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Abstract

Introduction. Microbiological safety of water supply, sanitation and hygiene (WASH) is one of the priority tasks in
maintaining and strengthening the public health.

The purpose of this work was to review the results of foreign and domestic sanitary and microbiological studies on the
microbiological safety of water supply, sanitation and hygiene (WASH).

Search Strategies. The authors of this article codeveloped a search strategy that was the same for each database.
Traditional search of sources by keywords was carried out in the PubMed, Scopus, Web of Science and Google Scholar
databases in English, Russian and Kazakh languages with inclusion and exclusion criteria. Fifty-three sources out of 116
were selected as analytical materials. The depth of the search was from 1977 to 2020. The criteria for including publications
in the review were as follows: publications in Russian and English that are in open full-text access and contain statistically
confirmed conclusions. Summary reports, newspaper articles and personal messages were excluded from the review.

Results. Ensuring the microbial safety of the drinking-water supply relies on the use of many barriers from the water
collection to the consumer in order to prevent contamination from drinking water or reduce it to acceptable levels, not harmful
to health. Safety is enhanced when multiple barriers against contamination are established, including protecting water
resources, selecting and implementing a range of appropriate treatment measures, and regulating distribution systems
(piped or non-piped) to maintain and protect the quality of treated water. The preferred strategy is a regulatory approach that
focuses on preventing or reducing the entry of pathogens into water sources, and on reducing reliance on water treatment to
remove pathogens.

Conclusion. Thus, ensuring the microbial safety of WASH requires the following: an assessment of the entire system to
determine the potential harmful factors that may affect it; determination of control measures to reduce or eliminate these
harmful factors as well as operational monitoring to ensure the effective functioning of barriers from infection within the
system; and developing regulatory plans to describe actions to be taken both under normal conditions and in unforeseen
circumstances.
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BBepeHue. ObecneyeHne Mukpobronormieckon 6e3onacHoCTH BogocHabxeHus:, caHntapum v rurnensl (BCI) sienseTcs
OZHOW M3 NPUOPUTETHbIX 3afay B COXPAHEHUM 1 YKPENNEHUN 3L0POBLS HACENEHUs.

Lenbto Hactoswen pabotbl sBuncs 0630p pe3ynbTaToB  3apybexHbIX M OTEYECTBEHHbIX — CaHUTapHO-
MWKPOBMONOMMYECKNX MCCIedoBaHMiA No npobneme obecneveHns Mukpobronornyeckoil 6e3onacHocT BogoCHabxeHus,
caHuTapum v rurnensl (BCT).

Crparerusi nomcka. ABTOpbI 3TOI CTaTbi COBMECTHO pa3paboTanu cTpaTerso noucka, kotopas bbina oguHakoBon Ans
kaxzoi 6a3sbl AaHHbIX. TpaauUMOHHBIA NOUCK UCTOYHMKOB MO KMHOYEBLIM CrioBam npoBoaumncst B 6asax gaHHbix PubMed,
Scopus, Web of Science un Google Scholar Ha aHrMMCKOM, PyCCKOM W Ka3axCKOM S3blkax MO KPUTEPUSAM BKITIOYEHUS W
uckmoyeHns. B kayecTBe aHanuTuyeckoro Matepuana Obinu BbibpaHbl NSTbAECAT TPW UCTOYHMKA U3 116. MnybuHa noucka
coctaensna ¢ 1977 no 2020 rog. Kpumepuu ekmoyeHust nybnukaumic B 0030p Obinu cneaytoLmMmMmu; NONHOTEKCTOBbIE
nybnuKkaLmMm Ha pyCCKOM W aHITMIACKOM Si3blkaX, HaxOOsLUMECs B OTKPbITOM AOCTYNE M COAEpXallue CTaTUCTUYECK
NOATBEPXAeHHbIE BbIBOAbI. KpaTkue 0T4eTbl, ra3eTHble CTaTby M NUYHbIe COOBLLEHIS Bbiny UCKMtoYeHb! 13 063opa.

PesynbTtatbl. ObecneyeHne MUKpoGHOM 6e30MacHOCTM MUTBLEBOrO BOJOCHAOGXKEHMS OCHOBAHO Ha WCMOMb30BaHUM
MHOXeCTBa nperpag Ha nyTu oT Bogocbopa Ao noTpebutens B Lensx npesynpexaeHns 3apaxeHus NUTbeBOM BOAbl MK
COKpALLIEHNS 3apaXeHnst O YPOBHEN, KOTOPbIE He BPedHbl Ans 300poBbsi. besonacHoCTb Bo3pacTaeT, eciv YCTaHOBMEHO
MHOXECTBO Mperpag no NpemynpexaeHnio 3apaxeHnsl, BKMIYas 3aluTy BOAHBIX PECYpPCOB, Haafexawun Bbibop w
OCYLLECTBMIEHNE psiga Mep MO O4MCTKEe, a Takke PErynupoBaHWe cucTeM pacnpedeneHus (BOSOMPOBOAHBLIX WAM He
BOAONPOBOAHbIX) 4151 NOAAEPXKaHWS U 3alMTbl kavecTBa 0bpaboTaHHON Bogbl. [1peanoyuTUTENLHON CTpaTeren SBnsaeTcs
MOAXOL PErynMPOBaHMS!, NP KOTOPOM OCHOBHOM aKLEHT CTABUTCS Ha NpEeLyNpexneHnn Ui COKpaLLEHUM NPOHUKHOBEHMS
NaToreHHbIX MUKPOOPraHW3MOB B WCTOYHWKA BOAbI, @ Takke Ha YMEHbLUEHUW 3aBMCMMOCTW OT MPOLECCOB OYUCTKM Ans
yOaneHns naToreHos.

3aknioueHune. Takum obpasom, obecneveHne MukpobHon OesonacHoctu BCI TpebyeT npoBeaeHUst OLEHKM BCen
CUCTEMbI A/ OnpedeneHnst NoTeHUManbHbIX BpeaHbIX (haKTOPOB, KOTOPblE MOryT BO3OENCTBOBATb Ha 3Ty CUCTEMY;
ONpeaeneHnst Mep KOHTPONS, HeOOXOAMMBIX ANs COKPALLEHUS UK YCTPAHEHNS BPeAHbIX (DaKTOPOB, a Takke OnepaTUBHOTO
MOHUTOPUHra Ans obecneyeHns adeKTUBHOrO (YHKLMOHMPOBAHMSA Mperpag OT 3apaxeHust B pamkax CHUCTEMbI;
pa3paboTky MNaHOB PErynupoBaHus Ans ONUCcaHWs OEeNCTBUW, NPeanpyHUMAaeMbIX Kak B HOPManbHbIX YCNOBMSIX, Tak U B
HenpeaBMaEHHbIX 06CTOATENLCTBAX.

Knrouesble croga: aHmubuomukope3ucmeHmHocms; 8o0ocHabxeHue, caHumapus u eueueHa (BCl); koHmponb
Kayecmea; MUKDOBHOE 3apaxeHue.

TyniHpeme

CYMEH XABAbLIKTAY, CAHUTAPUA XXKOHE TMT'MEHAHbIH
MUKPOBUONOIMUANbIK KAYINCI3AINIHIH MOSCENENEPI.
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Kipicne. CymeH xabpblikTay, caHutapus xaHe rurneHanbiHbiH (CCI) Mukpobuonorisnblk KayinciagiriH kamtamacsI3 eTy
XanblKTbIH AeHCaYMbIFbIH CaKTay MeH HblFaiTyaarsl 6ackiM MiHaeTTepaiH Gipi Gonbin Tabbinags!.
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By XyMbICTbIH MaKcaTbl CyMeH XabablKTay, caHuTapus xoHe rurreHaHbiHbiH, (CCI) Mukpobuonorusnblk KayinciagiriH
KamTamacbla €Ty Maceneci OOMbIHIWIA LIETENAK XSHE OTaHAbIK CaHWUTapUSIbIK-MAKPOBMONOTMAMNbIK 3epTTeynepaiH
HOTWXenepiHe Wwony xacay ongsl.

I3peHy ctpatermscbl. Ocbl MakanaHblH, aBTopnapbl 8p Lepekkopra bipaen GonatbiH isgey crpaterusicelH Gipnecin
xacagbl. TymniHai cesnep boibiHWa aepekkesaepai AacTypni isgey PubMed, Scopus, Web of Science xaHe Google Scholar
AEepeKKoprapblHaa afbinlibiH, OpbIC X8He Kalak TingepiHoe KOCy XoHe LUblfapy KpuTepuinepiHe Comkec Xyprisingi.
AHanuTukanelk MaTepuangap petiHge 116-gaH eny yw gepekkes TaHgangbl. 3gey tepeHairi 1977 xbingan 2020 xbinfa
peniH 6onabl. XapusnaHbiMaapas! WonyFa Kocy kputepuinepi MbiHanap 6ongpl: alblk TOMbIK MATIHAI KOMKETIMA XaHe
CTaTUCTUKarbIK pacTanfaH KopbITbiHAbINapbl 6ap opbIC XaHe aFbiNwbIH TinaepiHaer xapusanaHsimgap. Kpeickala ecentep,
raseT Makananapbl aHe xeke xabapnamanap WonyaaH WeiFapbiigbl.

Hatuxenepi. Aybi3 cymeH xababliKrayablH MUKPOOTLIK KayinciaairiH KaMmTamachl3 eTy aybl3 Cy apKbifbl XyKnanapabl
KYKTbIPYObIH angblH any HemMece OHbl AeHCayIbIKKa 3USHAbI EMEC AeHrelire AeiiH a3aiTy YLiH Cy XuHay4aH TYTbIHyLLbIFa
QeNiHri kenTereH Keaeprinepdi KonpaHyFa HerisgenreH. Erep cy pecypcTapblH KOpFayabl, TasapTy XeHiHgeri OipkaTap
Lapanapgabl TUICTi TaHZayabl XaHe Xy3ere acblpyadbl, COHAal-aK @HOEeNreH CyAblH, CanacbiH CakTay XoHe Kopfay YLiH
Tapaty XymenepiH (cy Kybbipbl apKbinbl HeMece ¢y KyObipbl apKbirnbl eMeC) peTTeyai Koca anFaHaa, XyKna XKyKTbipyabiH
anablH any GoibIHILA KenTereH Keaeprinep opHaTbinca Kayinciaaik aptagbl. ApThIKWbINbLIKTLI CTpaTerns-6yn peTTey Tacini,
OHZa@ KO34bIPFbILUTAPAbIH, CY KO3aepiHe eHyiHiH andblH anyFa HEMece asaiTyFa, COHAaN-aK KOo3abIpFbilUTapabl KO YLUIH
Ta3apTy npouecTepiHe Tayenainikti asamtyra Gaca Hasap aygapbinatbiH peTTey Tacini kanaynbl ctpaTerust 60mbin
Tabbinagp!.

KopbiTbiHabl. Ocbinaiwa, CCl-HbiH MMKpOOTLIK KayincisgiriH KaMmTamacbi3 eTy OCbl XyWere acep €Tyi MyMkKiH
bIKTUMan 3usiHAbI hakTopnapAbl aHbIKTay YLUiH 6yKin xyneHi 6aranayabl; 3usiHabl hakTopnapasl a3anTy HeMece Ot YLLiH
KaXeTTi Bakbinay LapanapbiH aHblKTayabl, COHa-aK Xyhe WweHOepiHaer XyKna XYKTblpydaH KeaeprinepdiH Tuimai
KYMbIC iCTEYiH KamTamacbl3 eTy YLWiH Xemen MOHWTOPWHITI; KamnbiNTbl XaFfaiga [fda, KyTnereH argaiga ga
KabblnaaHaTbiH SpEKeTTep/i cunaTTay YLWiH peTTey ocnapnapblH a3ipneysi Tanan eTegi.

Tytindi ce3dep: aHmubuomukke me3imdinik; MuKpobmbIK nacmaty; cymeH xabobikmay, caHuUmapusi XoHe auaueHa
(CCr); canaHbi bakbinay.
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Introduction

Microbiological safety of water supply, sanitation and
hygiene (WASH) is one of the priority tasks in maintaining
and strengthening public health. There is an obvious need
for targeted action to reduce morbidity associated with the
growing anthropogenic impact of biological pollution
mediated through water systems [13-18].

WASH quality and safety issues are atracting more and
more attention from public health authorities,
microbiologists, engineers and epidemiologists. There are
acute questions regarding disinfection-resistant microbial
populations, antibiotic resistance, the transmission of
virulence factors between microorganisms, and the need to
minimize anthropogenic impact on water supplies.
However, there are little research on the microbiology of
WASH and its influence on public health. Microbiological
safety of WASH should become one of the priority areas of
scientific research, as there is an urgent need for
information to support decision-making and response to
emergencies [33,46,50].

The aim of this study was to review the results of
foreign and domestic sanitary and microbiological studies
on the microbiological safety of water supply, sanitation and
hygiene (WASH).

Search Strategies

The authors of this article codeveloped a search
strategy that was the same for each database. Traditional
search of sources by keywords was carried out (Table 1) in
the PubMed, Scopus, Web of Science and Google Scholar
databases in English, Russian and Kazakh languages with
inclusion and exclusion criteria noted below. Fifty-three
sources out of 116 were selected as analytical materials.
The depth of the search was from 1977 to 2020.

The criteria for including publications in the review were
as follows: publications in Russian and English that are in
open full-text access and contain statistically confirmed
conclusions.

Summary reports, newspaper articles and personal
messages were excluded from the review.
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Table 1.
Keywords used during the search in the PubMed,
Scopus, Web of Science and Google Scholar databases.

Search Number —

Database Keywords Combination

n oW

“antibiotic resistance”, “microbial
1— PubMed Sontamlnatlon , qL.Jah.ty control”,
water supply, sanitation and

hygiene”, “WASH”

“antibiotic resistance” AND “microbial
contamination” AND “quality control”
AND *“water supply, sanitation and
hygiene” OR “WASH”

2 - Scopus

“antibiotic resistance” AND “microbial
contamination” AND “quality control’
AND “water supply, sanitation and
hygiene” OR “WASH”

3 - Web of
Science

EEN

“antibiotic resistance”, “microbial
contamination”, “quality control”,
“water supply, sanitation and

hygiene”, “WASH”

4 - Google Scholar

Sum of databases
searches

PubMed AND Scopus AND Web of
Science AND Google Scholar

Results and Discussion

1. Microbiocenosis of water from water supply and
sewerage systems

Water supply systems are designed and operated to
deliver biologically safe and chemically pure water to the
consumer. However, these systems represent an ecological
niche in which microorganisms live and multiply. In this
case, microbial ecology is regulated by the technical state
and operating conditions of the water supply system, which
can make microbial communities in the form of biofilms,
which are found in dry sediment and running water.
According to various sources, the total number of
microorganisms in tap water ranges from 104 to 106 CFU
per liter [42,48]. The microbial composition of water is
influenced by many aspects: from the length and shape of
the distribution network to the pipe material [27,29,33,36-
37,47]. The main problem of determining the microbiome of
drinking water is that it dynamically changes at all stages of
water treatment.

The greatest risk of microbial pollution is associated
with the consumption of water contaminated with human or
animal (or birds) faeces. Faeces are able to be a source of
various pathogenic microorganisms such as bacteria,
viruses, protozoa and helminths. Faecal pathogens are a
major problem in setting health-related microbial safety
goals. Water quality in terms of microbial contamination
often varies in a wide range. Short-term peak
concentrations of pathogens can significantly increase the
risk of disease and trigger outbreaks of WASH-related
disease. Therefore, to ensure the microbial safety of
drinking water, it is not an option to rely solely on checking
the final state of the water, even if it is done frequently. Due
attention should be paid to the basics of water safety and
the implementation of comprehensive water safety plans
(WSPs) to ensure the safety of drinking water at all times
and thereby preserve the health of the population [20,42].
The main reasons for the spread of fecal water pollution are
often as follows [25]:

— proximity of local sewerage systems;

— breakdowns in nearby sewers;

— proximity of municipal solid waste (MSW) landfills
and livestock farms to the water source;

— breakdowns in the water treatment system and its
misuse.

An important factor affecting water supply systems is
the qualitative and quantitative composition of opportunistic
pathogenic  microflora  (OPM). The gram-negative
nonfermentable bacteria (GNNB) are more common than all
other microorganisms, many of them are representatives of
the hydrobiont microflora. Among the OPMs, the genera
Acinetobacter, Burkholderia, Brevundimonas,
Chryseobacterium,  Sphingomonas,  Stenotrophomonas,
Pseudomonas, Legionella, Mycobacterium, Ochrobactrum
and were found [28,45]. Special mention should go to
Acinetobacter, Pseudomonas and Stenotrophomonas,
which are carriers of natural genetic determinants of
antibiotic resistance and have the ability to spread them.
The presence of biofilm-forming microorganisms such as
Bradyrhizobium in the water supply system not only leads to
a change in water quality, but also forms biofilms on the
water supply network. Such biofilms, when added with other
microorganisms, including pathogens, become a constant
source of deterioration in the quality of water supply and
can be removed only through the replacement of the water
supply network [28].

In many recent studies, the environment is considered
as a recipient of both drug-resistant bacteria and a reservoir
and source of resistance genes. Water supply and
sewerage systems are recognized by World Health
Organization (WHO) as one of the critical points in the
spread of antibiotic resistance [51]. Water is one of the most
important factors in the spread of genetic determinants of
antibiotic resistance [49]. In addition, many of them have
been obtained from aquatic microflora [34,52]. There are
multiple data on the distribution of the determinants of
antibiotic resistance NDM-1, which provides resistance to
the entire range of beta-lactam antibiotics, and is often
combined with  Qnr-type resistance and various
Aminoglycosides modifying enzymes. The spread of
extended spectrum beta-lactamases (ESBLs) in wastewater
has been repeatedly proven on a world-wide basis
[24,30,50,53]. Therefore, drinking and waste water can be
both a source of microorganisms producing determinants of
antibiotic resistance, and antibiotic resistance genes
themselves.

The spread of drug resistance has been observed
among bacteria as indicators of faecal water contamination.
Genes for resistance to antimicrobial agents have been
identified among the  representatives of the
Enterobacteriaceae family (in particular, Escherichia coli,
Salmonella spp., Klebsiella spp., Yersinia pestis and
Shigella spp.) and Staphylococcus aureus (in particular,
MRSA). Untreated wastewater contains concentrated levels
of pathogenic and non-pathogenic microbes and antibiotics.
Wastewater and untreated wastewater can enter surface
one through combined sewers. During heavy rainfall,
wastewater treatment plants with combined storm-water
collectors may experience overflows exceeding their design
capacity, and thus mixed water may be discharged without
complete treatment. The annual concentrations of resistant
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coliform microorganisms discharged from the combined
sewers were about 5000 times higher than from wastewater
treatment plants [32]. A global monitoring of urban
wastewater has made it possible to assess systematic
differences in the number and diversity of genes for
antimicrobial resistance [26]. There were significant regional
differences that correlated more with social and economic
factors than with antibiotic use. Two clusters of antibiotic
resistance gene abundance were identified: the first cluster
consisted of high-income countries in Europe, North
America and Oceania, and the second cluster included low-
and middle-income countries in Africa, Asia and South
America. The first cluster had a high abundance of a limited
number of antibiotic resistance genes encoding macrolide
resistance genes. In the second cluster, a large number of
different resistance genes from different classes of drugs
were found. The largest discrepancy in the distribution of
resistance genes was found in India, Vietnam and Brazil,
suggesting that these countries may be hot spots for the
emergence of new antibiotic resistance mechanisms. This
statement was proven in 2011 with the emergence of a new
type of beta-lactamase NDM-1 [23,26,46].

Pathogenic bacteria found in hospitals and other health
care facilities and resistant to all or almost all of the existing
antibiotics are of increasing concern in the world.
Antibiotics, pharmaceutical residues, bacteria and
antimicrobial resistance genes were found in hospital
wastewater after the following types of treatment [31]:

— urban wastewater treatment plants (i.e. the hospital
was the source of indirect discharge);

— local sewerage systems;

— without any treatment before discharge into surface
waters (i.e. direct discharge).

Antibiotics and antibiotic residues can enter urban
wastewater as a result of the removal of pharmaceuticals,
urine and feces of patients taking medications, as well as
antimicrobials for washing surfaces, hands and clothing.
Untreated wastewater can mix with pretreated and/or
untreated medical waste, creating a hot spot for the
proliferation of antibiotic resistance genes. Additionally,
wastewater from health care facilities contains a higher
concentration of pathogenic and opportunistic bacteria that
can spread or acquire genes or be secreted (i.e. multiply
faster than other bacteria in wastewater due to mutation)
from wastewater [35].

In addition to faecal pathogens, other harmful microbial
organisms (for example, Dracunculus medinensis, toxic
cyanobacteria and Legionella) can pose a risk to public
health under certain circumstances. In the infectious stages
of many helminths, such as parasitic roundworms and
flatworms, people can become infected through drinking
water. Since a single mature larva or fertilized egg can
cause infection, they must be absent from drinking water.
However, the waterway is of relatively little importance for
helminth infestation, with the exception of guinea worm [28].

Legionella bacteria are omnipresent in the environment
and can penetrate at elevated temperatures, which are
sometimes observed in drinking water distribution systems,
and more often in hot and warm ones. Exposure to
Legionella in drinking water is through inhalation and can be
controlled by implementing basic water quality measures in
buildings and by maintaining residual disinfection

throughout the water distribution system. Legionella does
not cause disease in healthy people, but it can cause a
sense of discomfort due to unpleasant taste and odor, or
discoloration of drinking water. Growth that occurs after
drinking water has been treated is often referred to as
"regrowth". It is usually reflected in the measurement of the
increasing number of microorganisms determined by the
plate method (NMDPM) in water samples [51].

A public health concern with cyanobacteria is related to
their ability to produce a range of toxins known as
"cyanotoxins" [28]. Cyanobacteria, unlike pathogenic
bacteria, do not spread in the human body after ingestion;
they spread only in the aquatic environment. Although toxic
peptides (e.g. microcystins) are usually found in cells and
thus can be largely destroyed by filtration, toxic alkaloids
such as cylindrospermopsin and neurotoxin also enter the
water and can penetrate filtration systems.

Therefore, the safety of drinking water depends on
some factors including the quality of the source water, the
effectiveness of treatment, the reliability and integrity of the
engineering infrastructure, and the possibility of re-growth of
microorganisms in the pipes. Hazards can potentially
compromise water quality at every step of production and
delivery of drinking water. Distribution systems may be less
prone to pollution than open surface water catchment
areas. However, biofilms, deposits and corrosion products
can contain pathogens from ineffective handling or
disruption to the distribution system. Hidden in sediment or
embedded in biofim and bumps, pathogens can be
released during repair or cleaning as a result of erosion
caused by sudden changes in the flow structure or as a
result of continuous natural separation of biofilm. The
survival of pathogens depends on their nature, microbial
activity in the biofilm and some environmental factors. Thus,
there is a need to attract additional resources to control the
water microbiocenosis from water supply and sewerage
systems.

2. Methods of water quality control in terms of
microbial contamination

When our country introduced the Sanitary Rules called
"Sanitary and Epidemiological Requirements for Water
Sources, Water Withdrawal Points for Household and
Drinking Purposes, Household and Drinking Water Supply,
Places of Cultural and Household Water Use and Safety of
Water Bodies" [11] as well as "Hygienic Requirements for
Surface Waters Protection" [12], a new regulatory
framework has been created. It provides for the need for
direct detection of viruses in drinking water, surface and
waste waters. The classical and most reliable method of
controlling viral water contamination is the direct isolation of
viruses on cell cultures. However, it is known that many
epidemiologically significant viruses (for example, hepatitis
A, rotaviruses, noroviruses, etc.) are not cultivated on cells
traditionally used in the practice of virus isolation or are
cultivated in special cultures with great difficulty. At the
same time, working with cell cultures requires special
laboratory equipment, qualified personnel and significant
material costs. It should also be noted that the obtained
results are of a retrospective nature, which reduces both the
significance of this method as a planned one in practice and
water quality control in relation to viral contamination
according to epidemiological indications [5].
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Concerning the water quality in terms of microbial
contamination, the checking necessarily includes
microbiological testing. In most cases, it involves the
analysis of indicator faecal microorganisms, but sometimes
it may also include an assessment of the density of specific
pathogens. These checking approaches involve testing
water at source, water immediately after treatment, water in
distribution systems, or household water reserves. The
quality of drinking water is tested for microbial
contamination includes Escherichia coli as an indicator of
faecal contamination. Escherichia coli is strong evidence of
recent contamination by faeces that must not be present in
drinking water. The main requirements for indicator and
sanitary-indicative microorganisms are as follows [19,41]:

1. A common source of entry into the environment with
pathogenic microorganisms;

2. Equal resistance to environmental factors and
disinfecting agents with pathogenic microorganisms;

3. The quantitative predominance of indicator
microorganisms over pathogenic ones;

4, Indicator microorganisms must have a stable
correlation with pathogenic ones in order to assume the
quantitative content of the latter by the number of the
former;

5. Indicator microorganisms must not multiply in the
environment;

6. Simplicity and rapidity of methods for isolating
indicator microorganisms;

7. Non-pathogenicity of indicator microorganisms.

However, in practice, testing for thermoduric coliform
bacteria may be an acceptable alternative in plenty of
cases. While Escherichia coli is a useful indicator, it has
some limitations. Enteroviruses and protozoa are much
more stable to disinfection, that is why the absence of
Escherichia coli does not necessarily indicate release from
these microorganisms. Under certain conditions, it is
desirable to include bacteriophages [6,19].

As the sanitary microbiology developed, there was a
constant discussion regarding various microorganisms and
indicators that could be used as criteria of viral water
pollution: Escherichia coli, coliphages, clostridia, viral
antigens of RNA and DNA of viruses, water turbidity, etc.
Coliform bacteria and Escherichia coli cannot perform the
function of indicator microorganisms in relation to viral
contamination, since viruses are more resistant to the
effects of chemical and physical environmental factors and
disinfecting agents from water treatment than bacteria
according to the data of domestic and foreign scientists
[1,7-8].

The literature [2-4,9] describes outbreaks of viral
hepatitis related to the use of drinking water with standard
bacteriological parameters. The question of the possibility of
introducing clostridia into routine sanitary and virological
control as an indicator microorganism is debatable. Unlike
coliform bacteria, clostridia are more resistant to various
factors and water treatment agents than intestinal viruses.
In this regard, water disinfection requires significantly higher
doses of chlorine, ozone and other disinfectants, which can
contribute to a sharp increase in the formation of
trihalomethanes, haloform compounds, free radicals,
aldehydes, etc., having an adverse effect on public health
and causing long-term biological effects. In addition,

Clostridia do not meet the requirements for indicator
microorganisms in many other parameters.

In his works, K.K. Toguzbaeva and her colleques
assume [21] that there is a trend for microbial pollution of
drinking water, which directly affects public health and
increases the number of acute enteric infections and viral
hepatitis. Preliminary calculations based on the regression
dependence revealed a direct and strong positive
correlation between microbial pollution of drinking water and
an increase in the number of these diseases among the
studied group of people. However, in terms of
microbiological indicators in the region, the percentage of
non-standard water samples from centralized water supply
systems decreased from 0.59% in 2009 to 0.4% in 2013,
from decentralized water supply systems from 1.3% in 2009
and to 1,08% in 2013. K.K. Toguzbaeva et al. [21] came to
the following conclusions:

1. The most adequate indicators of viral water pollution
are coliphages and markers of DNA and RNA viruses,
determined by PCR and RT-PCR, respectively;

2. Markers of DNA and RNA viruses in a water sample
indicate the direct presence of viruses in water and their
species, as well as their possible quantitative level, which
requires epidemiological alertness.

Having studied the rural population of the Almaty region
and their sanitary and hygienic living conditions [10,22], a
group of researchers led by B.A. Ramazanova came to the
conclusion that the analysis of the water quality of
decentralized water supply sources by microbiological
indicators gave grounds to state a tendency towards its
improvement. During the study period in this region, 9.0% of
working water pipelines did not meet sanitary and
epidemiological requirements, including 52.8% due to the
lack of sanitary protection zones, 28.5% due to the lack of
the necessary treatment facilities and 44.3% did not have
disinfection facilities. In a number of districts, the
unsatisfactory condition of the existing water pipelines was
simultaneously caused by several of the above reasons.

Ensuring the microbial safety of the drinking-water
supply relies on the use of many barriers from the water
collection to the consumer in order to prevent contamination
from drinking water or reduce it to acceptable levels, not
harmful to health [38-39,40,42-44]. Safety is enhanced
when multiple barriers against contamination are
established, including protecting water resources, selecting
and implementing a range of appropriate treatment
measures, and regulating distribution systems (piped or
non-piped) to maintain and protect the quality of treated
water. The preferred strategy is a regulatory approach that
focuses on preventing or reducing the entry of pathogens
into water sources, and on reducing reliance on water
treatment to remove pathogens.

Thereby, outbreaks of waterborne diseases associated
with microbial contamination are underinvestigated. Data on
outbreaks caused by many etiological agents tend to rarely
affect water supply networks, since backflow and growth
events are likely not to be recognized and reported unless
an entire building with a large number of people is affected.
There is a need for epidemiological studies that aim at
microbial contamination of water. Surveillance systems help
to track trends in causes and risk factors for waterborne
diseases, but they are not very susceptible and not able to
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serve as a fast warning system for water-related health
problems in a particular community due to reporting delays.
Therefore, epidemiological studies of the risk of endemic
diseases associated with microbial contamination of
drinking-water should be carried out and developed with
sufficient capacity and resources to address the
shortcomings of previous studies.

Conclusion

Thus, ensuring the microbial safety of WASH requires
the following: an assessment of the entire system to
determine the potential harmful factors that may affect it;
determination of control measures to reduce or eliminate
these harmful factors as well as operational monitoring to
ensure the effective functioning of barriers from infection
within the system; and developing regulatory plans to
describe operations to be taken both under normal
conditions and in unforeseen circumstances. These
measures are three components of the WSPs. Insufficiency
to ensure the microbiological safety of WASH can lead to
outbreaks and fatal epidemics.
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