp6uju n LLM3 NcTtovHoj Cpbuju (oko 60%).

Tabena 1. Pe3anme ycknaheHoctu ca HaumoHanHum cras-
Japavma 3a E. coli y BogoBogHMM cucteMuMMma ca ueBuma
y ogHocy Ha Lvpe nogpydje

Table 1. Summary of compliance with the National Stan-
dard for Escherichia coli in Piped systems by Broad Areas

N (%) ycknaheHocT ca HaLuMOHanHOM perynaTuBoM
N (%) of compliance with the national legislation

MapameTap

Parameter LLIN1 BojBoanHa

BA1 Vojvodina
Belgrade

Escherichia coli

(CFU/100 ml) il (@)

386 (61,9)

* CTaTUCTUYKM 3HaYajHa pasnuka namehy LM

Ounctpubyumja kBaHTMdUKOBaAHUX BpeaHocTn E. coliy Wn-
pum noapyyjuma je npukasaHa y rpadukoHy 1. Hajsehu
6poj y3opaka Boge 13 cBa Tpu Lnpa nogpyuyja Huje ca-
apxao E. coli. Nokasano ce ga cy ysopuu 13 LUM2 v WMN3
cagpxanwu suwie E. coli.

MpadumkoH 1. AuctpubyLmja BOGOBOAHMX CUCTEMA Cca Le-
BYMa npema KBaHTU(UKOBaHUM BpegHoctuma E. coli y
LUnpum noapyyjuma

LLUN2 Beorpaa n
3anagHa Cpbuja
BA2 West Serbia and

LLUN3 UcTouHa Cpbmja m
KocoBcka MutpoBuua
BA3 East Serbia and
Kosovska Mitrovica

231 (61,4) 781 (66,9)*

Legend: * the difference in proportions between Broad Areas is
statistically significant

The distribution of E. coli counts by Broad Areas is shown
in Figure 1. The majority of water samples in all three Broad
areas contained no E. coli. Some samples from BA2 and
BA3 were shown to contain high counts of E. coli.

Figure 1. Distribution of Escherichia coli counts in Piped
systems by Broad areas
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AHanusnpaHu cy criegehu opraHonenTuyku napame-
Tpu: Temneparypa, 6oja, mupuc n 3amyheHoct. Pa3nuke
y ycknaheHocTu ca perynatvMBama 3a CBaku Of OBUX Na-
pameTapa (ocum Temnepatype Boge) uameny Lunpux no-
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The following organoleptic parameters: temperature, co-
lour, odour and turbidity were analysed. Table 2 summariz-
es the differences in compliance rate for each organoleptic
parameter (except water temperature) between Broad Ar-

44

rOOVIUTE 96  CBECKA 1  MAPT 2022




D. D. Jovanovi¢, K. Z. Paunovi¢, K. Spasovié,V. Karadzi¢, S. Bijelovi¢, S. Gligorijevi¢, I. Ristanoi¢-Ponjavi¢, V. Jovanovi¢

Opyudja cymmpaHe cy y tabenu 2. Paanuka y ycknaheHocTu
3a cBe napameTtpe je buna cTaTUCTMYKM 3HadvajHa mehy
Wnpum nogpyyjuma. HajHwxku cteneH ycknaheHocTu 3a
60jy, mmpuc n 3amyheHocT Boge 3abenexeHun cy y LUM1,
0ok je mehy ysopumma r3 LLUM2 v LUM3 3abenexeHa yckna-
HeHoct npeko 90%.

Tabena 2. Peanme ycknafheHocTu ca HaumMoHanHum cTaH-
JapAvMma 3a opraHornenTudke napameTpe y BOO4OBOAHWUM
cucteMmma ca uesuma y ogHocy Ha LUunpe nogpyudje

eas. For all the parameters, the difference in compliance
between Broad areas was statistically significant. The low-
est compliance for water colour, odour, and turbidity was
observed in BA1, whereas BA2 and BA3 showed more
than 90% compliance for these parameters.

Table 2. Summary of compliance with National Standards
for Organoleptic Parameters in Piped Systems by Broad
Areas

N (%) ycknaleHocT ca HaunoHanHoOM perynaTMBoM
N (%) of compliance with the national legislation

MapameTap

Parameter LLMN1 BojBoanHa

BA1 Vojvodina
Belgrade

Boja (Co-Pt ckana)

Colour (Co-Pt scale) 118 () o ()
Mwupuc

(AeckpuUnNTMBHO) 144 (85,7) 622 (99,7)
Odour (descriptive)

3amyheHocT (NTU)

Turbidity (NTU) 148 (88,1) 596 (95,5)

* CTAaTUCTMYKM 3HaYajHa pasnuka namehy LM

Y ysopumma Boge 3a nuhe n3 BCL, y LUM1 kBaHTUmKO-
BaHa 0oja Boge je Hajsehum genom m3Hocuna Buwe oa 5
cteneHun Co-Pt ckane, gok je y LUM2 v LUM3 6una y pacno-
Huma 1,01-2,5 1 2,51-5,0, pegom.

Onctpnbyumja samyheHoctn Boge no Wnpum nogpyyjmuma
nokasana je ga je y Hajsehem 6pojy y3opaka mn3 LUM2 n
LUM3 namepeHa samyheHocTt mawa of 0,5 NTU, 3atum o
1 NTU (HauuoHanHu ctaHgapa 3a ypbaHe cucteme BO-
pocHabgeBamna), 1 oo 5 NTU (HaumoHanHu ctaHgapa 3a
MBCB).

Hajsehu 6poj npernegaHux ysopaka soge 3a nuhe 13 BCL,
y cBuM nogpyyjuma (n=704) umao je 3amyheHOCT mamy
unu jegHaky 0,5 NTU. 3amyheHoct y oncery 0,501-1,0
NTU je 3abenexeHa y 223 y3opka Boge, 0K je 177 KOH-
TPOrHUX y3opaka umano 3amyheHoct y oncery 1,001-5,0
NTU. Y 64 y3opka Boge 3a nuhe namepeHa je samyheHoct
npeko 5 NTU, wto je HaunoHnanHuu ctaHaapa 3a MBCB.

AHanunsupaHu cy crniegehn usmnyko-xeMumjckn napameTpu:
NPOBOASBUBOCT, pe3vayanHn xrop, pH BpegHoOCT, amoHu-
jak, HUTpaTK, MaHraH n apceH. Pasnuke y ycknaheHocTu ca
perynaTtneama 3a CBaku of OBMX napametapa uamehy LLn-
pux nogpydja cymupaHe cy y Tabenu 3. Pasnuka y yckna-
HeHocTn 3a cBe napamMeTpe, M3y3eB 3a pe3ugyarnHu xXmnop,

LLIN2 Beorpan n
3anagHa Cpb6uja
BA2 West Serbia and

LLUMN3 UcTouHa Cp6umja n
KocoBcka MutpoBuua
BA3 East Serbia and
Kosovska Mitrovica

354 (94,1) 1043 (89,3)*
374 (99,5) 1140 (97,6)*
360 (95,7) 1104 (94,5)

Legend: * the difference in compliance rate between Broad areas
was statistically significant

Water colour exceeding 5 degrees on the Co-Pt scale was
mostly determined in drinking-water samples from piped
systems in BA1, while in BA2 and BA3, colour was mostly
in the range of 1.01-2.5 and 2.51-5.0, respectively.

Water turbidity distribution by Broad Areas showed that
most samples in BA2 and BA3 had turbidity less than 0.5
NTU, followed by up to 1 NTU (National Standard for Ur-
ban Water Supply Systems), and up to 5 NTU (National
Standard for Small-scale Supply Systems).

The maijority of the inspected drinking water samples from
PS in the whole area (n=704) had turbidity of less than
or equal to 0.5 NTU. Turbidity in the range of 0.501-1.0
NTU was found in 223 drinking water samples, while 177
controlled samples had turbidity in the range of 1.001-5.0
NTU. In 64 drinking water samples turbidity was higher
from 5 NTU, which is the National Standard for Small-scale
Supply Systems.

The following physical-chemical parameters: conductivity,
residual chlorine, pH value, ammonia, nitrates, manga-
nese, and arsenic were analysed. Table 3 summarizes the
differences in compliance rate for each physical-chemical
parameter between Broad Areas. For all the parameters
except residual chlorine, the difference in compliance rate
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buna je ctatucTuykm 3HavajHa mehy LWupum nogpydjuma.
HajHwka ycknaheHocT y NpoBOArbUBOCTU BOAE, MPUCYCTBY
aMoHWjaka, MaHraHa v apceHa je 3abenexeHa y LWM1, gok
je mehy ysopuuma m3 LUM2 n LUM3 3abenexeHa ycknahe-
HocT npeko 90%. HajHnxa ycknafheHoCT 3a MpUCycTBO HU-
TpaTa y Boau u pH BpegHocT 3abenexenHa je y LUM2 (oko
90%), ook je mehy ysopumma 13 LUM1 1 LUM3 3abenexena
ycknaheHocT og npeko 95% 3a oBe napameTpe.

Tabena 3. Pe3anme ycknaheHoctu ca HaumoHanHum cras-
JapavmMa 3a usnMyKo-Xxemujcke napameTpe y BOAOBOAHUM
cucTeMuma ca LueBuma y ogHocy Ha LLvpe nogpyuje

between Broad areas was statistically significant. The low-
est compliance rate for water conductivity, ammonia, man-
ganese and arsenic was observed in BA1, whereas BA2
and BA3 showed more than 90% compliance rate for these
parameters. The lowest compliance rate for water nitrates
and pH value was observed in BA2 (about 90%), whereas
BA1 and BA3 showed the compliance rate for these pa-
rameters of more than 95%.

Table 3. Summary of compliance rate with National Stan-
dards for Physical-chemical Parameters in Piped Systems
by Broad Areas

N (%) ycknalleHocT ca HaunoHariHOM perynaTuBoM
N (%) of compliance with the national legislation

Mapametap

Parameter LLUMN1 BojsoauHa

BA1 Vojvodina

LLUN2 Beorpag n
3anagHa Cp6uja
BA2 West Serbia and
Belgrade

LLUMN3 UcTouyHa Cpbuja n
KocoBcka MutpoBuua
BA3 East Serbia and
Kosovska Mitrovica

MpoBoasbmBocT (US/cm)

Condlastivity (1&/om) 124 (73,8) 575 (92,1) 344 (91,5) 1043 (89,3)"
/ZZ?;&TSJ;:;:;:%&?I D 149(98,7) 225 (99,6) 165 (100,0) 539 (99,4)

zl':'l "2',32““7 168 (100,0) 572 (91,7) 370 (98,4) 1110 (95,0)*
:m;“o'ﬁ;"(;’g%') 103 (61,3) 618 (99,0) 374 (99,5) 1095 (93,8)*
m;‘;::’;,f?’;‘/%’ ) 166 (98.8) 572 (91,7) 355 (94,4) 1093 (93,6)*
m::;z:é?eg(%g ) 108 (64,3) 617 (98,9) 374 (99,5) 1099 (94,1)*
A (e ) 97 (57,7) 611 (97,9) 373 (99,2) 1081 (92,6)*

Arsenic (mg/l)

* CTATUCTWYKKM 3HaYajHa pasnvika namehy LM

OpHoc pacnogena pesugyanHor Xxnopa AeTeKToBaHor
y y3opuuMa BoAe M3 BOAOBOAHUX CUCTEMa ca uesBuma y
Cpbujn y nepuoay cnpoBoferwa nctpaxunsarwa no LLvpum
noapydjuma npukasaH je y rpadukony 2. Y ykynHo 46,4%
CBUX y30paka BoAe AEeTEKTOBAaHO je NpuUCyCTBO pesvayart-
Hor xropa. Pasnvka y nponopuujama y3opaka Boge ca ae-
TEeKTOBaHUM pe3ugyanHum xnopom mehy Lvpum nogpyy-
juma je buna ctaTucTMykM 3HadvajHa. Hamme, y oko 90%
y3opaka Boge u3 LUM1 je getektoBaH pesugyanHu xnop,
y nopehewy ca camo 43% TakBux y3opaka u3 LUM2, ogHo-
CHO 36% w3 LLUM3.

Legend: * the difference in compliance rate between Broad Areas
is statistically significant

The share of water samples with detectable residual chlo-
rine in piped systems in Serbia at the time of the study by
Broad Areas is shown in Figure 2. In total, 46.4% of all wa-
ter samples had residual chlorine detected. The difference
detectable residual chlorine between Broad Areas was sta-
tistically significant. For example, about 90% of water sam-
ples in BA1 had residual chlorine detected, in comparison
to only 43% of samples in BA2, and 36% in BA3.
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MpadoumkoH 2. Inctpubyumnja BOOOBOAHMX CUCTEMA Ca Lie-
BMMa y OOHOCY Ha AeTekuujy peavayarnHor xnopa y Wupum
nogpyyjuma 'y Cpouju

Cp6uja / Serbia

wn3/BA3

LN2/BA2

Figure 2. Share of detectable residual chlorine in water
samples in piped systems in Serbia at the time of the study
by Broad Areas

B Pe3nayanHu XI0p HUje AeTEKTOBaH Y
Boau / No residual chlorine detected

B Pe3nayanHu Xiop AeTeKTOBaH Y
Boam / Residual chlorine detected

0% 20% 40% 60%

Ouctprbyumja pegosHo xnopucaxmx BCL, y Cp6uju no LWn-
puym nogpyyjuma npukasaHa je y rpadumkony 3. Nogaum cy
n3BedeHn U3 ynMTHUKa 3a caHuTapHy uHcnekuumjy. Pasnuvka
y amctpubyumjn pegoBHo xnopucanmnx BCL, mefy Wnpum
nogpydjuma je 6una ctatucTuykmn 3HadvajHa. Y LUM1 3a oko
90% BCL, je HaBegeHO Aa pegoBHO NOAMEXY XNOpUCamsy,
y nopehemwy ca 25% BCL, y LUM2, ogHocHo ca camo 15%

BCL y LLM3.

MpadmkoH 3. Juctpubyunja pegoBHO XnopucaHux BOLO-
BOAHMX cuctema ca uesuma y Lupum nogpyyjuma y Cp-
oujn

Cp6uja / Serbia

wn3/BA3

LLN2/BA2

IN1/BA1

80% 100%

The proportion of regularly chlorinated piped systems in
Serbia by Broad Areas is shown in Figure 3. This informa-
tion was obtained from the sanitary inspection question-
naire. The difference in proportions of the regularly chlori-
nated piped systems between Broad Areas was statistically
significant. In BA1, about 90% of piped systems reported
being regularly chlorinated, in comparison to 25% of piped
systems in BA2, and to only 15% of piped systems in BA3.

Figure 3. Proportion of regularly chlorinated piped sys-
tems in Serbia by Broad Areas

B BoaoBOAHM CUCTEM Ca LEeBMMa Ce He
xnopuiue pegosHo / Not chlorinated
regularly

M Bo0BOAHM CUCTEM Ca LLEBMMa ce
penosHo xnopuie / Regularly
chlorinated

0% 20% 40% 60%

Onctpnbyumnja BogoBOAHUX cUCTEMa ca LeBuMMa npema
KaTteropmjama KoHueHTpauuja apceHa no Wnpmum nogpyu-
juMa npukasaHa je y rpacpukony 4. Y csum LLnpum nogpyu-
jvuma y BehunHu y3opaka Bofe n3mepeHe cy KOHLEeHTpauuje
apceHa mamne of 0,01 mg/l (HaumoHanHu ctaHgapg). Y 71
y3opky 13 WWIM1, 13 y3opaka n3 LUM2 n 3 y3opka us LUM3
cagpXaHe Cy KOHUeHTpauuje u3Hag pedepeHTHUX Bpea-
HocTu. lNMpekopayewe npensuhieHe rpaHnUYHe BPEAHOCTU
3a apceH koja nsHocm 0,01 mg/l 3abenexeHo je y 87 (7,5%)
y3opaka Boge 3a nuhe y BCLU, n 10 Hajgehum genom u3
M1 (y 69% og 87 y3sopaka y kojuma je mpekopadveHa
BPEOHOCT 3a apCeH).

80% 100%

The distribution of arsenic concentrations by Broad Ar-
eas is shown in Figure 4. In all Broad Areas, most water
samples had arsenic concentrations lower than 0.01 mg/l
(National Standard). 71 water samples in BA1, 13 water
samples in BA2 and 3 samples in BA3 contained arsenic
concentrations above the reference value. The exceeding
of proposed limit value for arsenic of 0.01 mg/l was found
in 87 (7.5%) of all controlled drinking water samples from
PS in BA, mostly in BA1 (69% of 87 controlled samples
with exceeded arsenic concentration from BA).
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AKo ce y3ame y 003up ykynaH 6poj McnuMTMBaHUX y3opa-
ka Boge 3a nuhe y BCL, m3 LUM1, moxe ce 3akrbyunTu
Oa ycknaheHocT 3a apceH n3ocTaje y 42% y3opaka, u To
yrnaBHom y CpegwebaHaTtckom, JyxxHobauvkom n Cesep-
Hobaykom okpyry. Y LUM2 rpaHnyHa BpegHOCT 3a apCeH je
6una npekopayveHa y 13% y3sopaka, BehnHomM y Palukom u
Mopasuukom okpyry. Y LUM3 koHueHTpaumje apceHa koje
Cy NpemMalunne rpaHn4Hy BPeaHOCT 3abenexeHe cy camo
y 3 y3opka (0,8%), no jeaHoM 13 KOCOBCKO-MUTPOBAYKOT,
Hwuwasckor u NupoTckor okpyra.

MpadbmkoH 4. [uctpubyumja BOOOBOOHNX CMCTEMA Ca Lie-
BMMa NMpemMa KaTteropmjama KoHueHTpaumja apceHa no LLn-
pum nogpydjuma

400

If all controlled drinking water samples from PS in BA1 are
considered, it can be concluded that arsenic is not in com-
pliance in 42% samples, mostly in Central Banat, South
Backa and North Backa District. In BA2, the limit value is
exceeded in 13% of the water samples, mainly in Raska
and Moravica District. In BA3, arsenic concentration ex-
ceeded the limited value only in 3 (0.8%) of all drinking
water samples, one sample each in Kosovska Mitrovica,
NiSava and Pirot District.

Figure 4. Distribution of arsenic concentrations in piped
systems by Broad Areas
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<0,001 0,0011-0,01
padhmkoH 5 NnpeacTaBba 04HOC BlAaCHULLITBA BOAOBOOHUX
cuctema ca uesuma. Y LUM1 Buwe og 80% BCL cy y Bna-
CHULLTBY jaBHO-KOMYHarHUX crnyxo6wu, koje cy jeaquHa npas-
Ha nuua BnacHuum BCLL. C gpyre ctpaHe, y LLM2 BCL, cy
NPEeTEXHO Y BNACHULLTBY rpyna cCTaHOBHMKA, Aok cy y LUM3
BL|C BehrHCkM y BnacHMLLTBY 610 rpyna CTaHOBHMKA WK
nokanHux 3ajegHuua. Y LWM2 v WM3 noctojanu cy n BCL,
y NpMBaTHOM WX BRIACHULUTBY APYrMX yCTaHoBa (LuKona,
npueaTHUx dupmu, ntg). Mehytum, HujegHo oa Hasede-
HMX BMACHMLUTBA Ce HEe MOXe CMaTtpaTy NPaBHUM NULEM.

MpadhmkoH 5. [uctpubyumja BOOOBOOHNX cMCTEMA Ca Lie-
BMMa npema BracHuwTBy no npum nogpydyjuma

[pyru BnacHuK / Other owner

MpusaTtHu BnacHuK / Individual owner

Ipyna rpahana / Group of inhabitans

MecHa 3ajegHuua / Local community

JaBHo-kKomyHanHo npegysehe / Public utility
company

0,011-0,1 >0,1

Figure 5 presents the ownership structure of piped sys-
tems. In BA1, more than 80% of the piped systems were
owned by public utilities, which are the only legal entities
that own piped systems. On the other hand, in BA2, own-
ers of PS were predominantly groups of inhabitants, and in
BA3 most owners were either groups of inhabitants or local
communities. In BA2 and BA3 there were even some indi-
viduals owning piped systems, or other entities (schools,
private companies etc.). Nevertheless, none of these own-
ers can be regarded as legal entities.

Figure 5. Proportion of owners of piped systems by Broad
Areas

mLLN1/BA1
B LLUN2/BA2
mWN3/BA3

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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lMpema pesyntatuma caHuTapHe uHcnekuumje, y LWIM1 je kao
rmaBHa BpcCTa M3Bopa Bode npeosnagao byweHn 6yHap ca
enektTpnyHom nymnom (84,1%), gok je y LUM2 m LWUM3 To
©6vo kanTupaH/3awTmnheH naeop (68,2% un 88,8%, peaom).

Bogehu daktopn pusmka kog KanTupaHux/zawTuheHnx
n3eopa 3a BCL| 6unu cy He3sagoBorbaBajyhn TeXHUYKM
ycnosu: ogcycTeo orpaga (73,2%), HenocTtojehe unu cna-
60 dyHKUMOHaNHe amBep3unoHe jame (62,9%) u ogcycTBo
CaHWTapPHUX 3aLUTUTHUX 30HA, YCrea Yera XMBOTUHE NMa-
jy npucTyn n3BopuliTUMa 3a cHabaesane Bogom (61,9%).
3a OyleHe byHape ca enekTpuM4HUM nymnama To je 6uno
NPUCYCTBO ApYyrnx nssopa 3araherwa y 6rnmanHm GywoTnHe
unu nymne (63,7%).

Bogehn daktopu pusuka 3a BogoBogHe cucTeMme ca Le-
BMMa — pesepBoape 1 passogHe mpexe (PM1), ogHocHO
camo pasBofHe Mpexe 6e3 pesepeoapa (M1) 6unu cy: oa-
CyCTBO Orpage oko pesepBoapa (65,0% — PM1), Hexuru-
jeHckn npunas oko pesepsoapa (53,1% — PM1), HesagoBso-
reaBajyhu TexHu4kn ycnosu (74,4% — PM1; 60,8% — M1)
(Tj. Aa HajBehmn geo pa3BogHe Mpexe Huje 6o mMewaH y
npetxogHmx 10 rogmHa), o4cyCcTBO peaoBHOI XJlopucana
Boge 3a nuhe (78,0% — PM1; 61,9% — M1), gBoctpyko
BogocHabaeawe (62,0% — PM1; 49,3% — M1; gomahuh-
CTBa KoOja Cy anTepHaTUBHO MOBE3aHa ca HEKOHTponuca-
HUM/HeOe30enHNUM BOAEHVMM M3BOPULLTUMA/CUCTEMMMA)
n pykosoherwe BCL, og cTpaHe HekBanudmkoBaHux nuua
(70,0% — M1).

Y cknagy ca MeTogornorvjom 6p3e npoueHe KBanuteTa
Bofe ofdpefeHa je oueHa caHUTapHMX pu3nka ca CBUX J1o-
Kauuja y3opkoBawa, kopuwheweM ynuTHUKa 3a caHuTap-
HY MHCNEKLMjY, N yOpy>KeHa ca MMKPOBMOMOLLKMM KapakTe-
pucTVKamMa pagv Kpevparba MaTpuLe pyu3unka no 3apaerbe.

KomnapatvBHUM Mpukas matpuue pusmka no 3gpaBibe 3a
cBe BpcTe ussopuwTta BCL, no WWnpum nogpyyjuma je gat
y Tabenu 4. Pasnuka y 3acTynrbeHoCTUMa YeTupu KaTe-
ropvje pusuka uamehy LLUvpux nogpydja je cTaTtucTuyku
3HavajHa. Y WIM1 55% unssopuwTta BCL, npunagano je ka-
Teropuju Cpegmer pusmka, a camo 15% wux kateropuja-
ma Bucokor n Beoma Bucokor pusmka. Y WMN2 n LWUMN3 je,
HanpoTtus, oko 40% n3BopuwTa y ckrnony BCL, npunagano
kateropujun Cpeamner pusmka, a oko 30% HUX je kateropu-
30BaHO Kao Bucoko pusnyHo nnm Beoma BUCOKO pU3NYHO.

According to sanitary inspection, the predominant type of
water source in BA1 were drilled wells (boreholes) with
electrical pumps (84.1%), while in the BA2 and BA3, pro-
tected springs were the most prevalent (68.2% and 88.8%,
respectively).

The predominant risk factors for protected spring source
as a water source for piped systems were: unsatisfactory
technical conditions: absence of fences (73.2%), absence
or non-functional diversion ditch above the spring (62.9%)
and absence of sanitary protection zones, allowing animals
access to water supply sources (61.9%). For borehole with
electrical pumps, it was the presence of other sources of
pollution near the borehole or the pumping mechanism
(63.7%).

The predominant risk factors for piped supply systems —
reservoir and distribution networks (RM1) and only distri-
bution networks (M1) without reservoirs were: the absence
of fence around the reservoir (65.0% - RM1), unsanitary
area around the reservoir (53.1% - RM1), unsatisfactory
technical conditions (74.4% - RM1; 60.8%-M1) (i.e. the
largest part of the network has not been replaced during
the last 10 years), absence of regular chlorination of drink-
ing water (78.0% - RM1; 61.9% - M1), dual water supply
(62.0% - RM1; 49.3% - M1; households which are alterna-
tively connected to uncontrolled — unsafe water sources/
systems) and the management of the piped system by the
unqualified persons (70.0% - M1),

In line with the methodology of the rapid assessment of
drinking water quality, all sampling locations were assessed
for sanitary risks using the sanitary inspection forms, and
combined with the microbiological characteristics to create
the risk-to-health matrices.

A comparative risk-to-health matrix for all types of sourc-
es of piped systems by Broad Areas is presented in Table
4. The difference in the proportion of four risk categories
between Broad Areas was statistically significant. In BA1,
55% of the sources of piped systems were classified into
the intermediate risk category, and only 15% of sources as
high or very high risk. Conversely, in BA2 and BA3, about
40% of the sources of piped systems were in the interme-
diate risk category, and about 30% of sources were cate-
gorized as high and very high risk.
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Tabena 4. KomnapatveBHu npuka3 maTtpuue pusmka no Table 4. Comparative risk-to-health matrices at the sourc-
30paBrbe 3a CBe BPCTe M3BOpMLLTa BOOOBOAHMX cuctema  es of piped systems by Broad Areas
ca uesmma no Lnpum noagpyyjuma

MpoueHaTt nsBopuwTta y cknony BCL| no Lupum noapyyjuma

Proportion of sources of PS within Broad Areas

HuBo pusuka

LLIN2 Beorpag m

LLIN3 UcTtouHa Cpbuja n

Risk level LUM1 BojgoguHa  3anagHa Cp6uja Kocoscka MutpoBuua
BA1 Vojvodina BA2 West Serbia and BA3 East Serbia and
Belgrade Kosovska Mitrovica
Husak pusnk ‘ 28,6% 29,2% 27,1% 28,4%
Low risk
Cpe,qI-bVI'pMmflK 55,4% 38,9% 41,2% 42,0%
Intermediate risk
Bucok pusmk ‘ 15,5% 22.9% 27,1% 23,2%
High risk
Beoma_ BUCOK pU3NK ’ 0.6% 9,0% 4.5% 6,3%
Very high risk

KomnapatvBHM npukas matpuue puanka no 34paBribe 3a
cBe BpcTe mpexa BCL, no lWupum noagpyyjuma je gar y Ta-
6enu 5. Pasnuka y 3acTynsbeHOCTMMa YeTUPU KaTeropuje
pusnka namehy LLnpux nogpydyja je cTaTUCTUYKM 3Hauaj-
Ha. Y W1 60% auctpubyTtmBHux Mpexa y cknony BCL,
npvnagano je kareropuju Huckor pusnka, a camo 5% ka-
Teropujama Bucokor n Beoma Bucokor pusuka. Hacynpot
Tome, y WM2 n WN3 oko 45% AMCTpMOYTUBHMX Mpexa
BCL, npunagano je kateropuju Cpearer pusunka, a oko
30% Hux je kaTeropmaoBaHo kao Brucoko puanyHo munm Be-
OMa BMCOKO PU3NYHO.

Tabena 5. KomnapaTvMBHM nNpuka3 maTpuue pusmka no
30paBrbe 3a CBe BPCTE Mpexa BOAOBOAHMX cucTema ca
uesuma no WWnpum nogpyyjuma

A comparative risk-to-health matrix by the types of net-
works of piped systems between BAs is shown in Table 5.
The difference in proportion of four risk categories between
Broad Areas was statistically significant. In BA1 60% of the
networks of piped systems were categorised as low risk,
and only 5% of networks as high and very high risk. Con-
versely, in BA2 and BA3, about 45% of the networks of
piped systems were in the intermediate risk category, and
about 30% of networks were categorized as high and very
high risk.

Table 5. Comparative risk-to-health matrices by the types
of networks of piped systems by Broad Areas

MpoueHaT Mmpexa y cknony BCL| no LLupum nogpy4juma
Proportion of networks of PS within Broad Areas

HuBo pusuka

LLN2 Beorpag n

LLN3 UcTouHa Cpbmja m

RS LLIN1 BojBoauHa 3anapgHa Cpb6uja KocoBcka MutpoBuua
BA1 Vojvodina BA2 West Serbia and BA3 East Serbia and
Belgrade Kosovska Mitrovica
Hu3ak pusnk . 60,7% 16,8% 13,6% 22.1%
Low risk
(CPERLE AU 33,9% 48,9% 45,7% 45.7%
Intermediate risk
Bucoxk pusnk ‘ 4.8% 25,0% 33,2% 24.7%
High risk
EEOME] ELEER [P . 0,6% 9,3% 7.4% 7.4%
Very high risk
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Ouckycuja

OBo je npBa HauumoHanHa, cBeobyxBaTHa CTyAuja koja ce
faBuna npoueHoM KBanuteTa Boge 3a nvhe n caHnTapHnx
ycrnoBa, cnpoBegeHa Ha Teputopuju Cpbuje. MeTtogono-
LKA HOBMHa BUNO je Kpeupare maTpuLe pusnka no 3apa-
BSb€, CpavyHaTMX cnajaremM oLeHa MMKPOBUOMOLLKOT KBa-
nuTeTa Boda ca pusMuMMa MaeHTUUKOBaHNM NPUIIMKOM
CaHWTapHe MWHcnekumje BogoBoaHMX objekarta. [Momohy
0OBUX MaTpuLa oMmoryheHo je paHrmpane objekata 3a Bogo-
cHabgeBare y pypanHuM pervjama y cknagy ca CTeneHom
XUTHOCTU pyKoBOfeHa TakBUM 0bjekTnma, Yume je rokarn-
HUM camoyrnpaBama 06e3befheH nprkas nucTe npuopuTeTa
nyTem kojux 6m 6uno moryhe noborswaty kBanuTeT Boae,
pa3mMoTpuTK 3axTeBe 3a ynarawe y ogabpaHe objekTe 3a
BoAocHabaeBarwe 1 06e36eamTn NOCTynke Kojuma 6u ce
NnocpegHo peLuro gaty npoobnem.

Kpo3 capagmy cTpyywaka u3 obractv jaBHOr 3gpaBrba,
fioKkanHux camoyrnpasa M BnacHMKa BOLOBOOHUX CUCTEMA
0[, BEMMKE je BaKHOCTU 3arnoveTn NonpaBky Manux BOOO-
BOAHMX cUCTeMa 3a BogocHabaeBawe, Aa 6u ce pelumnu
npobnemun NaeHTMOUKOBaHN TOKOM CaHUTapHe MHCNEeKL M-
je Kao noTeHuWjanHu pasnos3n MMKPOOMONOLLKE KOHTaMM-
Hauuje, 1 MOKPEHYTN CUCTEMATUYHY Ae3nHeKuunjy 1 npa-
herse TparoBa pesuaya gesnHdulmjeHaca y Boau 3a nuhe,
WwTo je npe moryhe.

Y I'pysuju je cnpoBefeHO CrMYHO UCTpaxmBame Takohe
kopuctehu metogonorujy 6p3e npoueHe [7]. MehyTtum, pe-
3ynTatu OBe OBe CTyauje crnpoBedeHe y pypanHum npe-
Aenuma HUCY flako ynopeavBw, ycnen HEKOMMKO KIbYYHUX
pa3nuka. lNpe ceera, obyxBaT MCTpaxuBamwa Yy [pysuju
©uo je orpaHMYeH Ha camo ABa OKpyra, AOK je OBAe npea-
CTaBIfbEHO UCTpaxuBake OGUNO HauMOHAaMNHOr KapakTepa
W YKIbYYMNO reoroLuke, reorpadcke, COLMO-eKOHOMCKe
W KYNTYpOroLKe pasnuke Mefly McnMTaHum noppydjuma.
Takofe, kanTaxHe 1 TexHonornje BogocHabaesama y Age
HaBefeHe ApXxaBe HUCY cacBuM KomnapabunHe. Ha npu-
Mep, 3aCTyMIbEHOCT KonaHmx 1 ByleHnx GyHapa ca mexa-
HUYKMM Nymnama je y 'pyauju 6una 3HadvajHo Beha Hero y
Cpbwuju [14].

Ocum TOra, pasnuumTe reocrnoLlKe U reoxemumjcke KapakTte-
pUCTUKE 3eMIbULLTa ofpaxaBajy ce Ha n3bop napamerapa
KkBanuteta Boge. Hauwme, y 'pyanju cy driyop, rsoxne u
fakap ogabpaHu 3a ucnuTmBawe, Aok cy y Cpbuju npu-
OpWTET UManu apceH U MaHraH. Ynpkoc pasnvkama, mMa-
TpuLe pusvka MNo 34paBibe KpeupaHe npema MeTogono-
wkum cmepHuuama C30 ymawune cy noctojehe pasnuvke
usmehy semarba, CrojuBLLMN UCTE ernemMeHTe — OLeHe Mu-
KpOOWONOLLKOr KBanuTeTa 1 pesynTaTte NpoLleHe caHuTap-
Hor pusuka. YonwTteHo, oko 30% BOAOBOAHMX cucTema ca
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Discussion

This was the first comprehensive national study that as-
sessed the drinking water quality and the sanitary condi-
tions in Serbia. The novelty of the applied methodology
was the creation of the risk-to-health matrices, computed
by combining microbiological water quality with risks identi-
fied by the sanitary inspection of the water supply facilities.
These matrices allow the ranking of water facilities in rural
areas according to the degree of urgency of water supply
facility management, enabling the local authorities to draw
up a list of priorities to improve water quality, to assess
the investment requirements of the selected water facilities
and to provide intervention procedures for resolving the
problems identified.

Through a cooperation between public health profes-
sionals, local authorities and the owners of water supply
systems, it is of prime importance to start repairing the
small-scale water supply systems, to resolve the problems
identified by the sanitary inspections that may be the cause
of microbial contamination, and to initiate systematic wa-
ter disinfection and monitoring of disinfectant residues in
drinking water as soon as possible.

Another survey was conducted in Georgia using the same
rapid assessment methodology [7]. However, the results of
the two studies conducted in rural areas cannot be com-
pared easily, due to several diverging characteristics. First
of all, the coverage of the Georgian survey was limited to
two districts only, whereas the presented study was na-
tion-wide, comprising geological, geographical, socio-eco-
nomic and cultural differences between regions. In addi-
tion, water catchment and supply technologies in the two
countries may not be totally comparable. For example, dug
wells and boreholes with mechanical pumping were more
prevalent in Georgia than in Serbia [14].

Furthermore, different geological and geochemical charac-
teristics of the territories reflected on the selection of differ-
ent water quality parameters. In Georgia, for example, fluo-
ride, iron and copper were selected for testing, whereas in
Serbia, arsenic and manganese were prioritized. Despite
the differences, the risk-to-health matrices created accord-
ing to the WHO methodology decrease the diversities be-
tween countries, combining the same elements —microbio-
logical quality and sanitary risk scores. In general, around
30% of piped systems in Serbia, and 24% of water supply
technologies in two districts in Georgia require high priori-
ty, urgent measures for the improvements of water supply
and for the reduction of health risk to the rural population
consuming the drinking water.

VOLUME 96  NUMBER 1

MARCH 2022



MACHWK JABHOT 3[1PAB/bA

[. [. JosaHosuh, K. XK. MayHosuh, K. Cnacosuh, B. Kapaywh, C. Bujenosuh, C. Inuropujesuh, U. Puctanosuh-lMowasuh, B. JoBaHoBumh

uesmnma y Cpbuju n 24% texHonorunja 3a BogocHabaeBawe
yHyTap ABa okpyra y [py3uju cy 3axteBanu BUCOK Npuopu-
TET M YpPreHTHe Mepe noborbluaka KBanuteTa cuctema 3a
BOOOCHabaeBare U CMareHa 30paBCTBEHOr pusmka y py-
panHuM nomnynauujama — KOpucHULMMa Te Boae 3a nuhe.

Bogehn npobnem y ucnutaHymm BOAOBOOAHUM CUCTEMUMA
je bakTepuornolka KoHTamunHalmja Boge, BepoBaTHo de-
kanHor nopekna [15]. iamepeH 6poj E. coli je Bapupao o
Hyrna 4o Buwe of Aee xurbage Ha 100 mununuTtapa Boge.
Boga 3a nuhe 13 oko jegHe TpehuHe y3eTux ysopaka u3
BOLOBOAHMX CUCTEMA Ca LeBuMa Huje ycknaheHa ca Ha-
UMOHaNHUM cTaHgapaMma MUKpOOMONOLLKOr KBanuTeTa.
MosHaTo je Oa je Escherichia coli 6akTepuja xymaHor u
XMBOTUHCKOI (bekanHor nopekna n ga Moxe fa u3asoBe
0306urbHe nopemehaje 3gpasrba, NONyT racTPOUHTECTU-
HamnHMX CMMNTOMa W AujapeariHor CMHOpOMa Yy BEFNVKUM
nonynaumoHUM rpynama y KpaTkoM BpeMEHCKOM nepuoay.
Wmajyhn y Buay 036UIrbHOCT puamnka Koju MUKPOBMONOLLIKO
3arahere Bofe 3a nuhe Hocu Mo rbyacko 3gpasrbe [16],
notpebHa je xvTHa Aes3nHdekumnja y oBUM 0bjekTMa 3a
BopocHabaesarse [17].

TecTtupatbe Ha E. coli je norogHo 3a ngeHtudpukaumjy de-
KanHor 3arafjerwa LWMPOM Lenor cuctema 3a BOAoOCHab-
JeBawe, Of, U3BopuLTa, MPEeKo nocTtynaka 3a npeuynwha-
Bak-e N pas3BogHe Mpexe, cBe 40 notpowaya. MehyTtum,
bakTepuje nHamkaTopu pekanHor 3arafhewa npeacTaBiba-
jy PETPOCMEKTUBHY aHanu3y puanka npe Hero NpoakTUBHU
nHonkaTop 6e3begHocTn Boge 3a nuhe, u3 pasnora LwTo
je MyKpoburonoLKknm TectoBMMa noTpebHo M3BECHO Bpe-
Me 3a uaeHTUdUKaumjy n KBaHTuduKalmjy, AOK je y3op-
KoBaHa Boga W garbe y ynorpebu. 3atum, jedMHCTBEHM
WHAVKaTOP UMW NapameTap Huje yBeK MHAMKaTMBaH ocTa-
MM 3Ha4YajHMM MUKPOOWOMOLLKMM MapameTpuma U He
06e30ehyje AOBOSbHY KONMUYMHY MHA)OpMaLMja O cucTemy
3a BogocHabaeBawe. Yak n y cnyyajy E. coli npyjaBrusa-
HO je o4cCycCTBO n3bujara XnapudHux enugemuja. 3ato ce
He Tpeba OCNOHUTM CaMo Ha pesnyTaTte aHanuse Boae 3a
nuhe, Beh ux gonyHUTM nogauuma gobunjeHnm n3 caHuTap-
He uvHcnekuuje, wWTto he omMoryhutn jaBHO3OpaBCTBEHUM
camoynpasama ga npeasuge moryhe pusnyHe goranaje y
4nMTaBOM CUCTEMY 3a BogocHabaeBame [18].

Ecrtetckn HenpuxBaT/buBa Boga 3a nuhe y Penybnuum Cp-
Oujn Hajuewhe je noBe3aHa ca NOBULLEHMM KOHLIEHTpaLu-
jama xeMujCKMX enemeHara Koju He npefcTaBrbajy puank
3a 3gpaBrbe Ibyau, NoNyT amoHWjaka, MaHraHa v reoxha.
Y ycrnosuMma y Kojuma Boga 3a nuhe Huje npuxeaTtibuse
6oje, Mypuca unu ykyca, noTpoLuadun Hanase apyre nssope
ecTeTCKu npuxeaTibuBe Bode 3a nuhe koja je, Haxarnocr,
yrnaBHOM MUKPOOMOMOLLKM KOHTaMUHMpPaHa.

The main problem in the investigated water supply sys-
tems is bacteriological contamination of water, probably of
faecal origin [15]. The count of E. coli ranges from zero to
more than two thousand per 100 ml of water. Water from
about one third of drinking water samples from piped sys-
tems did not comply with national guidelines in terms of
microbiological quality. It is known that Escherichia coli
originates from human and animal feces and can cause
serious health problems such as gastro-intestinal symp-
toms and diarrhoea in large populations in a short period
of time. Given the seriousness of the risk to human health
due to microbiological pollution of drinking water [16], ur-
gent water disinfection is required in these water supply
facilities [17].

E. coli testing is suitable for the identification of faecal con-
tamination throughout the water supply system, from the
source, through treatment and distribution, to the consum-
er. However, faecal indicator bacteria analysis represents a
retrospective hazard analysis rather than a proactive indi-
cator of water safety, because microbiological tests require
some time for the identification and count of bacteria, and
the water has already been consumed in the meantime.
Second, a single indicator or parameter is not always infor-
mative for other important microbial parameters, and does
not provide sufficient information about the water supply
system. Even in cases of E. coli absence, outbreaks of wa-
ter-borne diseases have been reported. That is why we
should not rely only on the results of drinking-water anal-
ysis, but supplement this analysis with sanitary inspection
data, which helps public health authorities understand and
predict possible hazardous events in the entire water sup-
ply system [18].

The cases of organoleptically unacceptable drinking wa-
ter in the Republic of Serbia are often connected with in-
creased concentration of chemical elements which are not
hazardous for human health, like ammonia, manganese
and iron. In conditions where drinking water is not accept-
able in appearance, taste and odour, consumers tend to
use other drinking water sources with organoleptically ac-
ceptable drinking water, but unfortunately, these are often
microbiologically contaminated.

Disinfection is of unquestionable importance in the sup-
ply of safe drinking water, especially in terms of ensuring
microbiological quality and reducing the health risk in the
population arising from the use of microbiologically con-
taminated drinking water. Successful disinfection results in
a concentration of residual chlorine in drinking water 0.5
mg/l after 30 minutes of using the chlorine preparation, ac-
cording to the Serbian standard [12] and the WHO recom-
mendations [15]. In small-scale supply systems in Serbia,
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[esnHdekunja je og HeEMeprbUBOT 3Havaja y cHabaeBaky
BogoMm 6e3begHoM 3a nuhe, HAPOYMTO NPW yCrioCTaBIbaky
MUKPOOMOMOLLKOT KBanuTeTa U ymakuBaky 30paBCTBEHOT
pusvka yHyTap nonynauuje kopuwherwem Mukpobuono-
LKW KOHTamuHupaHe BoAe 3a nuhe. PesynTar ycneluHe
AesnHdekumje nogpasymeBa KOHLEHTpaumje pesungyanHor
xnopa y Boau 3a nuhe koje He Hagunase 0,5 mg/l HakoH
30 muHyTa ynotpebe nmpenaparta xfnopa npema CprickoM
ctaHgapay [12] v npenopykama C30 [15]. Y manum Bo-
posogHuM cuctemmma y Cpbuju, HapounTo y BojBoguHy,
ynoTpeba npenapara xfopa je orpaHu4eHa BUCOKUM KOH-
LeHTpaumjama OpraHCcKuMX jefukena Koja yrnase y npu-
poAHM cacTaB BOAE Ca PasnMuuTUX M3BOPULLITA, HajBULLE
nog3emMHunx soga. [Npobnem xnopucawa mM3Bopa Boge 3a
nuhe y BojsoanHu je NnpenosHaTtibmB 1 Y YMbeHnUm a ce
Boda 3a nuhe He npepahyje npe gesvHdekumje, Tako da
je p13nK of, HacTaHka Hycnpoussoaa Ae3nHdekumje u no-
BULLEHMX KOHLEHTpauuja amoHujaka, HuTpata u HUTpuTa
Tnm Behu.

ApCeH 1 HeopraHcka jeankera Koja rpagn cy CBpCTaHu y
lpyny 1 kapuuHoreHa 3a rbyge of ctpaHe MehyHapogHe
areHumje 3a nctpaxusare paka (International Agency for
Research on Cancer—1ARC). YHOC apceHa 1 HeopraHCKux
jenvHera ca apCeHoM je y CHaXKHOj Koperauuju ca kapum-
Homowm nnyha, 6ybpera n npoctate [19]. Npema nogauuma
13 2014. roguHe, rpahaHn EY cy npeBacxogHO U3MNOXeHU
apceHy 13 xuTapuua (mweHuua, nMpuHad), XUTHUX Npo-
n3eoga (NweHu4HM xneb), Mreka, MIeYHX Npoun3Boaa U
BoZe 3a nuhe. ApceH je no3HaT M3BOP OMAaCHOCTU Y BOAMU
3a nuhe, nocebHo y Bojsoantu [20, 21].

CaHuTapHa nHcnekumja BOAOBOAHUX CUCTEMA je O KIbyu-
HOr 3Hayvaja 3a npoueHy 6e3begHocTy Boge 3a nuhe n pu-
3MKe HEHOM CTarHOM JOOpPOM KBanuTeTy OA M3BOpMLUTA
no cnasuHa. Npema nperneny noctojehe nutepatype u
cuHTE3N 3akrbydaka, Kelly et al. [18] nctnyy ga nocrtoju
HEKOJIMKO MexaHm3ama Kojuma Ou caHuTapHa MHCNeKuu-
ja morna ga ponpuHece yHanpehewy kBanuTeTa Boge 3a
nuhe, KOHKPETHO: ynpasrbajyhv nonpasHUM NocTynumma,
npvoputMsaumjom npobnema Ha Kojuma ce Moxe pagu-
TV yBONhEeHeM onepaTtepa 1 nporpamMa CnosbHe nogpLuke,
npenosHaBakeM MpPoOrpamckmMx npobnema v JOMPUHOCOM
nctpaxmeamy. CBpxa caHuTapHe vHcnekumje buna 6u ga
yNOTNyHW aHanuay KBanuTeTta Boge 3a nuhe v ga ce cjegu-
HaBakeM HEeHUX pedyntaTa Kpo3 MaTpukce pusvka gohe
[0 OHMX BOOOBOAHMX CUCTEMA KOjMa Cy HEOMXOA4HE XUTHE
Mepe yHanpehera KBanuTeTa Boae.

3akrbyuum

3aKJ'by'~IHO, OBa KOMMNapaTuBHa aHalmM3a Manmx BoOoBOA-
HUX CUCTEMA Ca LUeBuMMa nokasasna je BVICOKO3Ha‘-IajHe pa-

especially in Vojvodina, the use of chlorine preparation is
limited by the high concentration of organic compounds
naturally found in the drinking water sources, mostly
groundwater. The problem of drinking water chlorination in
Vojvodina is exacerbated by the fact that drinking water is
not treated before disinfection, so the risk of forming dis-
infection by-products and increasing the concentration of
ammonia, nitrates and nitrites is high.

Arsenic and its inorganic compounds are classified as
Group 1 carcinogenic to humans by the International
Agency for Research on Cancer (IARC). The intake of ar-
senic and inorganic arsenic compounds strongly correlate
to lung, urinary bladder and skin cancers, and show a
positive correlation with liver, kidney and prostate cancers
[19]. According to 2014 data, EU citizens are dominant-
ly exposed to arsenic from cereals (wheat, rice), cereals
products (wheat bread), milk and milk products and drink-
ing water. Arsenic is a well-known hazard in drinking water
in Serbia, especially in Vojvodina [20, 21].

Sanitary inspection of water supply systems is of critical
importance for assessing the safety of drinking water and
the risks to the assurance of its quality from source to tap.
According to a literature review and synthesis of findings,
Kelly et al. [18] highlighted that there were several mech-
anisms how sanitary inspections could contribute to im-
proving water safety, concretely through guiding remedi-
al action, prioritizing issues to be improved by operators
and external support programs, identifying programmatic
issues, and contributing to research. The purpose of the
sanitary inspection is to complement drinking water qual-
ity analysis and, by combining their results through a risk
matrix, point to those water systems that needs urgent im-
provement actions.

Conclusions

In conclusion, this comparative analysis of small piped
drinking water supply systems showed pronounced differ-
ences of drinking water quality and identified sanitary risks
between BA1 Vojvodina and the other two Broad Areas,
BA2 West Serbia and Belgrade and BA3 East Serbia and
Kosovska Mitrovica. Analysis of the piped systems identi-
fied the following challanges: a) the highest health concern
regarding microbiological contamination was observed in
BA2 and BA3; b) the highest health concern regarding
physical-chemical water quality was observed in BA1 par-
ticularly for arsenic; c) the most prevalent identified sani-
tary risks for PS in BA1 were the access by animals and
other sources of pollution too close to water sources, while
the absence of regular water chlorination and the absence
of fences around the water sources was predominant in
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3MMKe y KBanuTeTy BoAe 3a nuhe 1 npenosHaTum caHuTap-
HUM pusuuyuma mnsmeny LWIM1 BojsoguHe n npeoctana Aga
Lnpa nogpyyja, M2 3anagHe Cpbuje n WM3 UctouHe
Cpbuje ca Kocockom MutpoBuuom, 1 To Aa je: a) MUKpOo-
OuronoLlka KoHTamMmMHauuja kao Hajseha Opura 3a 3gpasrbe
npumehera y LWM2 n WWUM3; 6) dpusmyko-xemmjcka yrpo-
)KEHOCT KBanuteTa Boge 3a nuhe kao Hajgeha Gpura 3a
3gapasrbe npumeheHa y LM, KOHKPETHO KOHUEeHTpauuje
apceHa; B) Haj3acTynrbeHnju naeHTUUKoBaH caHUTapHu
pu3suk 3a BCL y LLUM1 61o npucTyn »xuBoTUHsa U Apyrux 3a-
rafueava n3BopuLLTY, JOK Cy TO OV HEPEeOOBHO XMopu-
cake 1 0ACyCcTBO orpaja oko masopuwTa y LWM2 n LWMS3;
r) xnopmcawe Boge cnopHo y LUM2 n WM3; a) sanaxeHa
CaHUTapHO-XMIMjeHcka cuTyaumja, ykrbyyyjyhm mmnkpobumo-
NOLLKKN KBanuTeT BoAe 3a nuhe, HajBuLle noroheHa Henpo-
ecrmoHanHum pykosohewem manum BCLL nnn ogcycteom
pykoBofera yonwiTe; fj) koMnapaTtuBHa aHanusa matpuue
pusnka no 3gpasree no lnprnm nogpyyjuma nokasana Bu-
COKO CTaTUCTUYKKN 3HaYajHe pasnuke nameny nssopuLlta un
pa3BogHUX Mpexa y ckrnony BCLL no LUM.

Pa3Boj akuMoHOr nnaHa Kako Ha HauMOoHariHOM Tako U Ha
TNIOKarHOM HMBOY je Krby4yaH ga 6u ce noborbliano cra-
e Manux cuctema 3a BogocHabaeBawe y pypanHum pe-
rmjama. Obpagy Boge 3a nuhe (HNp. yknawakwe apceHa,
xnopucamre) 6u Tpebano 06e3deanTn y CBUM ManMm cu-
cTeMyMMa 3a BogocHabaeBawe, y3 Hafa30p TEXHOMOLLKOr
noctynka n obaeesHy gesnHdekunjy. Takohe, caHuTapHe
3alWTUTHE 30He OuM Tpebano ycnocraBUTM OKO Manux cu-
cTeMa 3a BofocHabaeBawe y pypanHum pervjama. Kana-
uuTeTe 3a ynpasrbakbe 1 OApXKaBake Manvx BO4OBOOHMX
cuctema 6u Tpebano Hapgorpagutu nosehaweM Opoja
CTPYYHMX NMLA 3aMOCMEeHNX Y hnuma 1 pegoBHUM yHanpe-
hewem HUXOBMX 3HaHa 1 BELLTUHA.

3axBanHocTt

AyTOpun cy 3axBanHu TEPEHCKUM TUMOBMMA U KoopAuHa-
TOopMMa 13 Mpexe MHCTUTYTa U 3aBoja 3a jaBHO 3apaBibe
Peny6nuke Cpbuije.

PuHaHcupamwe

VctpaxunBare je cuHaHcupaHo of cTtpaHe PervoHanHe
kaHuenapuje 3a EBpony C30 u PadyHa 3a pa3Boj n Ha-
npegak YjeanweHnx Hauvja nog nokpyhem ABoroauviurser
Cnopasyma o capagwm namehly MuHuctapctea 3gpaBrba
Cpbuje n PervonanHe kaHuenapuje 3a Espony C30.

BA2 and BAS3; d) water chlorination was of great concern in
BA2 and BA3; e) observed sanitary-hygienic situation, in-
cluding microbiological drinking water quality, was mostly
affected by either non-professional management of small
PS or its absence; f) comparative analysis of risk-to health
matrices by Broad areas revealed highly statistically signif-
icant differences for both sources and distribution networks
of the piped systems by Broad Areas.

It is crucial to develop an action plan at national and lo-
cal levels for the improvement of the situation in small-
scale water supply systems in rural areas. Drinking water
treatment should be ensured in small-scale water supply
systems (e.g arsenic removal, chlorination) with monitor-
ing of the technological process, as well as disinfection. In
addition, water protection zones should be established in
small water supply systems in rural areas. The capacities
for operation and maintenance of small-scale water sup-
ply systems should be built by increasing the number of
specialists working in water supply systems and enhancing
their knowledge and skills on a regular basis.
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