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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

1
. 

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

2
. 
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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

3;4;5;6;7;8
. Some of them studied 

this problem in the Zhytomyr region
9;10

. Most studies carried out in the 
radioactively contaminated area in the region are mainly concentrated on the 
assessment of the quality of life

11
 and health of the population

12
, including 

the oncological and epidemiological situation
13

. However, there are not 
enough studies that highlight the issue of environmental assessment of 
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drinking water quality from the sources of non-centralized water supply in 
the radioactively contaminated territory of Zhytomyr region

14
. 

Many studies were focused on assessing excess levels of water quality 
indicators

15,16
, on assessing carcinogenic and non-carcinogenic risks to human 

health when consuming water that does not meet the standards
17;18

, and also 
common negative effects on human health were established

19;20;21;
 
22;23

. 
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: 

 Korosten raion: village Berestovets, village Bekhy, village Voroneve; 
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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 Agroecological University. 

The methodology described in the work of I. Pustovit
24

 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

25
 (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 km². 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)

26
. 
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Table 1 

List of settlements in the Zhytomyr region referred to radioactive 

contamination zones following the Chornobyl disaster 

Exclusion zone 

Zone of 

unconditional 

(obligatory) 

resettlement 

Zone of 

guaranteed 

voluntary 

resettlement 

Zone of enhanced 

radioecological 

control 

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 

 
According to the Decree of the Cabinet of Ministers of the Ukrainian 

SSR
27

, 113 rural settlements in Korosten raion are included in the 
radioactively contaminated zones, one of them belongs to the zone of 
unconditional (obligatory) resettlement (village Obykhody) (Fig. 1). 

 

 
 

Fig. 1. Number of settlements in Korosten raion that are included 

in the radioactively contaminated zones, units 

                                                      
27

 Про організацію виконання постанов Верховної Ради Української РСР про 
порядок введення в дію законів Української РСР «Про правовий режим території, 
що зазнала радіоактивного забруднення внаслідок чорнобильської катастрофи» та 
«Про статус і соціальний захист громадян, які постраждали внаслідок 
чорнобильської катастрофи» : постанова Кабінету Міністрів Української РСР від 
23 липня 1991 р. № 106. URL: https://zakon.rada.gov.ua/laws/show/106. 



85 

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 km². 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). 

 

 
 

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). 

 

 
 

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 

Settlement 

рН-value Total iron content, mg/dm3 

Mean 
value 

% of samples 
that do not 

meet the 
standards 

Mean value, 
mg/dm3 

% of samples that 
do not meet the 

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
3
 

 
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 

Settlement 

рН-value Total iron content, mg/dm3 

Mean 
value 

% of samples 
that do not meet 

the standards 

Mean value, 
mg/dm3 

% of samples 
that do not meet 

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

3
, 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/dm
3
 

 
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

3
. 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 

Settlement 

рН-value Total iron content, mg/dm3 

Mean 
value 

% of samples that 
do not meet the 

standards 

Mean value, 
mg/dm3 

% of samples 
that do not meet 

the standards 

village Bazar 7,3 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

3
 (Fig. 7). 

 

 
 

Fig. 7. Average nitrate content in drinking water from the sources of non-

centralized water supply in rural settlements of Narodychi raion, mg/dm
3
 

 
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 

Settlement 

рН-value Total iron content, mg/dm3 

Mean 
value 

% of samples 
that do not 

meet the 
standards 

Mean value, 
mg/dm3 

% of samples 
that do not meet 

the 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
3
 

 
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, 
mg/dm3 

>50,0 10,0–50,0 7,1–10,0 5,0–7,0 <5,0 

рН >8,5 6,0–8,5 6,0–8,0 6,5–8,5 6,5–7,0 

Total iron 
content, 
mg/dm3 

>2.0 1,0–2,0 0,3–1,0 0,2–0,3 <0,2 

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 

Settlement 
рН-

value 
Points 

Total iron 

content, 

mg/dm3 

Point

s 

Nitrate 

content

, 

mg/dm
3 

Point

s 

Integral 

index 

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 3,3 (3) 

village 

Voroneve 
6,59 5 0,1252 5 81,3 1 3,7 (4) 

Luhyny raion 

small town 

Luhyny 
6,85 5 0,2547 4 150 1 3,3 (3) 

village 

StariNovaky 
6,78 5 0,1578 5 122 1 3,7 (4) 

village 

ChervonaVolok

a 

6,24 3 0,178 5 71,8 1 2,97 (3) 

Narodychi raion 

village Bazar 7,3 4 0,1976 5 124,7 1 3,3 (3) 

village Huto-

Mariatyn 
7,28 4 0,2154 4 112 1 2,97 (3) 

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

3
. 

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

3
. 

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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