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SUMMARY 

To assess and forecast the groundwater status, it is necessary to establish trends in the water 
quality. In Ukraine, the network of the State groundwater monitoring observation wells is 
extremely insufficient, and there are very few monitoring data. In addition, the hydrochemical 
characteristics of individual water intakes may often not reflect general trends in quality 
changes within large hydrogeological or hydrological regions. 

Under such conditions, to assess the groundwater status and changes in its quality, it is 
advisable to use information obtained in the process of various geological works, including 
hydrogeological exploration and hydrogeological mapping. The collected hydrogeological 
information was analyzed using geoformation technologies. 

To assess temporal changes in the quality of groundwater, a comparison of the hydrochemical 
characteristics obtained from the results of the hydrogeological study of groundwater in the 
course of exploration work in the 60-70s of the last century and the hydrogeological study of 
the previously mapped areas in 2000-2010 was made. To assess the quality of groundwater, 
the methodological approaches of the National Standard of Ukraine “Sources of centralized 
drinking water supply. Hygienic and environmental requirements for water quality and 
sampling rules "(DSTU 4808: 2007) were used. The standard provides for the division of 
groundwater by chemical composition into four classes: excellent, good, satisfactory and 
mediocre. 

Comparison of data for different periods clearly showed the intensive groundwater pollution 
process in unconfined aquifers. The maps compiled for different time periods showed the scale 
and irreversibility of changes in the chemical status of groundwater in the Quaternary aquifers. 
The use of water quality criteria of the National standard of Ukraine SSTU 4808:2007 has 
shown a steady tendency for water from excellent, desirable, as well as good, acceptable water 
quality, to satisfactory, acceptable water quality. 

The assessment will be used in the process of improving the network of observation wells for 
groundwater monitoring in the Dnipro River basin. 
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Introduction 
In accordance with the natural water monitoring requirements, taking into account the guidelines of the 
Water Framework Directive, to assess and forecast the groundwater status, it is necessary to establish 
trends in changes of the water quality.  
In Ukraine, the observation wells network of state groundwater monitoring is extremely insufficient, 
and there is very little monitoring data (Koshlyakov et al., 2016). In addition, changes in water quality 
at individual water intakes may often not reflect general trends in quality changes within large 
hydrogeological or hydrological regions. Under such conditions, to assess the groundwater status and 
changes in its quality, it is advisable to use information obtained in the process of various geological 
exploration works, including hydrogeological exploration and hydrogeological mapping of territories, 
and analyzed with geoformation technologies within river basins (sub-basins) or hydrogeological 
regions of different orders (Koshlyakov et al., 2015).  
 
Methods 
To assess changes in groundwater quality over time, the hydrogeochemical characteristics obtained by 
hydrogeological study of groundwater in the process of exploration in the 60-70 years of the last century 
and hydrogeological additional study of previously mapped areas in 2000-2010 were compared. The 
comparison of data for different periods of time clearly showed the intensive process of groundwater in 
Quaternary sediments pollution.  
It should be noted that the information support of the period 2001-2010 is much worse than the period 
of 60-70 years, so the qualitative status of groundwater in 2001-2010 was characterized in fragments. 
The territories where after 2000 the hydrogeological additional study of scale 1: 200 000 was carried 
out, in particular the territories of sheets M-36-XIII (Kyiv) and M-36-XIV (Pereyaslav-Khmelnytskyi) 
were studied in the most detail.  
The methodological documents of the European Parliament Water Framework Directive define only 
two classes of groundwater quality - "good" and "bad". Obviously, these two gradations are insufficient 
to assess and map changes in water quality. Therefore, for this purpose, the approaches defined in the 
National Standard of Ukraine "Sources of centralized drinking water. Hygienic and environmental 
requirements for water quality and sampling rules” (SSTU 4808: 2007) were used.  These approaches 
propose the division of groundwater by chemical composition into four classes: excellent, good, 
satisfactory and mediocre. So the definition of water classes and subclasses quality by individual 
indicators is based on comparison of the actual sanitary indicators with the relevant criteria set out in 
the standard SSTU 4808: 2007. For this purpose, the average and the worst values for each indicator 
were compared. The final calculations used all the empirical values of individual indicators of 
groundwater composition in the version of the average and maximum values; and on the basis of 
arithmetic meanings the classes and subclasses of water were determined. For each period of time, maps 
of the groundwater dry residue were compiled. On the maps the piecewise homogeneous areas were 
identified, within which individual block indices and general indices for each chemical composition 
indicators (as arithmetic mean for all chemical composition indicators) were calculated. According to 
the defined indices, quality assessment maps were constructed, which characterize two periods of time 
- the period of 60 - 70 years of the last century and from 2001 to 2010. 
 
Results 
Figure 1 shows the cartographic assessments results of water quality in the aquifer in Quaternary 
sediments on the territory of Kyiv and Pereyaslav-Khmelnytskyi sheets of scale 1: 200 000 on the left 
bank of the Dnipro River within the Dniprovsko-Donetskyi artesian basin (Lyutyi, 2016).  
In the period of 60-70 years of the last century, groundwater within this territory was of high quality. In 
the next period, as can be seen from the figure 1, there have been significant negative changes in 
groundwater quality. Water of excellent quality in the valley of the Dnipro River after 2000 is practically 
not recorded here, although in previous years it was quite common. Today there is only a narrow strip 
of such quality water along the Supiy River.  
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Figure 1 Comparison of groundwater quality assessment maps (uppermost aquifer), territory of Kyiv 
and Pereyaslav-Khmelnytsky State Geological map scale 1: 200 000 sheets; a) 1960-75, b)  2000-2010.  
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At the same time, in the areas where water of "excellent and transitional quality to very pure and good, 
acceptable water quality" were recorded in the seventies of the last century, after 2000 we received 
"slightly polluted water" development - of "good to satisfactory quality", and in some areas – even to 
"satisfactory, slightly polluted water of acceptable quality and satisfactory, slightly polluted water with 
a bias to the class of "limited acceptable", undesirable quality. Thus, comparisons of data for different 
periods of time clearly showed the course of groundwater pollution process of in Quaternary sediments 
in this area. 
It should be noted that similar trends were recorded within the territory of Kobeliaky and Kremenchuk 
sheets of scale 1: 200 000.  
At the same time, the negative trends in the groundwater quality changes of more protected - confined 
aquifers in the Eocene and Lower Cretaceous-Cenomanian sediments for the period from 1970 to 2010 
were not detected. 
Thus, cartographic constructions have quite clearly recorded changes in the quality of groundwater of 
the Quaternary aquifer over time, which obviously indicates a negative anthropogenic impact. The use 
of GIS technologies allows to quickly and accurately determine the areas with different classes and 
subclasses of water quality. The results of such calculations are shown in table 1. The information in the 
table complements the quality assessment maps and allows to assess the direction and rate of changes 
in water quality for the period 1970-2010. 
 
Table 1 Changes in groundwater quality by area (territories of sheets Kyiv and Pereyaslav-Khmelnytsky 
within the Dniprovsko-Donetskyi artesian basin) 

Water quality 
class 

Water 
quality 

subclass 

Characteristics of  water quality classes and 
subclass 

Territory %  

1980-
1970 

2000-
2010 

І 
Excellent, 

desirable quality 
І (2) 

„Excellent”, very pure water with a bias 
towards the class „good”, pure water, 
desired  quality 

5,8 0,7 

ІІ 
Good, 

acceptable 
quality 

І-ІІ 
Water of transitional quality from 
„excellent,”, very pure, to class „good”, pure 

44,8 8,8 

ІІ (1) 
„Good”, pure water with a bias towards the 
class „ excellent”, very pure 

32,1 48,0 

ІІ 
„Good”, pure water, acceptable 
quality 

17,2 4,8 

ІІ (3) 
„Good”, pure water with a bias towards the 
class „satisfactory”, slightly 
polluted  acceptable quality 

0,2 32,7 

ІІІ 
Satisfactory, 
acceptable 

quality 

ІІ-ІІІ 
Water of transitional quality from class 
„good”, pure, to class „satisfactory”, slightly 
polluted 

- 3,4 

ІІІ (2) 
„Satisfactory”, slightly polluted water with a 
bias towards the class „good”, pure 

- 1,0 

ІІІ 
„Satisfactory” water, slightly polluted, 
acceptable quality 

- 0,6 

 
The data in table 1 clearly illustrate the scale and irreversibility of changes occurring in the chemical 
state of groundwater of the Quaternary aquifers. As can be seen, in the time that has elapsed since the 
exploration of groundwater in 1960-1970, the waters of subclass I (2) have virtually disappeared, and 
the area of water distribution of subclasses I-II and II has decreased by five or more than three times 
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respectively. However, the areas of subclass II (1) water increased by 16% and subclass II (3) water 
areas increased almost 33 times. During this period, new areas of water distribution of subclasses II-III, 
III (2), III, which were absent in previous years, were mapped. That is, there is a steady trend towards 
the transition of water from excellent, desirable, as well as good, acceptable water quality to the quality 
of satisfactory, acceptable. 
In water of the uppermost aquifer within territories of the Kyiv and Pereyaslav-Khmelnytskyi sheets in 
the period of 2000-2010, the content of nitrates was exceeded almost everywhere (at the level of 1.2 - 
4.0 maximum permissible concentration). In some cases, the nitrate ion even determines the type of 
water, entering the formula of its salt composition. At the same time, water points with nitrate content 
not exceeding the norm of 50 mg/dm3 were found only near the Dnipro river valley. The natural 
hydrocarbonate calcium composition of groundwater is rare, water of this composition also is located 
near the river valleys. At the same time, water of three-component - hydrocarbonate-sulphate-chloride 
anionic composition is very often noted. All this testifies to the anthropogenic origin of pollution, 
associated, given the land use specifics, with the impact of diffuse pollution sources within agricultural 
landscapes. 
 
Conclusions 
Thus, as a result of the comparison, significant changes in the quality of uppermost groundwater aquifer 
during the last 30-40 years were revealed. The performed graphic constructions clearly illustrate the 
scale and irreversibility of changes in the unconfined aquifers groundwater quality. There is a steady 
trend towards the transition of water from excellent, desirable, as well as good, acceptable water quality 
to satisfactory, acceptable quality. The performed assessment will be used in the process of improving 
the network of observation wells for groundwater monitoring in the Dnipro River basin. 
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