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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 (TIС) 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. 
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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 (CO2), bicarbonate (HCO−3) and carbonate (CO2−3) (Vachon et al., 2021). According 
to modern terminology, the carbon content of TС, TIС, 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 TIС concentration occurs under the influence of lithology, input from carbonate and 
silicate rocks and absorption CO2 (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 TIС and TOC is determined by the regime of 
organic and inorganic C input and is individual for a type of water (Aguilar-Torrejón 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, BOD5, 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, TIС, TOC was measured in the certified 
laboratory of Rivne NPP according to a standardized method (Tab. 1). The principle of the TIС, TOC, 
TС measurement method is based on the indication of CO2 with a nondispersive infrared sensor 
(NDIR), which is formed during sample preparation by acidification (TIС) or oxidation (TOC) of the 
sample. According to the grading graph of infrared absorption of CO2 (Fig. 2), the appropriate 
concentration of TIС, TOС is set, and TC is determined by their sum. 
 
Table 1 Characteristics of TC, TIC, and TOC measurement method * 

Х CI δ, % MM ME 

TC, 
TIC, 
TOC 

0.3 - 
100 

from 0.3 to 
10, δ=±10; 
more than 
10, δ=± 5 

Water research. Guidelines 
for determining total and 
dissolved organic carbon 
DSTU EN 1484:2003 

Elementar liquiTOC II, 
thermocatalytic oxidation method at 
680 °C with NDIR, measurement 
time TOC: 3 min, TIC: 4 min 

Note: * X - components, CI - measurement range, mg/dm3, δ - 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). 
 

 
Figure 1 Location of the Styr River 
on the map 

 
Figure 2 The interface of the measuring software of the 
Elementar liqui TOC II 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/dm3 to 58.87 mg/dm3 
(average 43.23 ± 9.62 mg/dm3), content TOC from 5.25 mg/dm3 to 20.02 mg/dm3 (average 
10.68 ± 4.07 mg/dm3), contents TC from 37.2 mg/dm3 to 78.38 mg/dm3 (average 
54.45 ± 9.49 mg/dm3). The dominant form of TC, up to 80% (tab. 2), is the inorganic form of carbon  
for TIС, 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/dm3 TOC, mg/dm3 TC, mg/dm3 
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 TIС, 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. 
 

 
Figure 2 Dynamicsof changes in the content of carbon forms in the water of the Styr River in 2019-
2022 (a - TIС, b - TOС, c - TС) 
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An analysis of the seasonal variability of the content of TC, TIС, and TOС 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 TIС, 
TOС, TС is positive, with a slight tightness of the connection between TIС/TOС r=0.29 and TOС/TС 
r=0.23, and high between TIС/TС r=0.89. The high value of the correlation between TIС/TС is due to 
the dominant form of TС (up to 80% of TIС). 
 

 
Figure 3 Detection of seasonal changes  
TIC, TOC, TC in the water Styr river  
using PNN Classifier 

 
Figure 4 Multivariate kernel density estimation for 
content of carbon forms in the water of the Styr 
River in 2019-2022 (a - TС/TOC, b - TC/TIC, c - 
TOC/TIC, d - interpretation) 

 
Calculated equations that determine the dependent content of TC, TIС, and TOС 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. 
 

 
Figure 5 Diagrams of content correlation dependencies of carbon forms in the water of the Styr River 
in 2019-2022 
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Conclusions 
 
The method of thermocatalytic oxidation with NDIR sensor for measuring the content of TС, TIС, 
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 TС, TIС, 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. 
 
References 
 
Aguilar-Torrejón, J.A., Balderas-Hernández, P., Roa-Morales, G. (2023) Relationship, importance, 

and development of analytical techniques: COD, BOD, and, TOC in water—An overview 
through time. SN Appl. Sci., 5, 118. https://doi.org/10.1007/s42452-023-05318-7. 

Belliard J.P., Hernandez S., Temmerman S., Suello R.H., Dominguez-Granda L.E., Rosado-Moncayo 
A.M., Ramos-Veliz J.A., Parra-Narera R.N., Pollete-Ramirez K., Govers G. (2022) Carbon 
dynamics and CO2 and CH4 exchange in the mangrove dominated Guayas River delta. Ecuador. 
Estuar. Coast. Shelf Sci.  https://doi.org/10.1016/j.ecss.2022.107766. 

Drake T.W., Hemingway J.D., Kurek M.R., Peucker-Ehrenbrink B., Brown, K.A., Holmes, R.M., 
Galy, V., Moura, J.M.S., Mitsuya, M., Wassenaar, L.I. (2021) The Pulse of the Amazon: Fluxes 
of Dissolved Organic Carbon, Nutrients, and Ions from the World’s Largest River. 267 
(107766), Glob. Biogeochem. Cycles. https://doi.org/10.1029/2020GB006895. 

Kuznietsov P. M., Biedunkova О. О., Yaroshchuk O.V. (2023) Experimental study of transformation 
of carbonate system components cooling water of Rivne Nuclear Power Plant during water 
treatment by liming. Problems of Atomic Science and Technology, 2 (144), 69-73. 
https://doi.org/10.46813/2023-144-069. 

Kuznietsov P., Biedunkova O. (2023) Experimental Tests of Biocidal Treatment for Cooling Water of 
Safety Systems at Rivne NPP Units. Nuclear and Radiation Safety, 1(97), 30-40. 
https://doi.org/10.32918/nrs.2023.1(97).04. 

Kuznietsov P., Tykhomyrov A., Biedunkova O., & Zaitsev S. (2022) Improvement of methods for 
controlling power oil of cooling tower recycling water supply units at Rivne nuclear power plant. 
Scientific Horizons, 25(12), 69-79. https://doi.org/10.48077/scihor.25(12).2022.69-79. 

Linnik P.N., Vasilchuk T.A. (2005) Role of humic substances in the complexation and detoxification 
of heavy metals: case study of the Dnieper reservoirs. NATO Science Series. IV: Earth and 
Environmental Series, 52, 135-154. https://doi.org/10.1007/1-4020-3252-8_6 

Omer N., Samak A. H., Taloba A. I., Abd El-Aziz R. M. (2023) A novel optimized probabilistic 
neural network approach for intrusion detection and categorization. Alexandria Engineering 
Journal, 72, 351-361. https://doi.org/10.1016/j.aej.2023.03.093. 

Soria-Reinoso I., et al. (2022) The Seasonal Dynamics of Organic and Inorganic Carbon along the 
Tropical Usumacinta River Basin (Mexico). Water, 14(17):2703. 
https://doi.org/10.3390/w14172703 

Vachon D., Sponseller R., Karlsson J. (2021) Integrating carbon emission, accumulation, and 
transport in inland waters to understand their role in the global carbon cycle. Glob. Chang. Biol., 
27, 719–727.  https://doi.org/10.1111/gcb.15448. 

Wang Q. (2020) Multivariate Kernel Smoothing and Its Applications. Journal of the American 
Statistical Association, 115:529, 486. https://doi.org/10.1080/01621459.2020.1721247. 

Wessa P. (2023) Free Statistics Software, Office for Research Development and Education, ver. 1.2.1. 
URL https://www.wessa.net/. 


