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SPATIAL ANALYSIS OF WATER QUALITY INDICATORS
IN DROHOBYCH DISTRICT

Abstract. Water quality is one of the important indicators of the well-being in the region. While
the sources of decentralized water supply are relatively protected and under constant control, the
quality of water in the sources of decentralized water supply needs additional attention. At the same
time, water quality indicators of decentralized water supply sources make it possible to assess the
quality of natural waters in the region. The development of spatial analysis methods in the assessment
of water quality allows to determine the influence of environmental factors on water quality and
to determine areas and settlements with the most and least safe conditions for decentralized water
supply. The article presents the results of a spatial analysis that permitted to assess the water quality of
the sources of decentralized water supply in the Drohobych district. The conducted analysis made it
possible to establish the territories with the highest water quality in the district. The proposed method
can be used in monitoring studies and for assessing the quality of natural resources in the region.

Key words: Drohobych district, monitoring, water quality, spatial analysis.

INTRODUCTION

A decentralized water supply system is the system where water is sourced, and distributed
locally, and not being supplied by a centralized system [12]. This can be done in a variety of
ways, including stormwater collection, groundwater recharge, and small-scale well water
use. Decentralized systems offer a number of advantages over centralized systems, including
increased resilience, lower costs and greater community participation in water management. But
their use can also be subject to regulatory restrictions. In addition, such sources require ongoing
monitoring. Decentralised water systems can be an effective means of ensuring access to safe
and reliable water in regions where centralised systems are neither feasible nor desirable [10].

Water quality testing is an important monitoring instrument to ensure that the water is safe
for human consumption, aquatic life and other uses. The reasons for the significance of water
quality testing are [2]:

1. Protecting human health: Water is a vital resource for humans, and contaminated water can
cause many health problems, including diarrhoea, cholera, typhoid and other waterborne diseases.

2. Environmental Protection: Water quality testing helps to monitor the health of aquatic
ecosystems and protect them from pollution.
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3. Regulatory Compliance: Governments and regulatory bodies have established water
quality standards, and water quality testing helps to ensure those standards are met.

4. Economic Benefits: Safe drinking water is critical to agriculture, industry and tourism.
Water quality testing ensures that water is adequate for these activities and can contribute to
economic growth.

Water quality monitoring surveys include the chemical analysis of various indicators.
Such studies provide updated information on water quality at a certain point in time. At the
same time, spatial analysis can also be used to assess the quality of water resources of the
territories. Mapping the results of chemical analyzes of water allows identifying regions with
unsatisfactory conditions, assessing the spread of pollution, and determining the impact of
related factors on water quality [19].

Spatial analysis is the process of reviewing and interpreting geographical location
information. It involves using a variety of techniques and tools to analyze spatial data, such
as maps, satellite imagery and geographical information systems (GIS) [6, 7]. Spatial analysis
may be used to determine trends, relationships and trends in geography-related data, such
as population density, land use and environmental factors. It is widely used in urbanism,
environmental sciences and epidemiology [1].

Spatial analysis can also be used to model the dispersion of pollutants in the environment,
taking into consideration factors such as winds, terrain and land cover. This can assist in
predicting the potential impact of pollution on neighboring communities and ecosystems [20].

Spatial analysis of pollution sources involves the use of geographic information systems
(GIS) to identify and map the location of pollution sources, such as factories, power plants,
transportation routes, place of wastewater discharges and landfills [21]. This information
can then be used to assess the potential impact of these sources on human health and the
environment, as well as to develop strategies for mitigating their effects [5].

GIS technology allows the integration of various data sources, such as satellite imagery,
air quality monitoring data, and demographic information, to create detailed maps of pollution
sources and their surrounding areas. This can help identify trends in pollution levels and areas
that are especially vulnerable to pollution [13].

Apart from GIS technologies, the instruments in Excel and similar products may be
used for spatial analysis. For spatial analysis in Excel, geographical data in a format that
Excel can read, such as CSV, TXT or Excel files are used. Excels built-in mapping and
analysis tools, such as the “Map Chart” and “Data Analysis” features help to analyze and
visualize the data [14].

Some common spatial analysis techniques performed in Excel include [8]:

1. Mapping: Create maps to visualise spatial models and relationships in data.

2. Spatial statistics: Calculate distance, area, proximity and other spatial statistics for data
analysis.

3. Spatial Interpolation: Estimate values of locations where data are missing or incomplete
through interpolation techniques.

4. Cluster analysis: Identify groups or clusters of data points which have similar spatial
features.

5. Spatial regression: Analyze the relationship between spatial and other non-spatial
variables by means of a regression analysis.

Excel can be a useful tool for basic spatial analysis, but more sophisticated analyses may
require specialized GIS software.
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Another applied software, Tableau, can be also used for data processing and spatial analysis.
Special instruments in this software are used for creating digital maps. Spatial analysis in Tableau
involves the use of geographic data to build maps and analyze site-based data. In Tableau, the
user can log on to various spatial data sources, such as shape files, KML files, Excel files and
spatial databases, and view the data on a map. Users can also create custom maps by importing
their own map images or by creating maps through the mapping tools in Tableau [19].

The spatial analysis in Tableau includes various characteristics, such as geo-coding,
spatial connections and spatial calculations. Geocoding is the process of converting addresses
or place names into geographical coordinates that can be used to trace data on a map.
Spatial connections make it possible to combine spatial data with non-spatial data, such as
demographic and sales data. Mapping visualization also helps to find hidden information or
insights. Spatial calculations enable users to make calculations based on geographical data,
such as measuring distances or creating buffers around points [11]. Spatial analysis in Tableau
allows users to gain insights into their data based on location, which can be useful for a variety
of applications, such as market analysis, urban planning, and environmental monitoring [16].

MATERIALS AND METHODS

The studies of the water quality indicators and further spatial analysis were performed
in the Drohobych district. Drohobych district is located in the Lviv Oblast of Ukraine and
is known for its diverse landscape, including forests, mountains, and rivers. The district is
situated in the Precarpathians, the region has a temperate climate, with mild summers and cold
winters [15]. The main industries in the district are agriculture, machine building, recreation,
forestry. The district is also home to several protected natural areas, including the Carpathian
Biosphere Reserve and the Skole Beskids National Nature Park, which are important for
biodiversity conservation [3].

Fig. 1. Map of Drohobych district
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Water resources of the region are represented by rivers that enter the Dniester basin,
reservoirs, streams, and underground waters. The cities of the district, Drohobych, Stebnyk,
Boryslav, and Truskavets, have a centralized water supply [17]. One of the main suppliers
of drinking water is the utility company "Drohobychvodokanal". At the same time, in many
inhabited points in rural areas, the population uses sources of decentralized water supply, in
particular, water from wells. The quality of water in these settlements needs to be monitored
and evaluated.

To assess the quality of water in the Drohobych District, water samples were taken
in 17 settlements (Table 1). Samples were taken and analyzed in 2021. The analysis was
carried out according to 13 indicators: ammonium content, chlorides, sulfates, iron content,
hardness, total mineralization, content of nitrates, nitrites, fluorides, manganese, odor, total
mineralization and hydrogen index. Analyzes were performed in accordance with standard
methods for assessing the quality of drinking water [4, 18]. A data file was generated based
on the results.

Table 1
Settlements, where water samples were taken and their geographical coordinates
No. Settlement Latitude Longitude
1 Lishnia 49,37361 23,45417
2 Uniatychi 4937361 23,41583
3 Nahujevychi 49361945 23,320557
4 Stupnytsia 49431389 23,3225
5 Verkhni Hai 49313334 23,656112
6 Medvezha 49.407778 23,381944
7 Ranevychi 49345278 23,556389
8 Bystyrtsia 49471111 23,445
9 Navoshychi 49.475556 23,450278
10 Luszok 49,449722 23,369444
11 Pochaievychi 49360557 23,575557
12 Rykhtychi 49,39139 23,541945
13 Dobrivliany 49435278 23,566111
14 Mykhailevychi 49,375835 23,600558
15 Nyzhni Hai 49,3476 23,676668
16 Derezhychi 49334722 23,455833
17 Drohobych (district center) 49,35 23,5

At the next stage, the geographic coordinates of the sampling points were added to the
received data file. The file prepared in this way was further processed in the Tableau software.
A separate map was compiled for each indicator of water quality [9]. The parameters for
distinguishing indicators were used - the size of the marker and its color. The darker color
of the settlement marker and its larger size corresponded to a higher value of the quality
indicator. A lighter color and smaller marker size corresponded to a smaller indicator value.
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Fig. 2. Map of the sampling points
RESULTS

The results of the spatial analysis are presented in the form of a set of maps from the
display of values for the corresponding indicator. The ammonium content (Fig. 3) of the
water samples of the studied settlements differs slightly. The lowest values are observed for
the southeastern part and the northwestern part of the district. The highest value for this
indicator was recorded for the northeastern part (the village of Dobrivlyany).
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Fig. 3. Map of ammonia content

According to the content of chlorides (Fig. 4), the territory of the district can be divided
into two parts. The eastern and southeastern part of the district is characterized by a lower
content of chlorine ions. In the eastern and especially in the northeastern part, this indicator
has higher values. As for the content of fluorides (Fig. 5), it is possible to single out only
the part of the district with the lowest content of them. The lowest value is observed for the
southern and southeastern parts of the district. In the rest of the territory, the value of this
indicator is approximately 5 times higher.
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Fig. 5. Map of fluorides content

Regarding water hardness, the smallest and largest values differ by more than 5 times.
The highest indicators of hardness are recorded in the northern and northeastern parts of the
district. The lowest value of this parameter is observed for the southeastern part of the district
(Fig. 6). The lowest value of iron content in water is also observed in the southeastern part
of the district (Fig. 7). In the rest of the territory, the values of this indicator were 4-5 times
higher. The highest value was observed for one settlement - the village of Dobrivlyany.

The content of manganese in the water of all studied objects is approximately the same.
The absence of special differences can be seen on the corresponding map (Fig. 8). Analysis of
the nitrate content shows the presence of differences depending on the location of the research
object (Fig. 9). The highest values are observed in the northwestern part of Drohobych district.
The lowest content of nitrates in water is recorded in the southeastern part of the district.

The content of nitrites in the studied water differs significantly only for two settlements in
the north and south of the district (Fig. 10). In the rest of the studied area, the nitrite content
in the water is about 5-7 times lower. For the southeastern part of the district, this indicator is
almost 10 times lower. The evaluation of the smell of water (Fig. 11) shows that this parameter
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is the same for most settlements in the studied area. Much higher values of this indicator are
recorded in three settlements located in the northeastern part of the studied district.
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Fig. 11. Map of odor in studied area

Regarding the content of sulfate ions in water, the territory of the studied area is divided
into two parts (Fig. 12). The highest values of this indicator are observed for the northwestern
part. Further, the value of the sulfate content decreases towards the southeast. In the
southeastern part of the district, the content of sulfates is the lowest. A similar pattern is
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observed for general mineralization (Fig. 13). In the direction of movement from the north-
west to the south-east, the value of this indicator also decreases and reaches the minimum
value in the south-eastern part of the district.
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Fig. 13. Map of TDS in studied area

Regarding the content of sulfate ions in water, the territory of the studied area is divided into
two parts (Fig. 12). The highest values of this indicator are observed for the northwestern part.
Further, the value of the sulfate content decreases towards the southeast. In the southeastern
part of the district, the content of sulfates is the lowest. A similar pattern is observed for total
mineralization (Fig. 13). In the direction of movement from the north-west to the south-east,
the value of this indicator also decreases and reaches the minimum value in the south-eastern
part of the district.

Thus, the spatial analysis shows that the investigated indicators can be divided into two
groups - those that depend on the place of sampling, and those that do not. Parameters of
manganese content, smell, pH, nitrite and iron content. They do not depend on the place
of sampling. For the rest of the parameters, the results of the analysis are influenced by the
place where the sample was taken. For these indicators, it can be concluded that the highest
indicators of quality and water are characteristic of the southeastern part of the district. It is in
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this part that the lowest content of nitrates, chlorides, and sulfates, as well as the lowest total
mineralization and turbidity, is recorded in water samples.
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Fig. 15. Map of pH in studied area

CONCLUSIONS

Decentralized water supply sources continue to be an additional, and in some regions,
the main source of water supply. Their monitoring is important not only from the point
of view of water supply security, but also as a source of information about water quality
in the region. In addition to the typical chemical analysis of water, the monitoring
methodology can be accompanied by the use of spatial analysis. Both geographic
information systems and a number of applied software products can be used to solve
spatial data analysis tasks. The carried out spatial analysis of water quality indicators
in the Drohobych district made it possible to create a number of maps for water quality
assessment. The conducted analysis showed that the quality parameters were divided
into two groups - parameters that depend and do not depend on the place of sampling
for analysis. According to the water quality indicators, which depend on the place of

25



sampling, it was possible to establish that the water in the south-eastern part of the
Drohobych district has the best quality indicators. In the rest of the territory, the water
may have a higher content of pollutants. The conducted analysis can be used to create a
monitoring system, as well as to analyze the impact of environmental factors and human
economic activity on water quality.
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AHOTANIA

IMPOCTPOBA OLIHKA MOKA3HHUKIB AKOCTI BOAU
Y IPOTOBUIIBKOMY PAHOHI

Jxepena MEIeHTPali30BAHOTO BOIOMOCTAYaHHS MPOJOBXKYIOTh IOCITATH BAXKIMBE MicIe
3a0e3MmeueHHl BOIOI0 LIIOro psay perioHiB. Ilompu Te, mo IeHTpasizoBaHE BOIOMOCTAdYaHHSI
€ HaMIHHIINM, JCICHTPAII30BaHE BOMOMOCTAYaHHS MOXHA PO3MIAAATH sIK pe3epB. Kpim Toro,
iH(OpMallis PO SKICTh BOIM JPKEPEN ICLEHTPaTI30BaHOTO BOJONOCTaYaHHsI JT03BOJISIE J0JIATKOBO
OLIIHUTH CTaH BOJHUX PECYpPCIB y peTioHi.

MOHITOPHHTOBI TOCIIIPKEHHS SKOCTI BOIU 3a3BUYAl Iepe0aqatoTh Bioip mpoo, iX XiMidHA
aHaniz Ta (opMyBaHHS 0a3u JaHUX PO SKICTh BOXM. Pa3oM 3 THM y TPAaKTHKy MOYHMHAE
BITPOBA/KYBAaTHCS TPOCTOPOBHH aHAJI3 PO3TAIIyBaHHS UDKepen 3a0pyqHEeHHS abo Kepen 3
YHCTOIO BOJI0K0. Takuii aHasi3 03BOJISIE BUSIBUTH paiioHU 3a0py/AHEHb, BA3HAYUTH BILUTUB (pakTOpiB
JIOBKIJUISL Ta aHTPONOTreHHMX (akTopiB Ha sKicTh Boau. IlpocropoBmii ananiz mnependavae
Bukopucranss reoindopmaniitanx (I'IC) Ta ckiajaHHs €JIEKTPOHHUX Ta IHTEPAKTUBHUX KapT.
JIOTIOMDXKHAMH iHCTPYMEHTaMH Ul TIPOCTOPOBOTO aHATI3y MOXKYTh CIY)KHTH 1HIII IPOTpaMHi
nponykrd, Hanpukian Excel abo Tableau. Y HEX MOXyTh CTBOprOBaTHCS (ailii TaHWUX, a HOBI
MOKJIMBOCTI IIMX JIOJIaTKIB JO3BOJIIOTH TAKOK CTBOPIOBATH TEMATHYHI KapTH.

OO0’eKTOM  TIPOBENIEHOTO  JOCHI/DKEHHS OyJld  BOIM  JDKEpEN  JeEeHTPali30BaHOTO
BoZloniocTa4yanHs y JIporoOunpkoMy paiioni. Jlo BOgHMX pecypciB Ha TepHTOpPil BXOIATH
npuToky J{HicTpa, psia BOIXOCXOBHIL, BOAA MiA3EMHUX JpKepeld. BopornocrauanHst mictT paioHy
3MIHCHIOETHCS 32 PaXyHOK JDKeped IIEHTPAIi30BaHOTO BOAOIIOCTAYaHHs, Y TOM Yac, K Y CUTbCBKIH
MICLIEBOCTI BHKOPHUCTOBYIOTBCS TaKOX JDKepesia ACLEHTPai30BaHOIO BoporocTadaHHs. Jlims
JoCTiKeHHs OyIo Bl,Z[l6paH0 mpobu Boam y 17 HaceleHWX IyHKTax paioHy. AHami3yBaincs
13 moka3HuKiB sikocTi Boau. [laHi aHamizy TPHB’A3yBAIHCA 10 KOOPIMHAT HACEICHOIO MyHKTY,
y SIKOMY BinOupaimcst mpoou Boxu. Ha OCHOBI OTpHMaHUX JIaHHUX CKJIAJHUCS €ICKTPOHHI KapTH.

[IpoBenenuii aHasi3 MOKA3HUKIB SIKOCTI BOJM ITOKA3aB, III0 YMOBHO IX MOYKHA PO3JIUINTH Ha
nBi rpyna. J{o meprnoi rpynu HanekaTh TOKa3HHUKH, IO HE 3aJIeXKaTh BiJl MicIls BiIOOpY mpodu Ta
€ TIPAaKTUYHO OTHAKOBUMH JUISI BCiX HaceleHHX MyHKTIB. Lle pH, 3amax, BMICT HITPHUTIB, MarHiIO.
Jpyry TpyIy CKJIaJaloTh MOKAa3HUKH, IO BIAPI3HAIOTHCS 3aJI€KHO Bif MicIs BigOopy mpoOwu.
Jlo Takux Hajex)arTh BMICT XJIOPHAIB Ta Cyib(aTiB, BMICT 3ai3a, 3arajibHa TBEPIICTh, BMICT
(dbropuni Ta HiTpaTiB. 3HAUYCHHS [UX MOKA3HUKIB € HAHMCHIIUM JJisi 00 €KTIB JIOCIIKCHHS,
PO3TAIIOBAHMX Y MiBAEHHO-CXIHINH YacTHHI paiioHy. TakuM 4MHOM, MOXXHA 3pOOMTH BUCHOBOK,
1110 CaMe y IiBJICHHO-CXI/IHIi YacTHHI pailoHy BoJa KEepeI ACLEHTPaIi30BaHOTO BOIOTIOCTAYaHHS
XapaKTepU3y€eThCS HAWBUIIIMMU ITOKa3HUKAMHU AKOCTi. CITif] 3a3HAYUTH, [0 Y BCIX TOCIHTIHKYBAHUX
npoOax MOKA3HHUKHU SKOCTI HE IEPEBHIYBAIN AOITYCTUMOTO 3HAYEHHs, IPOTE caMe y IiBACHHO-
CXiHIM YacTHHI palOHy SKICTh BOOU € HAMBHIOK. BUKOHAHHS MPOCTOPOBOTO aHANI3y €
JIOZIATKOBUM 1HCTPYMEHTOM MOHITOPHMHTY SIKOCTI BOJAW. 3 HOTO JIOIIOMOTrOI0 MOXKHA CKJIaJaTh
IHTEpPAaKTHBHI KapTH, OLIHIOBATH BIUIMB ()aKTOPIB Ha SIKICTH BOAM, PO3POOISATH YHPaBIIHCHKI
piLICHHS Y MEXax paioHy.

KirouoBi ciioBa: J[poroOuIbKuii paifoH, MOHITOPHHT, SKiCTh BOJIH, IPOCTOPOBUI aHATI3.
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