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CORRELATION ANALYSIS OF THE INFLUENCE OF CLIMATIC
AND BIOLOGICAL FACTORS ON HYDROCHEMICAL INDICATORS
OF THE GENERAL ECOLOGICAL CONDITION OF THE TRUBIZH RIVER

The article deals with the issue of correlation analysis of the influence of external factors on the hydrochemical
composition of the Trubizh River in the conditions of an urbanised environment within the city of Pereyaslav. The aim of the
study is to investigate the correlation between climatic and biological factors in order to identify the key factors determining
the variation component of hydrochemical parameters. An integrated approach to the analysis was implemented, which
included the use of a number of analytical methods and quantitative analysis. The following methods were used to assess
the quality of the surface water of the Trubizh River: Winkler's iodometric titration to quantify the dissolved oxygen
content, Kubel's permanganate oxidation to analyse the concentration of organic compounds, Mohr's argentometry to
determine the level of chloride ions, complexometric titration to assess the total hardness of the water, acid-base titration
to analyse the temporary hardness and total acidity, and a qualitative method to determine the concentration of iron.
These methods provided comprehensive information on the chemical composition and water quality of the Trubizh River.
The analysis of the surface water of the Trubizh River has provided new scientific results that significantly expand the
existing knowledge in the field of environmental monitoring of water resources, providing up-to-date data on changes
in the chemical composition of the water, which requires measures to optimise the impact of agricultural practices and
industrial emissions on the watercourse. It has been found that an increase in the concentration of elements stimulates
the active development of phytoplankton, leading to a decrease in the oxygen regime and a deterioration in the conditions
for most aquatic organisms. The phenomenon of local “blooming” of the water was recorded, which is an indicator of
massive development of phytoplankton on the surface of the reservoir. It was confirmed that the quality of the surface
water of the Trubizh River is subject to significant biotic and abiotic factors.

Key words: hydrochemistry, ecology, environmental monitoring, biotic factors, abiotic factors, surface waters.
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Bioaiorpagiunmnii onuc crarri: Mapymaxk, 1., Xapuenko, 0. (2024). Kopensuiitnuii aHaii3 BIUIUBY
KJIIMaTHYHUX, TEOXIMIYHHAX Ta O10JIOTIYHUX YHHHUKIB Ha T1IPpOXiMIdHUH ckiaf piuku TpyOixk. [lpodoremu
Ximii ma cmanozo possumxy, 4, 77-82, doi: https://doi.org/10.32782/pcsd-2024-4-10

KOPEJIAINIMHUM AHAJI3 BIIJINBY KJIIMATUYHUX I BIOJIOTTYHUX
YUHHMUKIB HA I'l IPOXIMIYHI ITOKA3ZHUKH
3ATAJIBHOT'O EKOJIOTTYHOI'O CTAHY PIYKH TPYBIK

Y ecmammi posenaoaemvca numanus KOperyiiHo20 aHAi3y GNAUEY 308HIUHIX YUHHUKIG HA 2I0POXIMIUHULL CKAO piu-
ku Tpybisc, 6 ymosax ypoanizosanoeo cepedosuya, 8 mexcax micma Ilepescias. Memoro pobomu € docniodcenus Kope-
JAYIIHOL 3aN1eHCHOCTNT MIdC KAIMAMUYHUMY Ma 0I0N02TYHUMU YUHHUKAMU, BUAGTEHHS KIIOUOBUX (DAKMOPI8, Wo 6U3HA-
yaiomyv 8apiayiliny ckiadosy 2iopoximiunux nokasHuxie. Peanizosano komniekcnull nioxio 00 ananisy, wjo nepedbavas
3ACMOCY8AHHST HUBKU AHATIMUYHUX Memo0di8, KLIbKicHo2o ananizy. /[ns oyinku skocmi nogepxuesux 600 piuku Tpyoidc
0Y110 8UKOPUCIANO. TIO0OMemMPUYHe MUMPYSaHHA 3a BinKiepom 01 KilbKiCHO20 6U3HAYEHHS BMICHTY PO3YUHEHO20 KUCHIO,
nepmManeaHamua okucHosanicms 3a Kybenem 0nia ananisy KoHyeHmpayiti Op2aHiyHux CnoayK, apeenmomempis 3a Memo-
oom Mopa 051 gusHauennst pigHs X10puo-ionie, KOMNIEKCOHOMeMpUYHe MUmMpy8anHs OJisl OYIHKU 3a2a1bHOI meepoocmi
600U, KUCIOMHO-0CHOBHE MUMPYBAHHA 05 AHALIZY MUMYACO80I MEepOOCHi MA 3a2aAbHOI KUCTONHOCHI, d MAKONC AKIC-
HUtl Memoo 07151 6CMAHOBNIeHHS KOnyenmpayii 3aniza. Bukopucmanna yux memoois 3abe3neyuno ompumanis ecebiunol
iHgopmayii npo ximiunutl ckaao i axicmsv 600u piuxu Tpyoisie. Y x00i nposedenns ananizy nogepxuesux 600 piuku Tpyoioc
OMPUMAHO HOBL HAYKOGL pe3yibmamu, SKi Cymmeeo pO3uwupIoioms ICHYIYL 3HAHHA 6 2aJly3i eKON02IYHO20 MOHIMOPUHSY
B0OHUX Pecypcis, Wo 00380IUL0 OMPUMATIU AKMYATbHI OAHT NPO 3MIHU 6 XIMIYHOMY CKAA0i 800U, WO 3YMOBIIOE HeoDXi0-
HICMb ocUumms 3ax00ig 0 ONMUMI3AYIl BNIUBY CLILCHKO2OCNOOAPCHKUX NPAKMUK MA NPOMUCTOBUX BUKUAIE HA 8000-
mix. Bemanosneno, wo nioguwenns KoHyeHmpayii enemMenmio cmumynoe aKmugHutl po3eumox (Himoniankmony, wo
3VYMOBNIOE 3MEHUEHHS KUCHEB020 PedCUMY Ma NO2ipuienHs yMo8 015 binbuiocmi 600HUX opeanizmis. 3agpixcosano asuuje
JIOKANI308aHO20 «YGIMIHHAY 600U, WO € THOUKAMOPOM MACOB8020 PO3GUMKY (DIMONIAHKMOHY HA NO8epXHi oootimu. 11i0-
MBEPOACEHO, WO AKICIMb NOBePXHEBUX 600 piuku Tpybixc niodacmvCs 3HAUHUM OIOMUNHUM MA AOLOMUYHUM YUHHUKAM.

Knrouosi cnosa: ciopoximis, exonoeist, MOHIMopune 008K, OIOMUYHI YUHHUKU, ADIOMUYHT YUHHUKU, NOBEPXHEBT BOOU.

Relevance. The study of the quality of surface  Limitations to the Ecological Status of European
water is one of the key tasks of environmental  Surface Waters” (Posthuma, Zijp, De Zwart, et al.,
monitoring in the context of modern anthropogenic ~ 2020), the authors address the problem of chemi-
pressure. An integrated approach allows us to iden-  cal pollution of surface waters within an integrated
tify patterns in water quality and assess the impact ~ approach, focusing on the need to develop rules
of biological productivity and climate change on  for the prevention, assessment, and management
the parameters under study. of water quality.

Analysis of Recent Research and Publica- The purpose of this work is to study the correla-
tions. An analysis of scientific research in the field  tion between climatic, geochemical, and biological
of water quality, particularly surface water, shows  factors and to identify the key factors that deter-
that researchers are increasingly paying attention  mine the variation component of hydrochemical
to the impact of anthropogenic factors on river  parameters.
ecosystems. In the project “Assessment of Water The ecological status of Ukraine’s small rivers
Quality in Urban Rivers” (Msabi N.Masunga, depends not only on the internal processes occur-
2018), the author conducted a comprehensive ring within the water bodies but also on the total
assessment of the quality of surface water in urban  catchment area. These rivers are key and sensi-
rivers, using various physical, chemical, and bio-  tive components of river systems, included in the
logical parameters for analysis and comparing overall hydrological cycle, and serve as a source
the results with established water quality stan-  of fresh water for various ecosystems and human
dards. In the article “Chemical Pollution Imposes  needs (Zahorodniuk, 2005).
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The general characterization of the water body
was formed based on an integral analysis aimed
at assessing anthropogenic factors affecting the
ecological state of water systems. This analysis
includes the determination of hydrological, geo-
logical, hydrobiological, and hydrochemical indi-
cators within the studied coastline (Khimko, Mere-
zhko, Babko, 2003).

A hydromelioration system with a total area of
33,400 hectares was constructed in the river flood-
plain. From an environmental perspective, this
two-way system is capable of altering the natural
hydrological regime and influencing the processes
of self-purification and biochemical composition.
The upper reaches of the main canal are humidi-
fied by transferring water from the Desna River,
facilitated by the presence of numerous hydraulic
structures (1,125, including 827 control gates).

According to morphometric and hydrological
indicators, the total length of the river is 113 km,
the drainage area is 4,700 km?, and the floodplain
is 500-600 m wide and reclaimed. The river width
is 3.5 km, and the depth is 10 m. The riverbed is
slightly sinuous, canalized, and regulated down-
stream, except for the estuarine areas. Its average
width is 15 m, with a slope of 0.25 m/km (Koval-
chuk, 1997).

The overall forest cover of the Trubizh River
basin is 9.7 %, demonstrating a reduced probabil-
ity of floods within the water body. The share of
plowed land and agricultural activity is 14% and
55.6 %, respectively, indicating significant anthro-
pogenic impact on the basin and forming a potential
cause of eutrophication observed at the site, partic-
ularly due to the use of agrochemicals and intensive
farming methods. Within the water body, the con-
servation of natural landscapes remains high, fluc-
tuating at 79.9 %, indicating favorable conditions
for maintaining biodiversity (Kovalchuk, 1997).

Taking into account the specifics of the study,
attention is focused on the indicator of river flow
utilization as a means of determining potential abi-
otic factors of influence. The actual use of river run-
off is very high and ranges from 66 %, reflecting the
total volume of water withdrawn from the river for
various needs. Based on the actual use, we derive
the criterion of irreversible water consumption,
which is 56.8 % and is very high. The amount of
water discharged into the river network with resid-
ual impurities as a product of various human activ-
ities is 1.7 % (Kravchenko, 2015).

According to the macrophyte indicators com-
mon within the studied shoreline, the trophic sta-
tus of the reservoir is meso-eutrophic. This type of
reservoir is characterized by high biological activ-
ity and rapid reproduction of aquatic vegetation,
which can further accelerate eutrophication.

Based on the identified species diversity of
air-water plants, including Carex riparia, Sagit-
taria sagittifolia, Typha latifolia, and Phragmites
australis, it can be concluded that the reservoir is
swampy and partially shallow (Kotsur, Dzhuran,
Fedoronchuk, Shevera, 2010).

In the context of hydrochemical monitoring of
surface waters conducted in the winter-autumn
period of 2024, indicators were obtained that made
it possible to assess the risks of eutrophication of
the reservoir.

The phenomenon of eutrophication is based
on the enrichment of a water body with nutrients,
resulting in a rapid increase in the primary pro-
duction of organic matter due to photosynthesis
of algae and macrophytes. There is a direct cor-
relation between the ability of algae to accumulate
nutrients and the potential for massive develop-
ment. Additional accumulation of these elements
in the water column can increase as a result of
autochthonous and allochthonous processes. The
comprehensive study focuses on allochthonous
sources of anthropogenic eutrophication by urban
type (Romanenko, 2001).

The maximum value of dissolved O: is reached
in the first quarter of 2024 at the research site Ne 3,
which is due to the lower temperature regime and
minimal biological activity of hydrobionts. The
measured values at sites Ne 1 and Ne 2 indicate a
significant level of water saturation. The activa-
tion of biological processes and the increase in

Table 1
Ecological and physiological classification
by Hams
Type Latin species name
Free-floating Neuston .
unrooted species Lemna minor
Rooted plants Elodeids Elodea canadensis
Potamogeton lucens
Valisneriidae | Sagittaria sagittifolia
Nymphaeids Nuphar lutea
Lineidae Phragmites australis
Typha angustifolia
Carex riparia
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Table 2
Chemical composition of surface waters of the Trubizh River
. |5 |8 |8 |- |5 |&B |8 |. |5 |E |&
Sl l5al5 8l |5alE 85,5
. Units of PR A R R N ER R R R - R
Indicator measurement | 2 | oo | Z2 8323|5353 /1531 2313353/ °3
o

-S| =K |ES|28|SS|=8|ES|28| S |=8|Eg |28

Experimental site Ne 1 Experimental site Ne 2 Experimental site Ne 3

Concentration mg/dm® | 82 | 75 | 54 [ 505 88 | 89 | 7,5 | 69 | 11,1 | 925|805 | 7.5

of dissolved O,
Seasonal satration % 70 | 70 | 60 | 60 | 70 | 70 | 70 | 70 | 80 | 70 | 80 | 70
of water with O,
Permanganate 0,/dm? 99 [912]10,1| 89 |825| 9,2 [855| 84 | 65 | 82 621 5
oxidizability

Chloride ions mg/dm? 63,51 67,3 | 72,2 | 62,7 | 43,1 | 68,1 | 50,3 | 60,2 | 32,1 | 36,0 | 46,1 | 33,8
Total hardness mmol/dm? 2,8 12,05 3 26 | 26 [ 1,04 24 | 191 | 14 |2,05] 1,52 1,53
Temporary hardness mmol/dm? 2,2 1,9 | 0,8 1,2 | 1,26 | 0,75 | 0,63 | 0,8 | 0,84 | 0,8 | 0,71 | 0,6
Ca? and Mg** content | mmol/dm? 0,6 | 0,15| 2,2 14 | 1,341029| 1,77 | 1,4 | 0,56 | 1,25 | 0,81 | 0,93
Total acidity mmol/dm? 6,3 6,6 42 3,7 4,1 53 3,2 2,2 3,5 2,8 3,01 | 2,6
Total iron mg/dm? 0,1 0,1 1025|0251 005]| 0,1 [0,251]0,251 0,051 0,05| 0,1 0,1

temperature in spring lead to a decrease in oxygen
concentration at all sites of the water body. The
highest level is maintained at the research site Ne 3.

For more specific indicators of the dynamics of
surface water aeration, we determined the percent-
age of O, saturation in each quarter, which allowed
us to determine the cyclicity of this parameter and
its dependence on the ambient temperature.

Based on the data obtained, it was found that in
the first and second quarters of 2024, a stable level
of oxygen saturation was established at 70 %, which
is classified as moderately polluted water. This
indicator suggests an insufficient level of oxygen in
winter and spring. A reduction in saturation to 60 %
contributes to the intensification of biological pro-
cesses during the warmer periods of the year, lead-
ing to a transition from moderately polluted to pol-
luted water quality. Throughout the entire period,
experimental site Ne 2 maintains a stable 70 %
indicator, regardless of seasonal changes, indicat-
ing constant moderate water pollution. Seasonal
fluctuations between 70 % and 80 % are observed
at site Ne 3, ranging from moderately clean to clean,
which is typical for the warmer periods of the year.

The analysis of permanganate oxidation indica-
tors at the three experimental sites obtained in 2024
demonstrates seasonal variations associated with
changes in the content of organic matter in the water.
The highest values of organic matter concentration
at site Ne 1 (from 8.9 to 10.1 mg O,/dm’) indicate
more intense organic pollution compared to other
sites, especially in the summer and autumn. Site Ne 2

shows more stable values (8.25-9.2 mg O_/dm’),
with peak values in the spring, which may indicate
active biological processes during this time. Site
Ne 3 has the lowest values (6.21-8.2 mg O,/dm’),
indicating relatively clean conditions with a notice-
able decrease in organic load during the summer.

The variation in the concentration of indica-
tors and seasonal factors suggests local sources of
pollution. Among the seasonal factors, changes in
the temperature regime were taken into account.
A general analysis of the indicator shows that at Site
1, the concentration of chloride ions varies from
63.57 mg/dm’ to 72.2 mg/dm?, which is the highest
among the other sites. The fluctuations in concen-
trations from 68.06 mg/dm? to 60.26 mg/dm? at Site
Ne 2 can be attributed to wastewater discharge and
the washing of highway products into the water
column during winter and spring. The lowest con-
centrations of chloride ions were found at Site Ne 3
(control), with a minimum value in the first quarter
(32.12 mg/dm®) and a slight increase throughout
the year.

Monitoring of the total acidity indicator, as
a component of a comprehensive assessment, is
based on key acid hydrochemical parameters that
characterize the buffering capacity of surface waters
to withstand changes in pH under the influence of
various environmental factors. The total acidity of
water determined in 2024 demonstrates significant
fluctuations depending on the study site and season.

The concentration of total iron was determined
by qualitative analysis according to the generally
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accepted methodology, with the indicator at all
sites fluctuating within the normal range, up to
0.3 mg/dm°.

The accumulation of iron in the water sam-
ples of site Ne 1 indicates an increased impact
of biotic and abiotic factors on the aquatic envi-
ronment. The value varied from 0.1 mg/dm® in
the first and second quarters to 0.25 mg/dm’ in
the third and fourth quarters. At the experimental
site No 2, we observe an increase in the indicator
from 0.05 mg/dm’ to 0.25 mg/dm°.

This upward trend clearly demonstrates the
impact of local pollution sources, which are active
during the warm season. Stable conditions are
observed at experimental site Ne 3, where the indi-
cator does not exceed 0.1 mg/dm?>.

The zone of ecological impact from allochtho-
nous sources of anthropogenic eutrophication of
the urban type extends to a distance of 1,000 meters
from the wastewater discharge site. This zone is
characterized by changes in hydrochemical parame-
ters and intensified eutrophication processes, which
threaten the biodiversity of the aquatic environment.

A study of the ionic composition of the Trubizh
River surface water conducted in the winter and
autumn of 2024 revealed a correlation between sea-
sonal changes in hydrochemical parameters and the
level of anthropogenic impact. There are significant
variations in the concentration of oxygen, chloride
ions, organic compounds, and total acidity, indi-
cating the influence of local sources of pollution,
particularly agricultural activities and wastewater.
Experimental site No. 3 demonstrates the most sta-
ble indicators due to limited anthropogenic impact.

The most intense eutrophication and accumu-
lation of organic matter are observed at site No. 1,
due to the high level of nutrient discharge.

Further research will contribute to improving
the overall ecological condition of the river section
located within the city of Pereyaslav. It is recom-
mended to introduce comprehensive monitoring,
optimize wastewater treatment systems, raise envi-
ronmental awareness among the population, use
modern technologies for monitoring, and draw the
attention of international organizations to the prob-
lem of preserving the water body.
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