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ASSESSMENT OF ECOLOGICAL INTEGRAL INDEX
OF RURAL SETTLEMENTS DEVELOPMENT
IN THE RADIOACTIVELY CONTAMINATED TERRITORY
BASED ON DRINKING WATER QUALITY INDICATORS

Valerko R. A., Herasymchuk L. O.

INTRODUCTION

Rural residential area is a complex and multifunctional system which is
currently in crisis. Environmental problems of rural settlements are caused
by the fact that agriculture has been intensive for a long time, which results
in pollution of soil, food and drinking water by various chemical pollutants.
In addition, the Chornobyl accident has made a significant contribution to
the environmental situation in Ukrainian villages. The demographic situation
is also catastrophic. According to the General Directorate of Statistics, in
rural areas, the number of population and birth rate are decreasing compared
to cities, while the mortality rate is rising.

Water is an integral part of a safe and healthy life. It is known that the
health status of the population and its morbidity depend on water quality.
Mostly, rural settlements do not have centralized water supply, and therefore
their population consumes water from sources of non-centralized water
supply: wells, bores, underground sources, etc. Monitoring study of such
sources indicates that the drinking water is not in compliance with
organoleptic, sanitary, chemical and bacteriological quality indicators.
Above-limit values of such indicators as nitrates, nitrites, total iron,
sulphates, chlorides, etc. are particularly common.

Currently, private farms are located in rural settlements or are adjacent to
them; they often do not meet the requirements for the application of
fertilizers and plant protection products, which leads to contamination of
soil, vegetables and groundwater by toxic substances, in particular nitrates®.
Furthermore, the owners and users of private plots do not know or neglect
the rules of farm management, including the maintenance and location of
wells and bores?.

! Ecological assessment of vegetable products grown in the city of Zhytomyr and its
residential suburb / R. Valerko et al. Ukrainian Journal of Ecology. 2018. Ne 8 (1).
P. 927-938. DOI: 10.15421/2018_295.

MManana H., Tamip b. OcobmuBocTi hopMyBaHHS €KOJOTTYHOIO CTaHy Ha CLIBCHKUX
CeNITEOHUX TEPUTOPISX 30HH IMOCHIICHOTO Pa/iioeKOJIOriYHOTO0 KOHTPOM. Taepiticbkuil
nayxosui gicnuk. Ne 91. C. 175-180.
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Therefore, monitoring study of drinking water quality from the sources
of non-centralized water supply in rural settlements is necessary to ensure
the decent and safe life of the population.

A large number of domestic and foreign researchers are engaged in the
environmental assessment of drinking water from the sources of non-
centralized water supply in rural settlements®*>%"® Some of them studied
this problem in the Zhytomyr region®'°. Most studies carried out in the
radioactively contaminated area in the region are mainly concentrated on the
assessment of the quality of life’ and health of the population®?, including
the oncological and epidemiological situation'®. However, there are not
enough studies that highlight the issue of environmental assessment of

¥ Kpapuenko M. DisuKo-XiMiYHHHA aHATI3 TPUPOIHOI IHTHOI BOIM PI3HHX JDKEpEI
BojionocTavyanHs. Exonociuna 6esnexa ma npupoooxopucmyearns. 2015. Ne 3 (19). C. 52-60.

I'noBun H., I1aBniB O. JlociimKeHHS SKOCTI BOXHUX PECYPCiB JCLEHTPAIi30BaHOTO
BOJIONIOCTAYaHHS CITBCHKHUX MICIIEBOCTEH y Mexax bepexaHchkoro paitony. Haykoeuil
gicHux JIb8i6CbKO20 HAYIOHALHO20 YHIGEPCUMENTY GeMUEePUHAPHOI MeOuyuHu ma
biomexnonoeiii imeni C.3. Idcuyvkoco. 2018. T. 20. Ne 84. C. 109-113. DOI:
10.15421/nvivet8420.

> Schullehner Jérg, Hansen Birgitte. Nitrate exposure from drinking water in Denmark
over the last 35 years. Environmental Research Letters. 2014. Ne 9. 095001. DOI:
10.1088/1748-9326/9/9/095001.

® Njeze G., Dilibe U., llo C. Nitrate and drinking water from private wells: Will there
be an epidemic of cancers of the digestive tract, urinary bladder and thyroid? Nigerian
Journal of Clinical Practice. 2014. Ne 2. P. 178-182. DOI: 10.4103/1119-3077.127543.

" Perceptions of drinking water quality from private wells in Alberta: A qualitative
study / Abraham Munene et al. Canadian Water Resources Journal. 2019. Vol. 44. 3.
P. 291-306. DOI: 10.1080/07011784.2019.1601599.

® Total coli form and Escherichia coli contamination in rural well water: analysis for
passive surveillance / Jesse Invik et al. Journal of Water and Health. 2017. Ne 15 (5).
P. 729-740. DOI: 10.2166/wh.2017.185.

Banepko P., I'epacumuyk JI. OOrpyHTYBaHHS 3aXOiB WIOAO IiJBHIICHHS SKOCTI
HUTHOT BOAU JKEpEI HeLICHTpaJ'[iSOBaHOFO BOOOIIOCTaA4YaHHA CUILCBKMX HaCEJIEHUX
MYHKTiB B ymoBax JKuromupcwkoi obnacti. 36ipnux naykosux npayv I1o00inbcokozo
depoicasHo2o azpapro-mexuiuno2o ynigepcumemy. 2014, Cnen. Bur. : CydacHi npoodieMu
30aJIaHCOBAHOTO NpUpOOKopycTyBanHs. C. 209-212.

I'epacumuyk JI. Pons HiTpaTHOTO 3a0pyAHEHHSI OBOYEBOT MPOAYKIIii Ta TUTHOI BOAM
y (opMyBaHHI HEKAaHIEPOTCHHOTO PH3WKYy Uil HaceieHHs c. Jlyka JKuromupcekoro
paitony. Bicuuk JKumomupcobrozo HayionanbHo2o azpoexonociunozo yHisepcumenty. 2015.
T. 1, No 2 (50). C. 55-63.

! Quality of life of the population resident at the radioactively contaminated area in
Zhytomyr Region / L. Romanchuk et al. Ukrainian Journal of Ecology. 2019. Ne 9 (4).
P. 476-483.

2 The reproductive health of the female residents in the areas of Ukraine affected bv
the radioactive contamination (2007-2017) / Y. Antypkin et al. Problems of radiation
medicine and radiobiology. 2019. Dec 24. P. 284-295. DOI: 10.33145/2304-8336-2019-
24-284-295.

% Demographic and onco-epidemiological situation in radioactive contaminated
territory of Zhytomyr Oblast / L. Herasymchuk et al. Regulatory Mechanisms in
Biosystems. 2019. Ne 10 (1). P. 32-38. DOI: 10.15421/021905.
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drinking water quality from the sources of non-centralized water supply in
the radioactively contaminated territory of Zhytomyr region®.

Many studies were focused on assessing excess levels of water quality
indicators*>*®, on assessing carcinogenic and non-carcinogenic risks to human
health when consuming water that does not meet the standards'’"®, and also
common negative effects on human health were established¥2% 2223,

In our opinion, it is relevant to assess the ecological integral index of
rural settlements development on the basis of quality indicators of drinking
water such as the content of nitrates, total iron and the pH-value, which
determined the choice of this direction of the study.

The purpose of this study is to determine the quality indicators of
drinking water from the sources of non-centralized water supply in rural
settlements located in the radioactively contaminated territory of Zhytomyr
region, and on this basis, to assess the ecological integral index of rural
settlements development.

The investigation of the drinking water quality from the sources of non-
centralized water supply in rural settlements was carried out in radioactively
contaminated areas of Zhytomyr region during 2019. Drinking water
samples were collected from wells and bores in the following settlements:

— Kaorosten raion: village Berestovets, village Bekhy, village Voroneve;

1 Korkosa T., ®enrouka M., Ilitine A. ExonoridHuii MOHITOPHUHT SKOCTI MHUTHOI
BOJM BOJOTOHIB 1 Konois3iB Jlyruncekoro paiiony JXKuromupcbkoi o6sacTi Ha BMICT
a30Ty aMoHiiiHoro Ta HiTpartiB. Haykosuii eicnux HayioHaibHo20 NICOMEXHIYHO20
yHiseg)cumemy Vrpainu. 2017. T. 27. Ne 10. C. 81-85. DOI: 10.15421/40271014.

5 Memko-exonoriuna rpo0sIeMa CyMapHOTO Ha/IXOKEHHsI HITpaTiB B OpraHi3M JIOANHI
3 MIUTHOIO BOJIOKO Ta XapPYOBUMH MPOYKTaMHU Ta nuUtsixu 1i Bupiterns / FO. Bormapenko ta i,
AKm{%a]leble sonpocwl mparcnopmuou meouyunsl. 2011. Ne 1 (23). C. 82-86.

Umx B. BopHo-HiTpaTHa MeTreMOrjo0iHeMis: HAMpsSMH BHUPIHICHHS MPOOIEMHU.
CEC._Ilpoghinakmuuna meouyuna. 2013. Ne 1. C. 54-56.

Ab6mynmyramumoBa T., PeBnu Bb. OreHka KaHIEPOTEHHOTO PHUCKa 3IO0POBBIO
HaceJieHus, OOYCIIOBICHHOTO BBICOKHM  COJEp)KaHMEM MBIIIbIKA B  IUTHEBOU
apre3uanckoit Boge Ceseproro Jlarecrana. [ueuena u canumapus. 2017. Ne 96 (8).
C. 7?3—746. DOI: 10.1882/0016-9900-2017-96-8-743-746.

® Nitrate in drinking water and colorectal cancer risk: A nation wide population —
based cohort study / Jorg Schullehner et al. International Journal of Cancer. 2018.
Vol. 143. 1. P. 73-79. DOI: 10.1002/ijc.31306.

19 Eroposa H., Kanataukosa H. BimsiHue jkenesa B MUTHEBOM Bozie Ha 3a00J1eBacMOCTb
Hacenenust T. Opma. [ueuena u canumapus. 2017. Ne 96 (11). C. 1049-1053. DOI:
10.1882/0016-9900-2017-96-11-1049-1053.

Ipoxonor B., Jlunoserpka O., AHTOMOHOB M. BIymB MiHepajbHOrO CKIIay MUTHOL
BOJIH Ha XBOPOOH CHCTEMH KpoBooOiry. Jlogxinis ma 300pos’s. 2016. Ne 1. C. 54-58.

2L Lj Peiyue,Wu Jianhua. Drinking Water Quality and Public Health. Exposure and
Heagh. 2019. 11. P. 73-79. DOI: 10.1007/s12403-019-00299-8.

A Review of Adverse Effects and Benefits of Nitrate and Nitrite in Drinking Water
and Food on Human Health / M. Parvizishad et al. Health Scope. 2017. Ne 6 (3) : e14164.
DOl ; 10.5812/jhealthscope.14164.

® Drinkina Water Nitrate and Human Health: An Undated Review / M. Ward et al.
International Journal of Environmental Research and Public Health. 2018. Ne 15 (7) :
1557. DOI: 10.3390/ijerph15071557.
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— Luhyny raion: small town Luhyny, village Stari Novaky, village
Chervona Voloka;

— Narodychi raion: village Bazar, village Huto-Mariatyn, village
Davydky, small town Narodychi, village Selets, village Khrystynivka;

— Olevskraion: village Bilokorovychi, village Zubkovychi.

Analytical study of drinking water for nitrate, total iron content and pH-
value was carried out according to conventional methods in the Measuring
Laboratory of the Scientific and Educational Center for Ecology and
Environmental Protection of Zhytomyr National Agroecologlcal University.

The methodology described in the work of I. Pustovit* was used to
calculate the integral ecological index of rural settlements development on
the basis of drinking water quality indicators.

1. Brief description of radioactively contaminated areas
of Zhytomyr region

Zhytomyr region is one of the most radioactively contaminated regions.
About 350,000 people live in the region with the status of victims of the
Chornobyl accident. The areas of its northern part are especially
contaminated. About 674 settlements, which belong to different zones of
radioactive contamination, are located in radioactively contaminated
territories® (Table 1).

Korosten raion is an administrative division in Zhytomyr region with the
center town Korosten. The population is 27,190 (as of March 29, 2016). The
area of the raion is 1,735 km?. It was created in 1923. Korosten raion is
located in the northern part of Zhytomyr region. In the west, it borders on
Yemilchyno, Luhyny raions, in the south on Khoroshiv raion, in the north on
Ovruch and Narodychi raions, in the east on Malyn raion. There are 108
settlements in the area. The main rivers are the Uzh and the Irsha (Dnieper
basin)?.

# Tlycrosit 1. MeTouka BH3HAYEHHS EKOJNOTiYHO-COMIANBHOI OLIHKH TEDHTODIi
CLIBCHKUX HACEIEHUX IMVHKTIB YKpaiHu. Havkosi 0onoeioi Hayionanvhozo ynisepcumemy
biopecypcie i npupoooxopucmyeannss  Yxpainu. 2013, Ne 1 (37). URL:
http [Iwww.nbuv.gov.ua/e-journals/Nd/2013_1/13pim.pdf.

Kosanbosa C., lmbHiubka O., Pyban I CyuacHuil papionoriusmii cran
CLIBCBKOTOCIIOIAPCHKUX YTi/Ib }KHTOMHpCLKoro HNomnices. Tlodinbewbkuil iCHUK: CilbCbKe
eocnodapcmeo, mexuixka, exowomixa. 2017. Bumn. 26. CinbChKOrocrnofapchki HayKH.
C. 72-79.

® Kuromupcpka o6nacHa yHiBepcanbHa HaykoBa GiGmioreka iM. Omera Obkuua.
URL.: http://www.lib.zt.ua.
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Table 1
List of settlements in the Zhytomyr region referred to radioactive
contamination zones following the Chornoby! disaster

Zone of Zone of Zone of enhanced
. unconditional guaranteed . .
Exclusion zone - radioecological
(obligatory) voluntary
control
resettlement resettlement
Narodychi raion
4 | 36 [ 36 | 8
Ovruch raion
3 | 10 | 107 | 30
Korosten raion
— | 1 | 26 | 86
Luhyny raion
- | 4 | 35 | 11
Malyn raion
- | 1 | - | 103
Emilchyn raion
- | - | 44 | 75
Olevsk raion
- | 2 | 45 | 14

Accordlng to the Decree of the Cabinet of Ministers of the Ukrainian
SSR?, 113 rural settlements in Korosten raion are included in the
radloactively contaminated zones, one of them belongs to the zone of
unconditional (obligatory) resettlement (village Obykhody) (Fig. 1).

0 20 40 60 80 100 120

B Exclusion zone
B Zone of unconditional (obligatory) resettlement
Zone of guaranteed voluntary resettlement

B Zone of enhanced radioecological control

Fig. 1. Number of settlements in Korosten raion that are included
in the radioactively contaminated zones, units

z Ilpo opramisauiio BukoHaHHs moctaHoB Bepxosuoi Paan Vkpaincbkoi PCP mpo
HOpPAJOK BBENEHHA B Ail0 3aKkoHiB Ykpaincekoi PCP «Ilpo mpaBoBuii pexum Tepuropii,
IO 3a3HaJa PalioaKTHBHOIO 3a0pYIHEHHS BHACIIZOK YOPHOOMIBCHKOI KaTacTpoduy Ta
«[lpo _craryc i couianbHMH 3aXMCT TPOMAJISH, SKi TMOCTPAKAAIM  BHACIIIOK
YOpHOOMIIbCHKOT KaTacTpodu» : nocranoBa Kabinery MinictpiB Ykpaincbkoi PCP Bin
23 s 1991 p. Ne 106 RL.: https://zakon.rada.gov.ua/laws/show/106.
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Luhyny raion is an administrative division in the northern part of
Zhytomyr region located in the Polissia lowland with the center in small
town Luhyny. The population is 16,561 (as of February 1, 2016). The area of
the raion is 944 km?. It was created in 1923. In the north-west, it borders on
Ovruch raion, in the south and south-east on Korosten raion, in the south-
west on Yemilchyno raion and in the west and north-west on Olevsk raion.

50 rural settlements in Luhyny raion are included in the radioactively
contaminated zones as a result of the Chornobyl accident; four of them
belong to the zone of unconditional (obligatory) resettlement (Fig. 2).

"#
e ——

1

0 10 20 30 40 50

M Exclusion zone
m Zone of unconditional (obligatory) resettlement

Zone of guaranteed voluntary resettlement

W Zone of enhanced radioecological control

Fig. 2. Number of settlements in Luhyny raion that are included
in the radioactively contaminated zones, units

Narodychi raion is located in the northeast of the region within the
Polissia lowland. One river with four tributaries flows through the raion. The
western part of the raion is within the Zhytomyr Polissia, while the eastern
part is within the Kyiv Polissia. In the north, the raion borders on the
Narovliany raion of the Gomel region of the Republic of Belarus. The
population is 9,393 people (as of February 1, 2016).

The environmental situation in the raion is determined by the serious
consequences of the Chornobyl accident. All four radioactive contamination
zones are here. In total, 84 settlements are included in such zones, of which
4 belong to the exclusion zone, namely village Dovhyi Lis, village Motyli,
village Nove Sharne, village Omelnyky (Fig. 3).
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Fig. 3. Number of settlements in Narodychi raion that are included
in the radioactively contaminated zones, units

Olevsk raion as an administrative division was created in 1923. The area
of the raion is 224.7 thousand hectares or 7,1% of the territory of the region.

The length of the raion from west to east is about 50 km, from north to
south 80 km. The whole territory of the Olevskraion is located within the
Polissia lowland and only the northeastern part on the spurs of the
Slovechansk-Ovruch Ridge. In the north, it borders on the Lelchytsya raion
of the Republic of Belarus, in the west on the Rokytne raion of Rivne region,
in the east and south on Luhyny, Yemilchyno, Novograd-Volynskyi raions
of Zhytomyr region. 61 settlements of Olevsk raion are included in the
radioactively contaminated zones (Fig. 4).
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B Exclusion zone
m Zone of unconditional (obligatory) resettlement
Zone of guaranteed voluntary resettlement

W Zone of enhanced radioecological control

Fig. 4. Number of settlements in Olevsk raion that are included
in the radioactively contaminated zones, units
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2. Calculation of environmental integral index based
on water quality indicators
One of the main indicators of drinking water quality is the pH-value, a
hydrogen index that indicates the presence of hydrogen ions in water. In
Ukraine, this indicator is normalized by DSanPIN (State Sanitary
Regulations and Standards) 2.2.4-171-10 “Hygienic Requirements for the
Quality of Water Intended for Human Consumption”, which defines its
safety standards that range from 6,5 to 8,5. The investigation of drinking
water samples from sources of non-centralized water supply in rural
settlements of the Korosten raion showed that on average, the pH-value and
the total iron indicators meet the standards (Table 2).

Table 2
Total iron content and pH-value in drinking water from the sources
of non-centralized water supply in rural settlements of Korosten raion

pH-value Total iron content, mg/dm®
% of samples
Settlement Mean that do not Mean value, 0/332?[?“%;5 ttr?:t
value meet the mg/dm?® dard

standards standards
village Berestovets 6,86 0 0,1580 0
village Bekhy 6,75 0 0,2966 0
village Voroneve 6,59 30 0,1252 0

Nitrates are salts of nitric acid. Their content in drinking water from the
sources of non-centralized water supply depends primarily on the state of the
source. All the wells under investigation were built more than 30 years ago,
and therefore many of them do not meet the technical requirements, thus
land runoff (rain and melt water) seeps into the well. Household sewage on
the farmland is most often contaminated with livestock waste, which
increases the level of nitrogen compounds in water. In addition, the
increased nitrate content in drinking water can also be caused by the use of
organic, mineral fertilizers and plant protection agents, as well as failure to
adhere to the rules for the location of toilets and places for keeping livestock.

Excess nitrate concentration was detected in all settlements of Korosten
raion. The worst situation is recorded for the village Bekhy, where the
average content of nitrates exceeds the allowable by almost 2 times (Fig. 5).

Consumption of such water can be hazardous to human health, since
increased nitrate levels can cause poisoning, as well as diseases such as
methemoglobinemia, which is the inability of hemoglobin to carry oxygen
through the blood. Nitrate compounds are particularly dangerous for young
children and infants.
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Fig. 5. Average nitrate content in drinking water from the sources of non-
centralized water supply in rural settlements of Korosten raion, mg/dm’

It was found out that in the samples of drinking water taken in the village
Chervona Voloka of Luhyny raion, the average content of hydrogen index is
6,24. The pH-value is lower than 6,5, which indicates an increase in the
acidity of such water, which significantly deteriorates its quality and makes
it dangerous for human health (Table 3). The total iron content varied within
normal limits.

Table 3
Total iron content and pH-value in drinking water from the sources
of non-centralized water supply in rural settlements of Luhyny raion

H-value Total iron content, mg/dm®
% of samples % of samples
Settlement '\\//532 that do not meet Mﬁ";“‘,&’ﬁ:;’ & that do not meet

the standards Y the standards
small town Luhyny 6,85 0 0,2547 0
village Stari Novaky 6,78 0 0,1578 0

village Chervona

Voloka 6,24 50 0,178 0

It was recorded that the average nitrate content was higher in almost all
investigated settlements of Luhyny raion; it exceeded the norm by 1,4-3
times. The worst situation was observed in small town Luhyny, where the
average nitrate content is 150 mg/dm®, which exceeds the norm by 3 times

(Fig. 6).
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Fig. 6. Average nitrate content in drinking water from the sources of non-
centralized water supply in rural settlements of Luhyny raion, mg/dm3

Investigation of drinking water for the pH-value showed that the decrease in
the hydrogen index to 6,27 was recorded in the village Bezar of Narodychi raion.
However, on average, its values do not exceed the normative ones.

According to the standard, the content of total iron in drinking water from the
sources of non-centralized water supply should not exceed 1,0 mg/dm In 25%
of the water samples taken in the small town Narodychi and in 50% of the
samples from the village Selets this indicator exceeded the norm (Table 4).

Despite the fact that iron is an important microelement involved in the
process of hematopoiesis, there are side effects of the continued use of its
increased amounts. The first consequences of regular use of water with high iron
content are disorders of the gastrointestinal tract: flatulence, bloating, nausea.
Also, allergic reactions and, rarely, hemochromatosis can develop, resulting in
systemic damage to the liver, cardiovascular and endocrine systems.

In addition, the use of water with high amount of iron negatively affects the
state of home appliances, clothing, and may deteriorate the taste of food.

Table 4
Total iron content and pH-value in drinking water from the sources
of non-centralized water supply in rural settlements of Narodychi raion

pH-value Total iron content, mg/dm®
% of samples that % of samples
Settlement vMaelﬁg do not meet the Mﬁf“,&’ﬂye' that do not meet
standards Y the standards
village Bazar 73 20 0,1976 0
village Huto-
Mariatyn 7,28 0 0,2154 0
village Davydky 6,95 0 0,1258 0
small town
Narodychi 6,85 0 0,39035 25
village Selets 7,08 0 0,5635 50
village Khrystynivka 6,89 0 0,1382 0
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All settlements of Narodychi raion were characterized by excess nitrate
content, except village Selets, where its average content is 32,5 mg/dm? (Fig. 7).

village Khrystynivka

village Selets

small town Narodychi

village Davydky

village Huto-Mariatyn

village Bazar 124,7

mMAC, mg/dm3  m Nitrate content, mg/dm3

Fig. 7. Average nitrate content in drinking water from the sources of non-
centralized water supply in rural settlements of Narodychi raion, mg/dm’

As a result of analytical study of drinking water from wells and bores in
rural residential areas of Olevsk raion, it was found out that in none of the
cases the total iron content and the pH-value exceeded the norm (Table 5).
Unfortunately, this cannot be stated about the nitrate content, which exceeds
the average in settlements by 1,34-1,72 times (Fig. 8).

Table 5
Total iron content and pH-valuein drinking water from the sources
of non-centralized water supply in rural settlements of Olevsk raion

H-value Total iron content, mg/dm®
% of samples
Settlement Mean that do not Mean value, chot %fosﬁ(r::%e:et
value meet the mg/dm® the standards
standards
village Bilokorovychi 6,72 0 0,4658 0
village Zubkovychi 6,42 0 0,0141 0
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Fig. 8. Average nitrate content in drinking water from the sources of non-
centralized water supply in rural settlements of Olevsk raion, mg/dm’

The investigation of drinking water from sources of non-centralized
water supply in rural residential areas of radioactively contaminated
territories of Zhytomyr region make it possible to state that the highest
contribution to the risk to the health of the rural population is the increased
content of nitrates, the excess of which is recorded in almost all points.

In order to reduce the risk of contamination of drinking water from wells
with nitrates, it is necessary to observe the requirements for their content,
namely:

— keep the area around the well clean, prevent melt and rain water from
entering the water;

— adhere to the minimum necessary sanitary breaks between the
household buildings and the well;

— carry out a laboratory water analysis twice a year;

— clean the well once a year;

— if possible, use disinfectants for water purification.

In order to assess the environmental integral index of rural settlements
development by the quality indicators of drinking water, a 5 point scale was
used: 1 — very bad, 2 - unsatisfactory, 3 — satisfactory, 4 — good,
5 — excellent. The normative values which were used to assess the index are
given in Table 6.

It was found out that the majority of rural settlements (9 settlements) are
in a satisfactory condition according to the integral index of drinking water
quality, while 5 village settlements are in a good condition (Table 7).
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Table 6

Reference table for determining the integral index based

on quality indicators of drinking water from the sources

of non-centralized water supply

Indicator Specified value
Nitrate
content, >50,0 10,0-50,0 7,1-10,0 5,0-7,0 <5,0
mg/dm?®
pH >8,5 6,0-8,5 6,0-8,0 6,5-8,5 6,5-7,0
Total iron
content, >2.0 1,0-2,0 0,3-1,0 0,2-0,3 <0,2
mg/dm®
Points 1 .2 - 3 4 5
very bad unsatisfactory satisfactory good excellent
Table 7

Integral index of rural settlements by the quality indicators of drinking

water from the sources of non-centralized water supply

Nitrate
Total iron . content .
Settlement pH- Points content, Point , Point Ir_1tegra|
value 3 S S index
mg/dm mg/dm
3
Korosten raion
village
Berestovets 6,86 5 0,1580 5 66,06 1 3,7(4)
village Bekhy 6,75 5 0,2966 4 89,8 1 3303
vaage 6,59 5 0,1252 5 81,3 1 37(4)
oroneve
Luhyny raion
small town 6,85 5 0,2547 4 150 1 33(3)
Luhyny
village
StariNovaky 6,78 5 0,1578 5 122 1 3,7(4)
village
ChervonaVolok 6,24 3 0,178 5 71,8 1 2,97 (3)
a
Narodychi raion
village Bazar 7,3 4 0,1976 5 1247 1 3,3(3)
"",\'jlig? Huto- 7,28 4 0,2154 4 112 1 2,97 (3)
ariatyn
village Davydky 6,95 5 0,1258 5 75,3 1 3,7(4)
small town
Narodychi 6,85 5 0,39035 3 88,26 1 2,97 (3)
village Selets 7,08 4 0,5635 3 32,5 2 2,97 (3)
village
Khrystynivka 6,89 5 0,1382 5 100,05 1 3,7 (4)
Olevsk raion
village
Bilokorovychi 6,72 5 0,4658 3 67 1 2,97 (3)
village
Zubkovychi 6,42 3 0,0141 5 86 1 2,97 (3)
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CONCLUSIONS

Thus, using the results of our own study, we calculated the ecological
integral index of rural settlements development based on the quality
indicators of drinking water from private wells and bores located in rural
settlements of radioactively contaminated areas of Zhytomyr region.

The results of analytical study of drinking water from private wells
regarding the pH-value in rural settlements of Korosten, Luhyny, Narodychi
and Olevsk raions indicate that almost in all settlements the hydrogen index
was within normal limits. The only exceptions were village Chervona
Voloka of Luhyny raion and village Zubkovychi of Olevsk raion, where the
pH-value of drinking water was reduced to 6,24 and 6,42, respectively.

On average, the excessive total iron content was not observed in the
drinking water in any of the investigated rural settlements.

The average content of nitrates in drinking water from the sources of
non-centralized water supply in all rural settlements exceeded the norm by
1,34-3 times. Their highest content was recorded in small town Luhyny at
the level of 150 mg/dm®.

The lowest nitrate content in the drinking water from private wells was
recorded in the village Selets of Narodychi raion, where its average amount
is 32,5 mg/dm®.

The calculation of the ecological integral index of rural settlements
development based on the quality indicators of drinking water from the
sources of non-centralized water supply showed that 9 studied settlements
have a satisfactory level of development, and 5 of them good level of
development.

Further studies should also take into account the social and rural
development indexes of rural settlements development.

SUMMARY

To assess the value of the ecological integral index of rural settlements
development of radioactively contaminated areas in Zhytomyr region on the
basis of quality indicators of drinking water from the sources of non-
centralized water supply. The investigation was carried out in the rural
settlements of Korosten (3 settlements), Luhyny (3 settlements), Narodychi
(6 settlements) and Olevsk raions (2 settlements) in Zhytomyr region, as
they are included in the radioactively contaminated territories. In total, 14
rural settlements were investigated. The assessment of drinking water quality
from the sources of non-centralized water supply was based on the following
indicators: pH-value, nitrate content and total iron content. On its basis, the
ecological integral index was calculated. Currently, population in rural
settlements uses water from wells and bores because almost all rural areas of
Ukraine do not have centralized water supply. The reasons for the
deterioration of drinking water quality from the sources of non-centralized
water supply in rural settlements are as follows: the formation of a large
number of private agricultural enterprises that are engaged in intensive
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farming, and the capacity of which is located in or near the rural settlements,
and also the fact that the rules of farm management are neglected by the
owners of private farms. Particularly dangerous is the situation regarding the
content of nitrates in drinking water which comes to wells with melt water
and groundwater. It was found out that in all samples of drinking water of
the settlements under investigation (except village Selets of Narodychi
raion) there is an excess of the normative nitrate content. On average, the
total iron content in all settlements did not exceed the permissible level.
Drinking water acidification was recorded in village Chervona Voloka of
Luhyny raion, where the pH-value was on average 6,24. The calculation of
the ecological integral index of rural settlements development on the basis of
the quality indicators of drinking water showed that in 9 of the studied
settlements the development index is satisfactory, while in 5 settlements it is
good. Thus, it was stated that drinking water from private wells in most rural
settlements of radioactively contaminated areas of Zhytomyr region is
contaminated with nitrates, which makes it unfit for consumption by the
population. The ecological integral index of rural development based on the
quality indicators of drinking water was determined as satisfactory.
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