mian Chem“
ST G/

X, Journal of
: the Serbian
Chemical Society

JSCS@tmf.bg.ac.rs « www.shd.org.rs/JSCS
J. Serb. Chem. Soc. 91 (0) 1-13 (2026) Original scientific paper
JSCS-13203 Published 6 Feb 2026

Temporal and spatial distribution of physicochemical
parameters and water quality indices in an oligotrophic
dam lake: A case of Maksutlu Dam Lake, Sivas, Tiirkiye

MENEKSE TAS DIVRIK!* and RUTKAY ATUN?2

ISivas Cumhuriyet University, Sarkisla Asik Veysel Vocational School, Sarkisla, 58400, Sivas,
Tiirkiye and 2Sivas Cumhuriyet University, Faculty of Engineering, Department of Geomatics
Engineering, 58140, Sivas, Tiirkiye

(Received 7 January, revised 3 February, accepted 11 April 2025)

Abstract: This study was conducted at three selected stations in Maksutlu Dam
Lake (Sarkisla, Sivas), covering both the dry season (August 2023) and the rainy
season (May 2024). Water samples were collected from the lake and a total of
18 physicochemical parameters were analyzed. The eutrophication index (ET),
organic pollution index (OPI) and nutrient pollution index (NPI) values were
calculated for both seasons based on the physicochemical parameters of the lake
water. Additionally, a Geographic Information System (GIS) was used to show the
seasonal variation in index values. Bray—Curtis and Pearson correlation analyses
were applied to the physicochemical parameters of the water. As a result, it was
found that both the physicochemical parameters and water quality indices of the
lake exhibited seasonal variation. Phosphate pollution was detected in the lake
and it was found that the lake may be oligotrophic in terms of NO5 and Mg
values. Several suggestions were also made for the sustainable management of
the dam lake.

Keywords: geographic information system; reservoir; organic pollution index.

INTRODUCTION

Dam lakes are aquatic ecosystems formed by the accumulation of water in
large areas behind embankments, created by building a dike across a river valley,
typically at its narrowest point. While dam lakes were once the primary sources of
drinking water and agricultural irrigation, they now play a significant role in act-
ivities such as energy production, transportation, industry and tourism. Dam lakes
are also crucial structures for flood protection. Acidification, eutrophication, and
various changes in hydrology and geomorphology are the primary pressures affect-
ing the integrity of these lakes.2

* Corresponding author. E-mail: menekse.tas@cumhuriyet.edu.tr
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The excessive input of plant nutrients, particularly nitrogen and phosphorus,
into lakes promotes the growth of organic matter, algae, periphyton and macro-
phytes, leading to eutrophication. This growth results in changes to aquatic org-
anisms and water quality.3 As a consequence of eutrophication, decreases in dis-
solved oxygen levels can lead to hypoxia and toxic algal blooms.3

Human activities, including domestic and industrial wastewater discharge and
agricultural runoff, contribute to the physical, chemical, and biological pollution
of freshwater resources, leading to the deterioration of water quality. This situation
also limits the use of freshwater resources for various purposes.* Additionally,
intensive and excessive use of these resources can harm both the environment and
the organisms that depend on them.

Sivas Province is located in the central part of the Anatolian Peninsula, in the
Upper Kizilirmak section of the Central Anatolia Region. The province, with an
average altitude of over 1,000 m, exhibits continental climate characteristics. Sum-
mers are very hot, dry and short, while winters are cold, long and snowy. There are
15 dam lakes in Sivas Province, used for irrigation, energy production and drinking
water. In the Sarkisla district, there are three dam lakes: Maksutlu, Yapialtin and
Kanak. Kanak Dam was built to meet the drinking and utility water needs in Sar-
kisla and to irrigate agricultural lands. Maksutlu and Yapialtin dams are primarily
used for irrigation. Recreation and picnic areas are located around Maksutlu Dam
Lake, which is situated close to the Sarkisla district center.>

There are few studies on the dam lakes in Sarkisla.®” One study evaluated
both the physicochemical data and benthic macroinvertebrates of Kanak Dam Lake
by sampling water and benthos monthly for one year.® Another study compared
the filling rates of Maksutlu Dam Lake between 2010 and 2019.7 It emphasized
that there were decreases in the filling rates of the dam due to drought and that the
dam lake should be used rationally. The study also reported that necessary meas-
ures should be taken to address the water crisis that may occur during dry periods
and that a water management plan should be prepared for Maksutlu Dam Lake.

This study examined certain physicochemical parameters during both the dry
and rainy periods of Maksutlu Dam Lake, which has not been studied in detail
before. First, water quality values were determined according to various criteria.8%
Second, three different water quality indices were applied to the physicochemical
parameters. Third, the spatial distribution of the index values across the dam lake
was mapped using the IDW interpolation method. Fourth, the relationships between
the physicochemical data were investigated using various statistical methods. Fin-
ally, several recommendations were made for the sustainable use of the dam lake.

EXPERIMENTAL

Details related to the sampling locations are given in the Supplementary material to this
paper.
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The research was conducted through both field and laboratory work. During the fieldwork,
water temperature was measured using a simple thermometer (°C), electrical conductivity (EC)
was measured with a conductivity meter (uS cm!), pH was determined using a pH meter and
total dissolved solids (TDS) were measured with a portable device (ppm). For the measurement
of other physicochemical parameters (DO, BOD5, COD, Cl, salinity, Ca, Mg, total hardness
(TH), NO,, NO,, NH,-N, SO,, PO,), water samples were collected using a Ruttner water
sampler and transferred to the laboratory in 2-L dark glass bottles.

The water samples brought to the laboratory were prepared for analysis without delay.
Classical titrimetric and spectrophotometric methods were used for this purpose.!? The quality
of the water samples was determined according to specific criteria.-?

All statistical data were analyzed using Microsoft Office Excel 20 (LogBase10) and SPSS
9.0 software to reveal the similarity between stations and physicochemical parameters.!! The
relationship between physicochemical parameters was examined using Pearson correlation ana-
lysis conducted in IBM SPSS Statistics, version 27.12

Water quality indices

The EI is used to evaluate the trophic conditions of the surface water body. COD, dissolved
inorganic nitrogen (DIN / mg L"), and dissolved inorganic phosphorus (DIP / mg L) are used
to calculate the EI values, which are computed using the formula below. An E7 value less than
1 indicates the absence of eutrophication, while a value of 1 or greater indicates the presence of
eutrophication:3:13

BT =106 COD x DIN x DIP 0
4500

OPI is used to assess the organic pollution status of surface water resources. COD, DIN,
DIP, DO and their standard concentration values are used to calculate the OPI. The standard
concentration values of CODg, DINg, DIPg and DOg were taken from the references in the
previous study.®13 The value obtained from the formula was evaluated as follows. <0: Excellent
water quality, 0—1: good water quality, 1-2: water starting to be polluted, 2-3: lightly polluted
water, 3—4: moderately polluted water, >4: heavily polluted water.13:1% OPI values were cal-

culated using the following formula:

COD DIN DIP DO

OPI = + + + 2)
CODgy DINg DIRy DOq

The NPI values of the dam lake were calculated using the NO; and PO, parameters in
surface water sources. These values were calculated using the following formula. The obtained
value categorizes the pollution levels as follows. <1: no pollution, 1-3: moderately polluted, 3—6:
significantly polluted, >6: very high pollution.!®!> The NO;-N maximum limit (mg L) is
referred to as MACy;, and the PO,-P maximum limit (mg L) is referred to as MACp, with values
taken from the criteria:!3
Cn . Cp
MACy MACp

NPI = 3)

The IDW interpolation technique was used to show the spatial distribution of index values
on the dam. In IDW interpolation, the distances between the data points are first calculated for
estimation. Then, weight values are determined based on the distance of each data point. Finally,
the predicted value at a specific location is calculated by taking the weighted average of the
points with known locations. 6 In the formula, Z(x) represents the predicted value; Z(x;) represents
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the values of known points in the environment; w; is the weight of each point; and N represents
the number of points in the environment:

>V WZ(x;)
Z,’A; Zw,
RESULTS AND DISCUSSION

The water quality classes, based on physicochemical data and the average
values obtained from sampling in Maksutlu Dam Lake during the dry and rainy
seasons, are given in Table 1.8,

Z(x) = “4)

TABLE 1. Water parameters and mean values of Maksutlu Dam Lake in dry and rainy seasons.
Min: Minimum; Max; Maximum; Ave: Average; WT: water temperature; EC: electrical
conductivity; DO: dissolved oxygen; BODjs: biological oxygen demand; COD: chemical oxy-
gen demand; 7DS: total dissolved solids; 7:SS: total suspend solid; Cl: chloride; Ca: Calcium;
Mg: magnesium; TH: total hardness; NOj: nitrate nitrogen; NO,: nitrite nitrogen; NHy-N:
ammonium nitrogen; POy: phosphate; SO,: sulfate

Dry season Rainy season
Parameter Unit Station Min-Max  Ave Class
1 2 3 1 2 3

wT °C 325 322 34 193 183 18 18-34 25.7 I
EC 384 268 344 573 495 513 268-573 4295 Tand Il
pH 823 856 7.86 801 831 791 7.86-856 8.15 II
DO mgL! 437 476 3.04 723 780 6.66 3.04-780 564 1
BODs mgL! 323 254 423 102 1501 9.78 9.78-423 225 I
CoD mgL! 548 355 552 145 18 142 142-552 32.03 Iand Il
7SS mgL! 120 360 210 105 318 165 105-360 213

DS ppm 176 268 167 286 247 256 167-286 2333 I
Cl mg L1 38.98 41.98 39.98 29.99 26.99 31.99 26.99-41.98 34.99 Iand Il
Salinity % 002 0.01 0.03 002 003 0.03 0.01-0.03 0.02

Ca mg L 2645 24.08 20.04 101 48 70 20.04-101 48.26

Mg mgL! 341 269 238 296 133 199 1.33-341 246

78 FS° 124 13 106 0.8 1 1.2 1-12.4 6.50

NO; mg L 1650 21.27 16.50 44 47.90 53.51 16.50-53.5 33.28 Iand Il
NO, mgL! 0 0 0.023 002 002 0 0-0.023 0.01 I
NHy-N mg LT 0.013 0.019 0.017 0.044 0.012 0.008 0.008-0.04 0.02 I
PO, mgL! 0.19 032 1.56 1.245 0.023 1.305 0.023-1.56 0.77

SO, mgL! 557 11.56 595 9.89 10.33 1039 5.57-11.56 8.95 I

Water temperature is a highly effective factor on biotic components in aquatic
ecosystems. It plays an important role in reproduction, nutrition, and metabolic
activities. Increase in temperature increases the rate of biological activity and dec-
reases oxygen saturation.!7 It was observed that the water temperature values of
the dam lake vary seasonally. During the dry season sampling, an increase in both
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air and water temperatures was noted. The average water temperature placed the
lake in class I water quality.

The EC value is an indicator of the total amount of dissolved substances in
water. EC values vary depending on the geological structure and the amount of
precipitation. It was found that the EI values of the lake water were higher in the
rainy season (Table I). The primary reason for this is the significant outflow into
the lake during the rainy season. During this period, a large amount of material
from outside the lake is transported into it by rain or snowmelt. The average E/
values were found to range between Class I and Class II water quality.8 The pH
value is an indicator of water acidity.!® When the average pH value of the dam
lake was analyzed, it was determined that the water quality was Class I1.8 It can be
concluded that the lake water exhibits basic properties.

The solubility of oxygen in water is inversely proportional to temperature.
Additionally, a wavy lake surface and high moisture content increase the solubility
of oxygen. As the salt concentration in the water increases, the amount of dissolved
oxygen decreases.!? It was observed that the DO values of the lake varied signif-
icantly between the dry and rainy periods. During the dry season, the water tem-
perature increased due to heat, and the lake water evaporated. As a result, the DO
values were found to be quite low in the dry season. However, during the rainy
season, the water level of the lake increased due to rainfall, which in turn increased
the DO. In terms of DO, it was determined that the lake water fell under Class 111
water quality. BODs is defined as the amount of oxygen required by bacteria to
break down organic matter under aerobic conditions.20 Based on the average
BODs, the dam lake was classified as Class III water quality. COD is the amount
of oxygen required for the breakdown of chemical compounds. The COD value is
inversely proportional to the DO. COD values are generally higher than BODs
values because COD measures the total organic matter present in a water sample,
while BODs only indicates the amount of biodegradable organic matter.2! In this
study, COD values were higher than BODs values, supporting the findings in the
literature. It was determined that the lake waters were classified as between Class
I and Class II water quality based on the average COD.

Knowing the total amount of soluble substances or minerals in natural waters
is an important parameter for defining the chemical composition of water. It also
provides general information about the bottom structure, which contributes to the
productivity of the water.20 The TDS originate from agricultural runoff, industrial
wastewater, natural sources, and domestic activities. The main ions that contribute
to the 7DS include bicarbonates, carbonates, sulfates, chlorides, nitrates, mag-
nesium, sodium, potassium, calcium and others. In addition, silt, clay, small org-
anic particles, inorganic substances, soluble organic compounds, plankton and
other microscopic organisms also contribute to the 7DS.
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The Cl is an important component of all natural waters and is generally found
in low concentrations. High concentrations indicate that salinity and EC values are
also high.22 Based on the average CI values, the lake water was found to fall
between Class I and Class II water quality.

The Ca is one of the most abundant elements in natural waters.2324 The source
of Ca ions in water comes from calcium carbonate and calcium sulfate minerals.
Therefore, Ca can be found in waters at varying concentrations. The Ca is the most
important ion contributing to water hardness.2> According to some researchers,
water is classified as soft if Ca is less than 10 mg L-!, moderately hard if it ranges
from 20-25 mg L-!, and hard if it exceeds 25 mg L~1.20 In this study, the average
value was found to be 48.26 mg L-1. Since the lithological structure of the study
area consists of volcanic formations, the concentration of Ca ions may be high.
This elevated value indicates that the lake has very hard water.

The Mg is one of the ions that contribute to the hardness of water. Since Mg
is present in the composition of chlorophyll, it is vital for chlorophyllous plants. It
also regulates phosphorus metabolism in algae, fungi and bacteria. Low Mg levels
in lakes significantly affect phytoplankton productivity, resulting in the lake acquiring
oligotrophic characteristics.26 Mg concentrations in natural waters typically range
between 10-50 mg L-1.17 The average Mg value in this study was found to be 2.46
mg L1,

The nitrates are the most common mineral form of nitrogen in oxygen-rich
waters and is an important factor that can either limit or promote algal growth. It
is found in trace amounts in surface waters. The amount of nitrogen is low in oli-
gotrophic waters and quite high in eutrophic waters. NO3-N, an essential element
for the intensive development of phytoplankton, is typically found in waters at
concentrations between 1-10 mg L-1. It was determined that the lake water falls
between Class [ and Class Il water quality in terms of the average NO3-N value.
The NO; is an intermediate product in the biological oxidation of ammonium to
nitrate. The concentration of NO, is generally low in natural waters but can reach
high levels in areas with organic pollution and low oxygen levels.20 In this study,
it was found that the average NO,-N values of the lake were classified as Class I
water quality. In clean and oxygenated waters, NH4 compounds are found at very
low levels. NHy is a waste product of aquatic organisms and is reabsorbed by other
organisms.!? Many algae and higher plants can directly take up NH4. Generally,
NHy levels should be 1 mg L-! or less. Based on this parameter, the water quality
was considered Class .12

It has been reported that productivity is high in waters with PO4 content
between 0.15 and 0.30 mg L1, but when the PO4 content exceeds 0.30 mg L1, the
water is considered polluted. When the phosphate level exceeds 0.50 mg L1, the
water shows excessive pollution and causes eutrophication.23 Waters with a total
phosphorus concentration of 20 pg L~! or higher are considered eutrophic.2”
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The SOy is an ion that must be present in natural waters to enhance biological
efficiency. If its concentration is insufficient, phytoplankton development is inhib-
ited and plant growth slows down. SO4 values in natural lakes typically range from
3 to 30 mg L1.28 An increase in SO4 concentrations in aquatic environments,
caused by various industrial wastes, agricultural runoff, and domestic effluents, is
an indicator of pollution. SO4 levels greater than 250 mg L1 signify serious con-
tamination.23 It was found that the lake had Class I water quality based on the
average SO4 concentration.

Pearson correlation analysis was applied to the physicochemical parameters
of lake water that show a normal distribution. According to the Pearson correlation
analysis with WT, very strong positive correlations were observed between BODs,
COD and chloride CI. A positive correlation was found between 7DS and NO3 and
sulfate SO4. Since NO3 and SOg4 are ions that form part of salts, the of 7DS in
water increases as they dissolve. A negative correlation was found between BODs5
and 7DS and SOy in relation to WT and NOs3. Additionally, a general relationship
was observed between SOy, WT, BODs and COD. The correlation coefficients
from the Pearson correlation analysis are presented in Table II.

TABLE II. Pearson correlation analysis and correlation coefficients. WT: water temperature;
BODs: biological oxygen demand; COD: chemical oxygen demand; 7DS: total dissolved solids;
ClI: chloride; SO4: sulphate; NOj: nitrate; *: correlation is significant at 0.01 level (p < 0.01);
**: correlation is significant at 0.01 level (2-tailed). —: indicating that no statistically significant
correlation was detected

wT BOD; coD DS cl SO, NO;,
wT 1
BOD; 0.923" 1
CcoD 0.941"" 0.962" 1
DS ~0.676 ~0.835* -0.878" 1
cl 0.943" 0.777 0.813" ~0.498 1
SO, ~0.582 ~0.768 ~0.808  0.927"°  —0.390 1
NO, ~0.988™  -0.930™"  -0.948""  0.682  -0.895° 0.627 |

The EI, OPI and NP index values of the dam lake were calculated (Table III)
using the formulas provided above. When evaluating the E/ values in terms of
stations, they were ranked as 1 < 2 < 3 during the dry season and 2 < 1 <3 during
the rainy season. The OP/ values were also ranked as 1 <2 < 3 in the dry season
and 2 < 1 <3 in the rainy season. For the NP/ values, the ranking was 2 <1 <3 in
both the dry and rainy seasons. The lowest £l value was observed at station 2
during the rainy season (326), while the highest £/ value was recorded at station 3
during the dry season (23122). The lowest OPI value was found at station 2 during
the rainy season (3.29), while the highest value was observed at station 3 during
the dry season (13.16). The lowest NP/ value was recorded at station 1 during the
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dry season, while the highest value was found at station 3 during the rainy season.
Water quality index values are presented in Table III.

TABLE IV. Water quality index values (E1, OPI and NPI) of stations in the dry and rainy seasons

. Dry season Rainy season
Station
EI OPI NPI El OPI NPI
1 2835 4.05 2.48 1311 3.62 11.42
2 3981 441 1.70 326 3.29 3.75
3 23122 13.16 12.63 16307 12.03 12.53

The Bray—Curtis similarity dendrogram for the stations is presented in Fig. 2.
This dendrogram summarizes the similarity of physicochemical data between the
stations based on Bray—Curtis similarity analysis. The first and third stations
showed the highest similarity (91.60 %), while the second station had a lower sim-
ilarity to the other two stations (82.35 %).

&
T

0 50 wo Fig. 2. Bray—Curtis Similarity dendogram of stations.

Remote sensing methods, which have significantly increased in use in recent
years, can be employed to determine both water quality and pollution levels.28:29
In this study, maps showing the distribution of index values across stations were
created using a Geographic Information System (GIS). The index values for the
stations were generated using GIS, and the corresponding maps are presented in
Fig. 3. The spatial distribution of EI, OPI and NPI index values in dry and wet
seasons using the IDW method is also presented in Fig. 3.

In the dry season, EI values ranged from 2835 (low) to 23122 (high). Lower
values were observed in the western and southwestern parts of the map, particul-
arly near the 15t station, while higher values were concentrated around the center
and 31 station. This was due to a significant decrease in the lake’s water level
caused by evaporation from warming air, which resulted in high eutrophication
index values due to increased NO3 and POy4 concentrations. These elevated values
in the central regions may indicate the accumulation of nutrient loads, which could
contribute to eutrophication (Fig. 3a). During the rainy season, £/ values decreased
significantly, ranging from 326 (low) to 16307 (high). Although there was a gen-
eral decrease in EI values, high values were still observed around the 3¢ station.
This could be due to the dilution of nutrient enrichment caused by increased precip-
itation (Fig. 3b).
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In the dry season, OPI values ranged from 4.05 (low) to 13.16 (high). During
the rainy season, OPI values ranged from 3.29 (low) to 12.03 (high). While OPI
values generally decreased slightly compared to the dry season, the organic load
remained high in the central regions and around the 3td station (Fig. 3d). This
suggests that organic pollution persists even during wetter conditions, particularly
near the 314 station.

In the dry season, NPI values ranged from 1.705 (low) to 12.63 (high). High
NPI values were observed around the 31 station and some central areas, while the
region around the 1st station exhibited low values (Fig. 3¢). This indicates mod-
erate to high levels of pollution in the central areas, particularly near the 314 station.
In the rainy season, NP/ values varied between 3.75 (low) and 12.53 (high). The
NPI index generally increased across all areas during the rainy season (Fig. 3f),
possibly due to the dilution of pollutants and the introduction of additional runoff
from surrounding regions.

During the rainy season, OP/ the values range from 3.29 (low) to 12.03 (high).
Although the OPI values generally decreased slightly during the rainy season, the
organic load remains high in the center and 39 station (Fig. 3d). In the dry season,
the NPI index ranges from 1.705 (low) to 12.63 (high). The area around 319 station
and some parts of the center show high NPI values in the dry season. The area
around 15t station shows low values (Fig. 3¢). In the rainy season, the index varies
between 3.75 (low) and 12.53 (high). Accordingly, the NP/ seems to have gener-
ally increased in all areas during the rainy season (Fig. 3f). In addition, 34 station
has high values for all three indices, which is an indication that this area is a serious
impact zone. In summary, the effect of seasonal variations is evident at all stations.

In this study, seasonal changes in the physicochemical parameters of Maksutlu
Dam Lake were analyzed, and the application of pollution indices such as EI, OPI,
and NPI revealed varying levels of eutrophication, organic pollution, and nutrient
pollution across different seasons. As a result, while our study shows similarities
with some studies, it also reveals differences. Anthropogenic activities occurring
in water bodies lead to an increase in nutrient levels, reduce water quality and limit
its intended uses. Excessive nutrient input causes the overgrowth of aquatic plants,
which leads to algal blooms and a decrease in the oxygen content of the water.

CONCLUSION

In the present study, some physicochemical parameters of Maksutlu Dam
Lake were evaluated during both dry and rainy periods. According to the results,
the average values of WT, TDS, NO»-N, NH4-N, and SO4 were classified as Class
I water quality; the average values of EC, COD, Cl and NO3-N were found to fall
between Class I and Class Il water quality; the average pH value was classified as
Class II water quality; and the average values of DO and BODs were classified as
Class III water quality. The EI, OPI, and NPI index values were also evaluated for
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both seasons in the study. These index values were analyzed using GIS. In conclus-
ion, the NO3-N and Mg parameters, along with the water quality index values,
indicate that the lake may be oligotrophic. The findings obtained from the study
show that the dam lake is suitable for irrigation. It was also found that the lake is
under the influence of eutrophication, organic pollution and nutrient pollution. To
ensure the sustainability of the dam lake, two suggestions can be made below.

1) These and similar studies should be conducted periodically, and the phys-
icochemical, pesticide and toxicological content of the lake, as well as benthic
macroinvertebrates, should be examined and monitored comprehensively.

2) Satellite data and GIS should be utilized for large-scale monitoring of nut-
rient levels and eutrophication trends in water bodies. Monitoring water quality
with satellite data and GIS has been proven to secure the long-term biodiversity
and sustainability of water resources, as well as maintain ecosystem health.

SUPPLEMENTARY MATERIAL

Additional data and information are available electronically at the pages of journal web-
site: https://www.shd-pub.org.rs/index.php/JSCS/article/view/13203, or from the correspond-
ing author on request.

H3BOJ

BPEMEHCKA U [TPOCTOPHA OIUCTPUBYIIUJA ®UZUUKO-XEMUICKUX [TAPAMETAPA
U UHOEKCA KBAJIMTETA BOAE Y OJIMTOTPO®HOM BEIITAYKOM JE3EPY:
CJIYYAJ JE3EPA MAKCYTIIY, CUBAC, TYPCKA

MENEKSE TAS DiVRIK' u RUTKAY ATUN?

Sivas Cumhuriyet University, Sarkisla Asik Veysel Vocational School, Sarkisla, 58400, Sivas, Tiirkiye u
2Sivas Cumhuriyet University, Faculty of Engineering, Department of Geomatics Engineering, 58140,
Sivas, Tiirkiye

OsBa cTynuja je cipoBefieHa Ha TpH ozfiabpaHe craHule y jesepy Maxkcytiny Jam (Illapxu-
cna, CuBac), nokpuajyhu cyuHy cesony (aBryct 2023. rof.), kao U KMIIHY ce30Hy (Maj 2024.
roj.). M3 jesepa cy MpUKyIUbeHHU y30pLH BOJE, @ aHAJIM3UPAHO je YKYITHO 18 hU3NYK0o—XeMUjCKUX
napametapa. BpenHocty uHnekca eyrpoduxanuje (EI), nHpekca opraHckor 3arahemwa (OPI) u
WHAeKca 3arahema HyTpujeHTHMa (NPI), u3pauyHare cy 3a 00e ce30He Ha OCHOBY (DU3HUYKO—
—XeMH]jCKHX NapameTapa jesepcke Boge. [Toper Tora, kopuurheH je ['eorpadcku HHGOpMaLMOHU
cucrem (GIS) 3a mpukas ce30HCKHX BapHjalidja y BpegHocTUMa HHIekca. Ha dusnyko—xemujcke
napameTpe Bojie IpuMemeHe cy Bray—Curtis u Pearson kopenauuoHe aHanuse. Kao pesynrar
TOra, yTBpheHo je na U pU3NYKO—XEMUjCKH apaMeTPU U MHAEKCH KBaJIUTETa je3epCKe Boge
Nokasyjy CesoHCKe BapHjauuje. Y jesepy je netexkToBaHo docdaTHO 3arahewme U yCTaHOB/bEHO
je ma jesepo moxe dutu onurorpodHo y norneny cagpxaja NOz u Mg. JJaTo je ¥ HEKOJIUKO
IpEeJJIora 3a OOPKUBO YIIpaB/bamkbe BEIITAYKUM jE3EPOM KOje je HaCTaslo U3rpagmom dpaHe.

(ITpumbeHo 7. janyapa, peBuaupaHo 6. edpyapa, npuxsaheno 11. anpuna 2025)
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