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SUMMARY

The stability of the cycles of biogenic elements in water bodies is a determining factor of
ecological stability, the use of modern methods of chemical control and software of statistical
allows to investigate the variability of the signs of the content of biogenic elements and to
establish the inherent correlations of the forms of the content of the relevant biogenic
elements, which during further observation will reveal possible changes under the influence
of natural or anthropogenic factors and take appropriate corective measures. The study
carried out a systematic analysis of the total content of inorganic (TIC) and organic (TOC)
forms of carbon in the water of the Styr River in the zone of influence of the Rivne NPP
return water discharges, revealed seasons of variability, correlations of the content. Based on
the widespread carbonate rocks of the Styr Basin lithology, we expected that TIC would be
the dominant form of TC. The results of the study are initial data for further monitoring of the
C cycle in the waters of the Styr River and possible trends in its changes, including changes
due to the influence of anthropogenic factors of Rivne NPP discharge waters.

XVII International Scientific Conference '"Monitoring of Geological Processes
and Ecological Condition of the Environment”

7—10 November 2023, Kyiv, Ukraine




Monitoring'2023 EAGE

Introduction

Rivers are important sites for carbon (C) transport and critical components of the global C cycle, but
little is known about longitudinal and temporal changes in C species in rivers (Soria-Reinoso et al.,
2022). Organic and inorganic forms of C content in surface waters are distinguished: total organic
carbon (TOC) is an indicator of the content of organic compounds; total inorganic carbon (TIC) is an
indicator of the content of inorganic compounds that form the components of the carbonate system:
carbon dioxide (CO,), bicarbonate (HCO3) and carbonate (CO?73) (Vachon et al., 2021). According
to modern terminology, the carbon content of TC, TIC, and TOC is an indirect indicator of the
presence of C atoms in water without any information about the nature and structure of the substance.
Formation of TIC concentration occurs under the influence of lithology, input from carbonate and
silicate rocks and absorption CO, (Kuznietsovet al., 2023). Contents TOC in surface waters are
determined by several factors: hydrological influence, C content in the soil, decomposition and
oxidation of organic substances of plants, hydrobionts, bottom sediments (Belliard et al., 2022). The
content of TC, TIC, TOC in surface waters is not regulated according to the legislation of the EU and
Ukraine, but they are important analytical parameters for monitoring any type of water, it is
established that the 30-day 50th percentile of TOC control results must be within 20% above or below
seasonally-adjusted median background levels as measured historically or at appropriate reference
sites (Drakeet al., 2021), the correlation between TIC and TOC is determined by the regime of
organic and inorganic C input and is individual for a type of water (Aguilar-Torrejon et al., 2023).
Analytical methods for determining TC, TIC, and TOC are not often used in Ukraine (Linnik et al.,
2005), instead, preference is given to outdated and time-consuming titrimetric methods for
determining alkalinity, BODS5, PO, COD. Nuclear power plants (NPP) can have an impact on the
environment (Kuznietsov & Biedunkova, 2023), the thermal action with return waters of NPP cooling
systems can affect the natural cycles of biogenic elements. This study aims to obtain basic
information about seasonal changes in C concentration, assessment of trends in concentration changes
in the C cycle, and correlation of TC, TIC, and TOC contents in the surface water of the Styr River in
the area affected by Rivne NPP discharges.

Method and Theory

The object of the study was the water of the Styr River (Fig. 1) in the zone of influence of the return
water discharges of the Rivne NPP cooling water. 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 et
al., 2023). The formation of the composition of the water of the Styr River occurs due to excessive
moistening and the influence of carbonate rocks, water from the limestone stratum participates in the
inflow of the river, which causes an increased concentration of the components of the carbonate
system in the river water. The concentration of TC, TIC, TOC was measured in the certified
laboratory of Rivne NPP according to a standardized method (Tab. 1). The principle of the TIC, TOC,
TC measurement method is based on the indication of CO, with a nondispersive infrared sensor
(NDIR), which is formed during sample preparation by acidification (TIC) or oxidation (TOC) of the
sample. According to the grading graph of infrared absorption of CO, (Fig. 2), the appropriate
concentration of TIC, TOC is set, and TC is determined by their sum.

Table 1 Characteristics of TC, TIC, and TOC measurement method *

X Ci 5, % MM ME
TC from 0.3 to | Water research. Guidelines | Elementar liquiTOC 11,
TI C’ 0.3-] 10, 6=£10; | for determining total and thermocatalytic oxidation method at
TO C’ 100 | more than | dissolved organic carbon 680 °C with NDIR, measurement
10, 0=t 5 DSTU EN 1484:2003 time TOC: 3 min, TIC: 4 min

Note: * X - components, Cr - measurement range, mg/dm3, 0 - relative measurement error, MPM - method of
measurement, ME -measuring equipment.
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Sampling was carried out in accordance with DSTU ISO 5667-3-2001 with a frequency of 1 time per
month during 2019-2022. The processing of the research results was carried out using standard
methods of mathematical statistics using software (Wessa, 2023), the density of data series was
evaluated using the method (Wang, 2020), the seasonality of changes was determined using the
Probabilistic Neural Network (PNN) Classifier (Omer et al., 2023).
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Figure 1 Location of the Styr River  Figure 2 The interface of the measuring software of the
on the map Elementar liqui TOC Il device (a - measurement process,
b - calibration graph)
Results

The content of TIC in the water of the Styr River was in the range of 26.97 mg/dm? to 58.87 mg/dm?
(average 43.23 +9.62 mg/dm?®), content TOC from 5.25mg/dm® to 20.02 mg/dm?® (average
10.68 +4.07 mg/dm?), contents TC from 37.2mg/dm*> to 7838 mg/dm® (average
54.45 £ 9.49 mg/dm?®). The dominant form of TC, up to 80% (tab. 2), is the inorganic form of carbon
for TIC, which is due to the spread of carbonate rocks of the lithology of the Styr River basin, which
increase the content of the components of the carbonate system.

Table 2 Descriptive summary for TIC, TOC, TC in the water Styr river2019-2022 (n=48)*

Statistical measure TIC, mg/dm? TOC, mg/dm’? TC, mg/dm’®
Minimum 26.97 5.25 37.20
Average 43.23 10.68 53.56
Maximum 58.87 20.03 78.38
Standard deviation 9.62 4.07 9.49

Note: * n - measurements quantity.

According to the dynamics of changes in the TIC content of the water of the Styr River (Fig. 2, a), it
is possible to detect the annual maximum of the content in the cold period of the year (from January to
December), which is explained by the increase in the accumulation of bicarbonate ions (Kuznietsov et
al., 2023) due to the minimum biological productivity in the cold period of the year. For the content of
TOC (Fig. 2, b) in the water of the Styr River, annual maxima can be detected in the summer period
(from July to August), which is explained by the intensification of biological productivity. Since up to
80% of the contribution to TC is caused by TIC, the dynamics of changes in TC (Fig. 2, c) repeats the
maximum content in winter periods, with a slight increase in the summer months of the year.
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Figure 2 Dynamicsof changes in the content of carbon forms in the water of the Styr River in 2019-
2022 (a-TIC,b-TOC, c-TC)
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An analysis of the seasonal variability of the content of TC, TIC, and TOC was carried out with PNN
Classifier, this method is used to identify the nature of the distribution of variables in each group, by
evaluating the density function of each group, it determines the classification features for groups of
observations (Omer et al., 2023). The three categories of content data initially classified by the
operator for C forms: TIC, TOC, TC was classified according to the probability of belonging by the
PNN Classifier method and four categories corresponding to the research years 2019 - 2022 were
selected, confirming the seasonal distribution of content data of C components (Fig. 3). The
estimation of the density of rows by the method of Multivariate kernel density estimation (Wang,
2020) for the content of TC, TIC, TOC is shown in Fig. 4, the correlation between the values of TIC,
TOC, TC is positive, with a slight tightness of the connection between TIC/TOC 1r=0.29 and TOC/TC
r=0.23, and high between TIC/TC r=0.89. The high value of the correlation between TIC/TC is due to
the dominant form of TC (up to 80% of TIC).
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Calculated equations that determine the dependent content of TC, TIC, and TOC components in the
water Styr river (Fig. 5), which are initial data characterizing the relationship between C forms in the
zone of influence of Rivne NPP return water discharges. Correlation equations can be used for further
monitoring of the trends in the water cycle of the Styr River and their possible changes under the
influence of natural or anthropogenic factors.

TC =0,00284923+0,999985* TOC+0,999948* TIC TIC =-0.00284842+1.00005* TC - 1.00004* TOC TOC =-0,00284765+1,00002* TIC -0,999964* TC
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Figure 5 Diagrams of content correlation dependencies of carbon forms in the water of the Styr River
in 2019-2022

XVII International Scientific Conference '"Monitoring of Geological Processes
and Ecological Condition of the Environment”

7—10 November 2023, Kyiv, Ukraine




Monitoring'2023 EAGE

Conclusions

The method of thermocatalytic oxidation with NDIR sensor for measuring the content of TC, TIC,
and TOC is an express, accurate method of chemical control that allowing to monitor the content of
organic and inorganic carbon in waters. According to the results of long-term measurement of carbon
forms in the water of the Styr River in the zone of influence of return waters of the Rivne NPP the
dynamics of changes in the content of carbon forms are determined, variability factors and
correlations between carbon forms are determined. The results of the study are initial data for further
monitoring of possible abnormal changes in the content of TC, TIC, TOC, and trends in the water
cycle carbon of the Styr River, including changes due to the influence of anthropogenic factors on the
discharge waters.
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