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MICROBIOLOGICAL ASSESSMENT
OF DRINKING WATER QUALITY AT
DIFFERENT STAGES OF WATER
TREATMENT

O6’cxkmom docnidxcenns € axicmo OxNcepes UeHmpPaliz08anozo 6000NOCMAUAHNs 3d4 eNiOeMiON0ZIHUMU NO-
KA3HUKAMU TNA TMEeXHOL02IS iX 3He3apajNcenis na Pisnux cmaoiix 6000ni020mosKu na NPUKIadi KOMYHAIbHOZ0
nionpuemcmea (KII) «<)Kumomupsodoxanars (Yepaina). Y pobomi 3diticneno ouinxy o6’ckma dociioxcenis ma
BCMANOBILEHO, U0 BUBUECHIL OAKMEPION02IUIH020 CIMANY B00HUX 00 €KMIB, U0 € ONCePENAMU UCHMPATIZ08a11020 6000~
nocmauanms, Hapasi € OOHUM 3 HAUBANCAUCTUUX 3a60a1nb. OcOOIUBO 3 0240y HA SHAUHULL BNIUE 20CTO0APCHKOL
Oisivrocmi 00U Ha NOGEPXHes] 00U Mma HedOCamui memnu Mooepuizauii ooiadnanis 0is 6000ni020MoGKU.
Busnaueno, wo wupoxo nowupeni memoou 0esingexuii 3 GUKOPUCTIANHAM YIbmpapiosemy ma XiMiunux peuo-
eun (XI0PY6anns ma 030HYEANH) MAIOMb CE0I CULLHI CMOPOHU Ma HedoLiku. Y pobomi nasedeno pesyivmamu
ananisis 600u 3 OAcepes UeHmMpalizoeanozo 6000NOCMAUAHI HA PISHUX CMAOIAX 6000Ni020MOKU 34 MIKPOOIONL0-
eiunumu noxasnuxam npomsizom 2019 poxy: sazanvie mikpobue uucaro (3MU) ma sazarvra xirvkicmv Korigazis.
Bcmanosaeno nesadosiivnuil cmam 6000UM, w0 € dxcepenom sodonocmavanis y micmi. Josedeno, wo icnyoua
MeXHOL0215 3He3apaNcenis 00U 3 lcepel UeHMPaiiz08an020 6000NOCMAUANIS, KA 30HUCHIOEMbCS Y 06a emanu
3 BUKOPUCTIANHAM POSUUHNO20 XI0PY MA 2iNOXIOPUMY HAMPII0, € ePeKmUsHOI0 Y 3HEUKOONCeHHi bakmepiil epynu
Kuwko6oi namuuxu. Y pesyavmami 00CaioNcens GUABICHO 3ALCHCHICID KOHUCHMPAYLT MIKPOOP2AII3MIE Y B00HUX
odcepenax uenmpanizosanozo 6000NOCMauais 6id no2ooHux ymoe (naubirvue mMikpobue 3abpyonenns cnocme-
plzaemvcs 3 mpasmus no Hoemeno Micayv). /losederno nomipuuil pisens sabpyonenns 6odu (6 mexcax 6id 1,1 00.
00 7,5 00.) 3a enidemionozivnum xpumepiem y sodocxosuuax </lenuwis ma «Bidciunes (QKumomupcoka obracmo,
Yipaina). Bcmanosaeno, wo y pesepsyapax wucmoi 600u enioemioioziunuil kpumepit Mae 0onycmuMuil pisein.
Mooicna cmeepoacysamu, wo 00a y pesepsyapax € npuoamioio 0Lt NUmHo20 000KOPUCTNYEAHH MICUCCUM HA-
ceaennsm. Taxum uunom, pesyromamu 00CAiONCeHHs O0BOOIMb, WO MEXHOL02IA 3Hesapaxcetis 600u (nepedbauae
sanposadcenis 060x cmaditi 06podxu 600u), wo suxopucmosyemocs na KII «<)>Kumomupsodoxanais, € epexmue-
1010. Bionosiono, us mexnonozis modice 6ymu yixagoio i Os tHIUX HACCACHUX NYHKMIE, NPU 6IOCYMHOCME SHAUNUX
KOWmie na MoOoepHisauyiio 001a0HaAHHs MA 8 YMOBAX 3MiH KIIMAMY, U0 CYNPOBOONCYEMLC WOPTUHUM NIOGUULCHIHAM
memnepamypu ma 3pPOCMAnHAM KiAbKOCMi MIKpOOpeanismis y 600nux djcepeiax.

Kmouosi cnosa: mikpobionoziune 3abpyonenns, numna oda, 6000ni020mosKka, enioemioioziunutl NOKA3HUK,
MOHIMOPUHZ SAKOCML 600U, CE30HMT 3MIHU.
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1. Introduction

Providing the population with fresh water is one of the
most important socio-environmental tasks both in Ukraine
and abroad. Every year there is an acute problem of de-
terioration in the quality of drinking water. Indeed, the
use of drinking water of unsatisfactory quality can lead to
the emergence of many diseases, including infectious ones.

The main sources of centralized water supply are sur-
face waters, which are constantly exposed to significant
anthropogenic pollution. They are also affected by climatic
conditions, which can both reduce the anthropogenic im-
pact on water sources and increase it. In particular, with
an increase in average daily temperature, the growth of
microorganisms in water bodies, including pathogenic ones,
increases. This leads to an increase in the load on the
disinfection process during water treatment. Therefore,
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research on the quality of surface sources of centralized
water supply is relevant, which leads to a solution to the
problem of effective disinfection of water at the stages of
drinking water treatment for the population.

2. The ohject of research
and its technological audit

The object of research is the quality of sources of cen-
tralized water supply according to epidemiological indica-
tions and the technology of their disinfection at different
stages of water treatment using the example of the utility
company (UC) «Zhytomyrvodokanal»> (Ukraine).

To provide drinking water to the population of the
city of Zhytomyr, water is taken from the «Vidsichne»
reservoir on the Teteriv River, which is a source of cen-
tralized water supply. To control the water level in it, the
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«Denyshi» reservoir is used, which is also used to accu-
mulate water supplies for the needs of the city. For the
purpose of proper purification and preparation of drinking
water at the water utility, two stages of its disinfection
are used:

1. On the first ascent, water from the «Denyshi» reser-
voir is disinfected with chlorine and enters the «Vidsichne»
reservoir. Preliminary water treatment begins already at the
site of the first lift and consists of water intake structures:
a receiving head with fish protection equipment, water
reception lines, a coastal water reception well with nets. The
machine room delivers water to high-speed filters, where the
cleaning passes through a 50 micron mesh bag. Further, the
water is chlorinated and through the raw water pipelines
d=1200 mm and d=600 mm enters the treatment plant
of the second rise.

2. On the second rise, the water from the Vidsichne
reservoir is disinfected with sodium hypochlorite and fed
to clean water tanks, from which it is transported through
the city’s distribution water system using the third and
fourth rise to the population.

Water quality is constantly monitored at all stages of
water treatment, including treatment — «Denyshi» reservoir,
«Vidsichne» reservoir and clean water tanks. For cleaning,
reagents are used, the concentration of which depends on
the quality of water in the «Vidsichne» reservoir. However,
the quality of this water varies with the season, weather
conditions and its temperature.

The epidemiological safety of water sources at different
stages of water treatment is monitored by the following
indicators: total microbial number; total number of coli-
phages. Coliforms (class of gram-negative rods) include
E. coli, Citrobacter, Enterobacter, Klebsiella, Enterobacter-
cloasae, Citrobacterfreundii. The level of water pollution by
pathogenic microorganisms is determined by the presence
of E. coli in it. Coliforms usually do not cause serious
diseases, but they are used as sanitary-indicative (marker)
microorganisms, a large number of which indicates the
presence of more pathogenic bacteria and viruses [1, 2].

The total microbial number is an indicator of the total
bacteriological pollution of water, the sharp increase of
which characterizes the occurrence of a source of pol-
lution, including factors of secondary reproduction of
microflora [3].

Thus, the study of the bacteriological state of wa-
ter bodies that are sources of centralized water supply
is currently one of the most important tasks of modern
hydroecological research, especially given the significant
impact of human activities on surface waters.

3. The aim and ohjectives of research

The aim of research is assessing the quality of water
from sources of centralized water supply according to mi-
crobiological indicators.

To achieve the aim, the following objectives are set:

1. To analyze the technology of disinfecting water from
sources of centralized water supply at various stages of
preparation for example «Zhytomyrvodokanal> UC.

2. To conduct research on the quality of water from
sources of centralized water supply according to micro-
biological indicators and investigate seasonal changes.

3. To assess water quality by epidemiological indicator
at different times of the year.

4. Research of existing solutions
of the prohlem

Drinking water pollution is a dominant environmen-
tal problem in most countries of the world. One of the
key aspects of its solution is the introduction of water
purification systems from pathogenic microorganisms. Wa-
ter disinfection technologies in the course of its water
treatment involve the use of physical and chemical dis-
infection methods. For example, in the recommendations
on the organization of the water purification process de-
veloped by the Environmental Protection Agency, it is
noted that it is advisable to use disinfection methods
using ultraviolet radiation and chemicals (chlorination
and ozonation). Moreover, in the recommendations it is
noted that each of the above methods has both positive
aspects, provides a sufficient degree of its effectiveness,
as well as disadvantages, do not allow to choose one of
them as universal [4].

It is proved that the physical method of water disin-
fection with ultraviolet (UV) is an environmentally safe
and quite effective method of killing bacteria, viruses and
protozoa [5, 6]. Ozonation is also used, which is considered
quite effective in the destruction of viruses and bacteria.
In addition, ozone quickly turns into oxygen and does not
harm living organisms and people. However, this method
is not economic and requires significant costs for energy
resources [4].

The most widespread method of water purification is the
use of chlorine (chlorine dioxin, sodium hypochlorite, chlo-
ramine) as a chemical disinfectant. Residues of free chlorine,
namely hypochlorous acid, hypochlorite ion, and elemental
chlorine, are most often used to disinfect water [7, 8].
However, this method is quite dangerous for living or-
ganisms and potentially dangerous for the person itself,
so it is necessary to carefully monitor the concentration
of disinfectants, add to water. Another disinfectant that
can be added to water is sodium hypochlorite. The use
of solutions of such substances is effective for combating
viruses, bacteria and fungi in water [9, 10].

So, high microbiological contamination of water requires
effective disinfection, for this they use various chemicals,
in particular those based on chlorine. And such technolo-
gies are quite justified because they are able to provide
water purification from pathogenic microorganisms that
can cause numerous diseases of people [11]. On the other
hand, these technologies affect the organoleptic qualities
of drinking water, cause a negative reaction in the popu-
lation [12], so it is worthwhile to focus on the study of
alternative technologies for water disinfection.

Since the water channels use the chlorination method at
certain stages of water treatment to neutralize pathogenic
microorganisms in water, an important question arises of
studying the effectiveness of its use, especially in the face
of climate change and seasonal increase in the degree of
microbiological pollution.

5. Methods of research

The study of microbiological and chemical indicators of
the selected objects was carried out in accordance with the
methods approved by the Ministry of Health and current
DSTU. According to standard methods, water samples
were taken from sources of centralized water supply.
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The determination of microbiological indicators in
water was carried out in accordance with the guidelines
«Sanitary and microbiological quality control of drinking
water», approved by order of the Ministry of Health of
Ukraine No. 60 of February 3, 2005.

The determination of the total microbial number was
carried out by the method of deep seeding of water in
nutrient agar. The calculation of the colony is carried out
at 2—5-fold increased, grown at a temperature of 36 °C
for 24 hours.

The determination of coliform bacteria is carried out
by membrane filtration. The essence of this method is to
filter 1 liter of water through special filters and incubate
them in Endo medium at a temperature of 36 °C. Sub-
sequently, grown colonies are calculated and identified.

To conduct a comprehensive assessment of water quality,
the epidemiological (microbial contamination) criterion was
used. Since some indicators can relate to several groups
of harmfulness, in a comprehensive assessment, the cal-
culation was carried out for each limiting sign separately
according to the formula:

36,1

W=1+L—: 3,
n

where W — comprehensive assessment of the de-

a month, which corresponds to the unsatisfactory ecological
state of the reservoir. A significant growth of microorga-
nisms is observed during the summer months — in the
range from 13.7 to 28.1 times the excess of the standard
value. First of all, this is due to an increase in water
temperature and lack of precipitation this year. The most
critical months are June and September.

The average values of seasonal changes in water quality
according to microbiological indicators are given in Table 1.

It is found that during disinfection of water from
the «Denyshi» reservoir, the number of microorganisms
is significantly reduced, and in some cases even lower
than the standard value. However, the number of total
coliphages in the water from the «Vidsichne» reservoir
in the summer and autumn is quite high and exceeds the
standard value by more than 7 times.

Disinfection of water from the Vidsichne reservoir is
carried out using sodium hypochlorite, it is quite effective,
since in two tanks of clean water there are no bacteria of
the Escherichia coli group during the entire study period.
Thus, the research results prove the need for disinfection
of water in two stages.

A comprehensive assessment of the degree of water
pollution by microbiological indicators related to the epi-
demiological criterion is carried out (Table 2).

gree of water pollution by a certain limiting sign  CFU/dm3
of harmfulness; » — the number of indicators used 544 _
in the calculation; N; — the value of the norm of 450 |
a separate indicator (mainly N;=MPC;); 8; ratio of i
the excess of the actual concentration of the i-th 409 —o—«Denyshi»
ingredient in water (¢;) to the value of the standard 330 -
for an individual indicator. 300 - ——«Vidsichne»
If §,<1, that is, the concentration is less than 250 -
the standard, then §,=1. 200 |
The pollution level according to the epidemiologi- 5, |
cal criterion was determined in accordance with the
tabulated ranges of the values of the integrated esti- 100 4
mates W [13]: the permissible level is 1; moderate — 30 1
1.0-10.0; high — 10.0-100.0: very high — >100.0. 0 - * ' * ' * ' * * * *
S HFSTFTPE S FI TS
6. Research results L - v %e.'ﬁ@ X ‘@6 &

The analysis of water from sources of centralized
water supply at different stages of water treatment
according to microbiological indicators during 2019

Fig. 1. The value of the total microbial number in water sources
of centralized water supply

was carried out: total microbial number (TMN) and CrU/dm?

total number of coliphages. The water intake for the 3000 -

study was carried out from the «Denyshi», «Vidsi-

chne» reservoirs and two clean water tanks (CWT-1, 2500 7 —e— «Denyshi»
CWT-2). The results of a study of seasonal changes in 2000 | —o— «Vidsichney

water quality from reservoirs are shown in Fig. 1, 2.
A significant increase in TMN in water from

— Normative

. . . 1500 -
the «Denyshi» reservoir was observed in June
(463 CFU/cm?®) and in September (206 CFU/cm?), 400 -
which is associated with secondary water pollu-
tion and weather conditions. A slight increase in  59¢ |
September was detected in the Vidsichne reservoir,
although during the entire period it did not exceed 0 ‘ :
the normative value. ST O SR TG S - S S
Unlike the total microbial number, the bacteria \@"@@&“& @‘1’@ ‘?&O RN Yg@\ @’3‘0 0&-60 Qéso U@&Q
of the Escherichia coli group in the water from the < o <& QF

«Denyshi» reservoir significantly exceed the standard
values from May (2.5 times) to October (2.9 times)

Fig. 2. The importance of total coliforms in water sources
of centralized water supply
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Tahle 1

Monitoring seasonal changes in water quality from sources of centralized
water supply according to microbiological indicators

Seasons
No. Object
winter | spring | summer | autumn
Total microbial number

1 | Denyshi reservoir 72 92 216 129
2 | Vidsichne reservoir 8 21 31 58

3 |CWT-1/CWT-2 5/5 3/3 4/3 5/3

Total coliphages

4 | Denyshi reservoir 221 150 1861 1032
5 | Vidsichne reservoir 201 90 1477 751

6 |CWT-1/CWT-2 0/0 0/0 0/0 0/0

Table 2

The degree of water pollution from sources of centralized water supply
according to epidemiological criteria

Seasons
No. Object
winter | spring | summer | autumn
1 | Denyshi reservoir 1.5 1.2 10.4 5.8
2 | Vidsichne reservoir 1.1 <1 7.5 4.1
3 |CWT-1 <1 <1 <1 <1
4 |CWT-2 <1 <1 <1 <1

In winter and spring, the water from the «Denyshi»
reservoir has a moderate degree of pollution and amounts
to 1.5 units and 1.2 units, respectively. In the summer, this
indicator significantly increases to 10.4 units. Therefore,
water has a high degree of pollution, making it impos-
sible to use it for drinking water supply. It is in the
summer that the issue of water disinfection at the stages
of water treatment is particularly acute, since there is an
intensive growth of microorganisms, including pathogenic
ones. Water also has a moderate degree of pollution in the
autumn period (5.8 units), however, it is almost 5 times
higher than in spring.

The water from the «Vidsichne» reservoir has a mode-
rate degree of pollution during the year and ranges from
1.1 units up to 7.5 units, which is a danger to the popu-
lation and requires special water treatment measures. An
exception is the spring period, since water has an accept-
able level of pollution.

It is established that the water from the clean water
tanks during the entire period of the study has an ac-
ceptable degree of pollution, and, therefore, is suitable
for drinking water use by the local population. Thus, the
technology for disinfecting the water used on the water
utility is effective.

7. SWOT analysis of research results

Strengths. The technology of water disinfection used
at «Zhytomyrvodokanal» UC is effective. Considering the
available equipment, the condition of open water sources
and the volumes of water to be treated, the two-stage
system provides the best result at the optimal cost. Ac-
cordingly, this technology may be interesting for other

settlements, in the absence of significant funds for the
modernization of equipment and in the face of climate
change, accompanied by an annual increase in tempera-
ture and an increase in the number of microorganisms
in water sources.

Weaknesses. As a reagent, providing disinfection of water
from pathogenic microorganisms, chemical reagents based
on chlorine are used. However, such substances affect the
organoleptic indicators of water quality and are potentially
dangerous for living organisms and people. In addition,
the condition of the water supply network in the city is
unsatisfactory. This creates the likelihood of secondary
microbiological contamination of water.

Opportunities. Prior to the introduction of ultravio-
let (UV) water disinfection technology, the «Zhytomyr-
vodokanal> UC is considered as an additional degree of
water purification. The technology is considered effective
for disinfection and environmentally friendly. However,
such a technology is complicated from the point of view
of its implementation and is not economical enough.

Threats. Climatic changes affect the increase in average
daily temperature, a decrease in precipitation, which can
lead to an increase in the degree of microbial contamina-
tion. In this case, it will be necessary to use high doses
of chlorine-based chemicals for disinfection, which will
also affect the quality of drinking water. The use of other
disinfection methods will require additional financial costs
for their implementation.

1. The existing technology for disinfecting water from
sources of centralized water supply, which is carried out
in two stages using soluble chlorine and sodium hypochlo-
rite, is analyzed. Its effectiveness in neutralizing a high
amount of E. coli bacteria is proven.

2. It is proved that the concentration of microorgan-
isms in the water sources of centralized water supply sig-
nificantly depends on weather conditions. Most of all,
microbial pollution is observed from May to October in
the reservoirs, in particular during the summer months
there is an excess of the standard value of coliforms by
more than 20 times.

3. It is established that the water in the «Denyshi»
and «Vidsychne» reservoirs, according to epidemiological
criteria, should have a moderate level of pollution and
range from 1.1 units up to 7.5 units, while in clean water
tanks it has an acceptable level of pollution throughout
the entire period of the study.
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