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SUMMARY

Heavy metals contamination in aquatic environments presents a global challenge due to their
persistent nature and detrimental effects on both ecosystems and human health. These
contaminants enter rivers through a multitude of sources, encompassing agricultural
practices, industrial activities, and urban runoff. Consequently, the regular monitoring of
heavy metal concentrations in water systems is paramount for a comprehensive assessment of
water quality. The aim of this study was to assess the water quality of the Styr River
(Ukraine) by analysing the content of heavy metals and identifying the content of specific
substances within the relevant groups and blocks of the environmental classification using the
block index of environmental water quality. The study collected existing data on heavy metal
concentrations in the Styr River for the period from 2020 to 2023. The data were compared
with the water quality criteria established by the Methodology for Environmental Assessment
of Surface Water Quality by Relevant Categories (Ukraine).
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Introduction

Water quality is a critical concern for human health and ecosystem well-being. Over the past few
decades, anthropogenic activities have led to a significant increase in heavy metal (HM)
contamination of aquatic environments. HMs pose a substantial threat due to their persistence in soils
and water, their detrimental effects on ecological processes, and their bioaccumulation through the
food chain. Numerous studies have documented HMs pollution in rivers worldwide, attributing it to
various sources such as agriculture, mining, industrial activities, and urban runoff (4lpatova et al.,
2022; Tsyhanenko-Dziubenko et al., 2023). Consequently, effective water quality assessment and
monitoring are crucial for mitigating the impacts of HMs pollution (Chernysh et al., 2024, Razanov et
al., 2023). Monitoring of HM concentrations in aquatic systems provides valuable insights into water
quality status and potential pollution sources. The water of the Styr River is polluted by fertilisers and
chemical plant protection products which are carried by surface runoff from the gardens of the
citizenry (Nekos & Boiaryn, 2022), and the water of the Styr River is used as water cooling for the
Rivne Nuclear Power Plant (NPP). NPP can have an impact on the environment (7rach et al., 2024),
and the thermal action with return waters of NPP cooling systems can affect the natural cycles of
biogenic elements (Kuznetsov & Tichomirov, 2017). In this study, we aim to evaluate the water
quality of the Styr River using HM concentrations as a key indicator.

Method and Theory

The object of the study was the water of the Styr River in the zone of influence of the return water
discharges of the Rivne NPP cooling water. Notably, the Styr River is a right tributary of the Pripyat
River and belongs to the Dnipro River basin; the water is of the carbonate-calcium type (Kuznietsov,
2024). The surface water quality of the Styr River was assessed according to the criteria of HM
content by the Methodology for Environmental Assessment of Surface Water Quality by Relevant
Categories (Approved by Order No. 44 of the Ministry of Environmental Safety of Ukraine dated
March 31, 1998). The stage of determining water quality classes and categories for individual
indicators consists of the following steps: - the arithmetic mean values (M) of each HMs
concentration indicators are compared with the relevant water quality criterion (Table 1); - the worst
water quality values (max) among HM concentrations indicators are compared with the relevant water
quality criteria; - based on the comparison of M and max values for each indicators, water quality
categories are determined separately; - the comparison of M and max values and the determination of
water quality classes and categories for individual indicators is carried out within the block of specific
substances (lav, Imax).

Table 1 Water Quality Class and Categories

Clas | 11 111 v \4
Category 1 2 3 4 5 6 7
Zn, ug/dm? <10 10-15 16-20 21-50 51-100 101-200 >200
Cd, pg/dm? <0.1 0.1 0.2 0.3-0.5 0.6-1.5 1.6-5.0 >5.0
Pb, pg/dm? <2 2-5 6-10 11-20 21-50 51-100 > 100
Cu, pg/dm? <1 1 2 3-10 11-25 26-50 > 50
Ni, pg/dm? <1 1-5 6-10 11-20 21-50 51-100 > 100
Mn, ug/dm? <10 10-25 26-50 51-100 101-500 | 501-1250 > 1250
As, pg/dm? <1 1-3 4-5 6-15 16-25 26-35 > 35
Cr, pg/dm? <2 2-3 4-5 6-10 11-25 26-50 > 50
Condition Excellent Good Satisfactory Poor Very Poor
Excellent Very Good | Good | Satisfactory | Moderate Poor Very Poor
Degree of | Very Clean Clean Polluted Dirty Very Dirty
pollution Very Clean | Very Clean | Clean Polluted |Very Polluted]  Dirty Very Dirty
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In this study, we evaluated the results of monthly monitoring of 8 HMs (Zn, Cd, Pb, Cu, Ni, Mn, As,
Cr) for the period from 2020 to 2023. An inductively coupled plasma optical emission spectrometer
ICAP 7400 Duo was used for analyzing the metal content, following standard “Determination of
selected elements by inductively coupled plasma optical emission spectrometry” ISO 11885:2009
(Kuznietsov & Biedunkova, 2025). To assure the quality of results, equipment was calibrated with
standard solutions. Statistical processing of the research results included determining the arithmetic

mean (M), the maximum of the data series (max) corresponding to the worst water quality values, and
the standard deviation (£SD).

Results

Zn concentrations exhibit a relatively stable pattern throughout the months, with slight variations

observed (Fig. 1a), with M£SD = 4.67+1.14 pg/dm*® and max = 6.56 pg/dm?, which corresponds to
Class I and Category 1.
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Figure 1 Dynamics of changes in the concentration of heavy metals in the water of the Styr River in
2020-2023: a) — Zn, b) — Cd, ¢) — Pb, d) — Cu, ¢) — Ni, f) — Mn, g) — As, h) — Cr).
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Cd concentrations (Fig. 1b) were M£SD = 1.01+0.03 pg/dm?, with max = 1.11 pg/dm3, which
corresponds to Class III and Category 5. Pb concentrations (Fig. 1¢) were M+SD = 1.05+0.13 pg/dm?,
with max = 1.40 pg/dm3, which corresponds to Class I and Category 1. Notably, Cu concentrations
exhibit a fluctuating pattern (Fig. 1d), M£SD = 6.43+1.82 pg/dm?, which corresponds to Class III and
Category 4, with max = 12.00 pg/dm3, which corresponds to Class III and Category 5. Ni
concentrations (Fig. 1e) were M£SD = 3.34+0.8 pg/dm?, which corresponds to Class II and Category 2,
with max = 6.0 pg/dm3, which corresponds to Class II and Category 3. Mn concentrations exhibit a
fluctuating pattern (Fig. 1f), M£SD = 4.03+£2.81 pg/dm?, with max = 10.3 pg/dm?, which corresponds
to Class I and Category 1. As concentrations (Fig. 1g) were M+SD = 5.1£0.2 pg/dm?, which
corresponds to Class II and Category 3, with max = 6.0 pg/dm?, which corresponds to Class III and
Category 4. Consequently, Cr concentrations (Fig. 1h) were M£SD = 1.06+0.22 pg/dm?, with max =
2.00 pg/dm?, which corresponds to Class II and Category 2. Thus, Zn, Cd, Cr and Pb concentrations
remain relatively stable, their presence, even at low levels, requires continuous monitoring because of
their potential to bioaccumulate and cause harm over time (Gorbachova & Afteniuk, 2022, Kuznietsov
et al., 2024). Notably, Cu concentrations show significant variability, this pattern suggests episodic
sources of pollution, possibly from industrial discharges or agricultural runoff, which warrant
investigation and mitigation to prevent adverse ecological impacts or the arrival of corrosion products
(Biedunkova & Kuznietsov, 2024). Consequently, Ni and Mn exhibit variability in their
concentrations, and while these metals are essential in trace amounts, they can become toxic at higher
levels, underscoring the importance of identifying and controlling pollution sources (Mishra et al.,
2019; Lobodzinskyi & Danko, 2022). Although generally below the detection limit, As occasionally
reaches levels that classify it as a moderate pollutant.

Additionally, Fig. 2a presents a radar chart visualizing the block categorization of water quality for
eight distinct HMs. Notably, the concentrations of Cu, Cd, and As contribute the most significant
values to the overall block category of water quality. The arithmetic mean category values (lav)
M=SD = 2.24+0.5, which corresponds to Category 2 (Class II). Moreover, the maximum category
value (Imax) M*SD = 2.4+0.6, which corresponds to Category 2 (Class II). As illustrated in Fig. 2b,
based on the water quality classification system employing specific criteria, the Styr River exhibits a
very good condition and a very clean state.
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Figure 2 Water quality categories (lav and Imax) the Styr River for heavy metals in 2020-2023.
Conclusions

The analysis of HM concentrations in the Styr River from 2020 to 2023 shows that most pollutants are
within safe limits, though occasional spikes in metals like Cu, Ni, and Mn suggest episodic pollution.
While Zn, Cd, and Pb levels are generally low, certain fluctuations in other metals require further
investigation and ongoing monitoring. Despite the overall good water quality, continued efforts are
needed to manage potential pollution sources and protect both the environment. According to the
environmental classification using the block index of environmental water quality, the water of the
Styr River in the study area is classified as Category 2 (Class II) according to the criteria of specific
substances and has a “very good” condition with a degree of pollution “very clean”.
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