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Aim. To process the methodological approaches to the monitoring of the content and migration of heavy metals in the
soils-melliferous plants-bees-beekeeping products system in 2022-2023 for the ecological assessment of biocenoses
in the territories which were affected by military operations. Methods. The first stage of the study was to measure
the content of zinc and lead in melliferous plants (inflorescences of buckwheat, sunflower, and various herbs), and
honey from three territories in the Cherkasy region. The second stage of the study covered the following apiar-
ies: NSC PI. Prokopovych Institute of Beekeeping (located in the village of Yaryshiv, Mohyliv-Podilsky district,
Vinnytsia region; the apiaries, located in the de-occupied territories: Kharkiv region, Chuhuiv district, Shestakove
village, and Chernihiv region, Novhorod-Siverskyi district; the apiaries located in the territories near the range of
military operations in Mykolaiv region, Bashtanka district, Novooleksandrivka village, and Sumy region, Lebedyn.
The selection of matrices to determine the content of volatile forms of heavy metals (HM) (soil, plants, pollen, bees,
and honey) was carried out three times in 5 apiaries in 2022-2023 (May, July, and August). Thirty soil samples were
taken along with 30 plant samples, 90 samples of pollen, bees, and honey each. Soil samples were taken using the
envelope method from a depth of 0-20 cm. In melliferous plants (a mixed sample of various herbs), the aerial part
was taken for the study of volatile forms of the HM content. Live bees were selected from three hives of each apiary,
from entrances (3035 bees from each) to jars. Prior to the analysis, the bees were stored in a freezer at a temperature
of =20 °C (Gutiérrez et al, 2015). Pollen collection in the studied apiaries was carried out with the help of a hinged
pollen catcher. Honey samples were taken from the frames; the honey was separated by filtration through gauze. We
conducted a quantitative analysis of the content and accumulation of volatile forms of HM (Fe, Cd, Cu, Ni, Pb, Zn) in
soil, melliferous plants, bees, bee pollen, and honey. Sample preparation was carried out by dry mineralization. The
content of volatile forms of heavy metals (iron, cadmium, copper, nickel, lead, and zinc) was determined by atomic
adsorption spectrophotometry. Results. In the first stage of the study, we determined the content of volatile forms of
heavy metals (Pb, Zn) in plants and honey on the territory of Cherkasy region (Right-Bank Forest-Steppe). Using the
data, obtained by chemical studies and the correlation and regression analysis, we developed statistical models for
predicting the content of heavy metals in plants, depending on their content in honey. In the second stage of the study,
we determined the content of volatile forms of heavy metals (Fe, Cd, Cu, Ni, Pb, Zn) in soil, melliferous plants, bees,
pollen, and honey in the biocenoses of the zones which had been affected by the military operations. Conclusions.
In soils of all the investigated territories (Kharkiv, Mykolayiv, Sumy, and Chernihiv regions), we determined an in-
creased level of heavy metals Fe, Cd, Cu, Ni, Pb, Zn, as compared to the control (Vinnytsia region). For instance, the
concentration of cadmium in the territory of Chernihiv region (1.13 + 0.28 mg/kg) exceeded MAC (1.0 mg/kg). The
concentration of lead in all the investigated territories did not exceed MAC (55.0 mg/kg). The exceedance in MAC of
the total form of lead (30 mg/kg) was registered in soil samples in Sumy region — 37.88 + 6.21 mg/kg. The content of
lead in Mykolayiv region exceeded that in the control 2.7 times. The content of iron in melliferous plants increased
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in all plant samples as compared to the control, 1-1.3 times respectively (p > 0.05). The highest values for cad-
mium content were found in Kharkiv region — 0.6 + 0.034 mg/kg, Mykolayiv region — 0.5 £+ 0.034 mg/kg, Chernihiv
region — 0.5 + 0.067 mg/kg, which exceeded the control values 1.7-2 times. High values were determined for a
share of copper in plants as compared to the control in Kharkiv region — 5 + 0.23 mg/kg and Mykolayiv region —
5.5 £ 0.21 mg/kg. Also, in Kharkiv region, the concentration of lead in the samples of entomophilous plants, collec-
ted on the territories near the apiary, exceeded the control indices 1.7 times. The data, obtained in five investigated
territories of Ukraine, reflect the increased level of concentration of heavy metals in the bodies of bees as compared
to the control. The highest concentration values of cadmium were registered in bee samples, collected from the
apiary in the Sumy region (1.83 + 0.03 mg/kg), and in the control — 0.50 + 0.17 mg/kg. The content of lead was high
in the samples from Kharkiv (10.77 = 1.08 mg/kg) and Sumy (14.45 + 0.89 mg/kg) regions; in the control, the lead
content was 4.94 + 0.54 mg/kg. The study of the accumulation of heavy metals in the bee pollen demonstrated the
highest concentrations of heavy metals in the territories of Kharkiv and Mykolayiv regions (iron, copper, nickel,
zinc), Sumy region (cadmium) as compared to the control. The highest copper content was found in the pollen samples
from Mykolayiv region 9.22 + 1.07 mg/kg (control — 0.79 + 0.36 mg/kg). The increased level of zinc content as com-
pared to the control (5.47 + 0.003 mg/kg) was registered in Kharkiv region (16.13 + 4.41 mg/kg ) and Mykolayiv re-
gion (17.69 + 1.96 mg/kg). The analysis of the concentrations of volatile forms of HM in honey samples demonstrated
that in Kharkiv region there was an exceedance of MAC (1.0 mg/kg) for lead — 1.13 = 0.12 mg/kg. The exceedance
of MAC for copper in honey samples (0.5 mg/kg) was noted for all the investigated territories except for the control
(0.11 £ 0.05 mg/kg). The exceedance of MAC for zinc in honey samples (5.0 mg/kg) was registered in Mykolayiv
region (9.25 £ 2.10 mg/kg), Sumy region (6.75 = 1.10 mg/kg), and Chernihiv region (6.60 + 0.90 mg/kg). Taking into
account the differences in ecologic and climatic conditions and the possible impact of numerous factors on the content
and migration of HM in the soils—melliferous plants—bees—beekeeping products, it would be reasonable to have ac-
tual parameters of the HM content in the samples for each investigated territory and to take the relevant management

conclusions based on them.
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INTRODUCTION

Environmental pollution is reaching dangerous
scales due to excessive man-induced load on the
agroecosystems. It leads to the impairment of the
ecological equilibrium and natural balance in bio-
geocenoses. A considerable impact in this process
is made by the excessive flux of contaminants of
chemical origin into the biosphere, which tend to
bioaccumulate in the food chain, thus posing a threat
to human health and reflecting an ecologic situa-
tion, notable for many countries, including Ukraine
(Shanker et al, 2005).

Some of the most dangerous pollutants of the bio-
sphere are heavy metals (Demura et al, 2013). These
chemical toxicants can penetrate the organism of ani-
mals via trophic chains, cause the impairment of me-
tabolism processes, inhibit their growth and develop-
ment, and may become a reason for the drop in the
safety and biological value of animal products, and, as
a result, for food poisoning in people.

Global anthropogenesis leads to changes in the qualita-
tive and quantitative redistribution of chemical elements
in the biosphere and their migration (Johnson, 2015).

AGRICULTURAL SCIENCE AND PRACTICE Vol. 10 No.3 2023

Due to the full-scale military invasion of Ukraine’s
territory, many toxicants, ammunition combustion pro-
ducts, residues of destroyed civil and military equip-
ment, infrastructure objects as well as fuel and lubri-
cant materials from the movement of heavy machinery
enter the environment; these pollutants penetrate the
environment and remain therein for a long time (De-
nisov et al, 2017). In addition, mobile forms of micro-
elements can migrate via the food chains of biological
organisms, posing an immediate threat to the popula-
tion’s health due to their toxicity, carcinogenicity, and
mutagenicity (Denisov et al, 2017). And polluted air
has no limits.

Forager bees and beekeeping products can be used to
detect chemical pollution of their environment while
studying different variants of impact that result in mor-
tality (if highly hazardous pesticides are used); physi-
ological, biochemical, or behavioral changes; reaction
of the population to the sublethal toxicity of the pol-
lutant (Dolores, 2018). It is known that the content of
polluting elements in the bodies of bees is impacted
by different factors, including the area of apiary and
its ecological state, reproduction ways of bee families,
age of working bees, physiological state, and health of
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individual bees and bee communities in general. Scien-
tists also specify that the concentration of heavy met-
als in the bodies of bees is also impacted by the terri-
tory of sample selection (Di Fiore, Nuzzo, 2022). An
especially relevant aspect of the study lies in the fact
that the primary source of heavy metals is anthropo-
genic activity (i.e. metallurgy, vehicles, road works,
agriculture, and consequences of a full-scale military
invasion) (Briffa et al, 2020). Therefore, the issues of
determining the content of heavy metals and control-
ling their content in the soils-plants-bees-beekeeping
products (honey) system are urgent for obtaining eco-
logically safe animal products and the creation of the
relevant monitoring system (Zhukorskyi, Atarshchyko-
va, 2023). We use the soils-plants-bees-beekeeping
products system for the purposes of bioindication of
the actual pollution with mobile forms of heavy metals
to search for ways of predicting the pollution of territo-
ries, including those close to the zone of active combat.

The aim of the study is to process the methodologi-
cal approaches to the monitoring of the content and
migration of heavy metals in the soils-plants-honey
plants-bees-beekeeping products system in 2022-2023
for the ecological assessment of biocenoses in the areas
affected by military operations.

MATERIALS AND METHODS

The first stage of the study was to measure the content
of heavy metals in honey plants and honey from three
territories in the Cherkasy region: the village of Novos-
elytsia, Katerynopil district, the village of Chervone,
Talne district, the village of Stebne, Zvenyhorodka
district. While investigating the territory of Cherkasy
region, we selected the inflorescence of buckwheat,
sunflower, and various herbs. Using the data obtained
by chemical studies and the correlation and regression
analysis, we developed mathematical models for pre-
dicting the content of heavy metals in plants, depend-
ing on their content in honey (Boltyk, 2014).

The second experimental stage, with the consideration
of the load on ecosystems in current conditions, was con-
ducted in the following apiaries: NSC P.I. Prokopovych
Institute of Beekeeping, located in the village of Yaryshiv,
Mohyliv-Podilsky district, Vinnytsia region; the apiaries,
situated in the de-occupied territories: Kharkiv region,
Chuhuiv district, Shestakove village, and Chernihiv re-
gion, Novhorod-Siversky district; the apiaries located
in the territory near the range of military operations in
Mykolaiv region, Bashtanka district, Novooleksandrivka
village, and Sumy region, Lebedyn, in 2022-2023.
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The apiaries were set far from large industrial cen-
ters, in the distance of 25-45 km, but in the immediate
vicinity of highways with heavy traffic (at a distance of
not more than 4 km). The apiary, located in Vinnytsia
region (Mohyliv-Podilsky district) at a distance of over
5 km from the highways, was accepted as a control for
the second stage of the study. This district was notable
for the relatively low intensity of anthropogenic load.
The conditions of apiary maintenance and the technol-
ogy of obtaining beekeeping products were identical in
all apiaries. The apiaries with the Ukrainian steppe spe-
cies of bees were chosen for the study (Grechka, 2013).

The selection of matrices to determine the content of
heavy metals (HM) (soil, plants, pollen, bees, and hon-
ey) was carried out three times in 5 apiaries in 2022—
2023 (May, July, and August). Five territories and five
apiaries were studied for two years. 30 soil samples
were taken along with 30 plant samples, 90 samples of
pollen, bees, and honey each. Soil samples were taken
using the envelope method from a depth of 0-20 cm.
The scheme of sample selection was the same for all
the territories. The total probe was well mixed, then the
soil was spread in a 1-cm-deep layer on the cardboard,
and the average probe was taken. To prepare for the
chemical analysis, the samples of the average probe of
soil were placed in a thin layer on a clean spreadsheet
and dried at ambient temperature to the frail state. The
division of the air-dried material was conducted to the
degree when soil could pass through the sieve with
I-mm-wide holes. The weight of the average soil probe
was 200 g. While collecting the weights, the probe was
thoroughly mixed once again to rule out the possibility
of particle fractionation by size and mass. In mellifer-
ous plants (a mixed sample of various herbs), the aerial
part was taken for the study of the HM content. The
plants were dried in the shadow until the permanent
weight was achieved. Live bees were selected from
three hives of each apiary, from entrances (30-35 bees
from each) to jars covered with gauze. Before the anal-
ysis, the bees were stored in a freezer at a temperature
of =20 °C (Gutiérrez et al, 2015). Pollen collection in
the studied apiaries was carried out with the help of
a hinged pollen catcher. The force of the family was
considered while setting hinged pollen catchers. Then
the collected pollen was put into trays of about 1—
1.5 cm and dried in the cabinet drier at 38—41 °C. Hon-
ey samples were taken from the frames. A 5 x 5 cm
piece of a honeycomb was cut out in the upper part
of the frame; the honey was separated by filtration
through gauze. For the analysis, honey was kept in
tightly closed glass jars at +5 °C.
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We conducted a quantitative analysis of the content
and accumulation of HM (Fe, Cd, Cu, Ni, Pb, Zn) in
soil, melliferous plants, bees, and beekeeping products
via atomic adsorption spectrophotometry. In our studies,
in particular in the territories close to the active combat
zone, we paid special attention to such HM as cadmium,
lead, and copper, because these HM penetrate natural
objects due to military operations (Sploditel et al, 2023).

Samples were prepared by dry mineralization. The
amount of heavy metals (iron, cadmium, copper, nick-
el, lead, and zinc) was determined by atomic adsorp-
tion spectrophotometry on Saturn-3 device (Alemaso-
va et al, 2008).

The digital data were processed using a standard
package of statistical programs Microsoft EXCEL
(Mulyk et al, 2023).

RESULTS OF INVESTIGATIONS

The first part of the study on the qualitative composi-
tion of the components in the plant-beekeeping prod-
ucts (honey) system was to analyze the data of three

apiaries in Cherkasy region. The results of the analysis
demonstrated that the content of the investigated ele-
ments — lead and zinc (Pb, Zn) in plants and honey was
registered in small amounts (Table 1).

Using the correlation and regression analysis, we devel-
oped mathematical models for the prediction of HM con-
tent in plants, depending on their content in honey (Fig. 1).

Based on the calculated regression equations, the
content of HM in plants can be evaluated by the for-
mulas: for lead Y = -0.0365 + 3.2561-X; for zinc Y =
3.6857 +12.3726-X, where Y — HM content in mellif-
erous plants, mg/kg, X — HM content in honey, mg/kg,
the coefficients were obtained after statistical process-
ing of the results of chemical studies. The correlation
coefficients (for Pbr=0.9914, Znr=0.9031) demon-
strate a high degree of closeness between the above-
mentioned values. The determination coefficients (for
lead > = 0.9829, zinc r* = 0.8156) explain 98.29 %,
81.56 % of the impact of the independent variable
(Y — HM content in honey plants) on the dependent

Table 1. The content of heavy metals in honey plants, apiaries, Cherkasy region

Place of sampling Species of Content of HM in honey plants, mg/kg Coefficient of data | Content of HM in
. . T
location melliferous plants Calculated Actual variation, % honey, mg/kg
Pb
Novoselytsia Buckwheat 0.22 0.22 £0.01 0.28 0.08 £0.02
Novoselytsia Various herbs 0.19 0.21£0.01 1.31 0.07 £0.02
Novoselytsia Sunflower 0.25 0.25+0.02 0.46 0.09 £ 0.004
Chervone Buckwheat 0.28 0.27 £0.04 1.35 0.1 +0.01
Chervone Various herbs 0.54 0.59 £0.04 2.86 0.18 £0.02
Chervone Sunflower 0.15 0.16 £0.01 0.08 0.06 £ 0.005
Stebne Buckwheat 0.32 0.29 +£0.02 2.24 0.11+£0.04
Stebne Various herbs 0.64 0.63 £0.03 1.22 0.21 £0.002
Stebne Sunflower 0.19 0.21£0.01 1.31 0.07 £ 0.004
Average coefficient of data variation 1.24
Zn
Novoselytsia Buckwheat 39.44 41.17 £ 3.58 1.22 2.56 £0.07
Novoselytsia Various herbs 39.44 45.87+2.79 4.54 3.54+0.14
Novoselytsia Sunflower 54.90 55.42+4.92 0.36 4.14+0.2
Chervone Buckwheat 35.35 32.08+0.9 2.32 2.56 £0.07
Chervone Various herbs 39.44 40.21 +3.89 0.54 2.89+£0.22
Chervone Sunflower 42.90 4229+39 0.44 3.17+£0.17
Stebne Buckwheat 33.00 32.79+£3.6 0.15 2.37+0.44
Stebne Various herbs 40.80 38.75+0.81 1.45 3.0+04
Stebne Sunflower 44.88 41.62+£2.24 2.31 3.33+0.02
Average coefficient of data variation 1.48
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variable (X — HM content in honey), respectively. All
the coefficients in the equation have a high degree of
reliability, since the possibility of the zero-hypothesis
p <0.05.

A low and unreliable correlation was noted in the
“honey-melliferous plant” chain for cadmium r =
= (.2726, for nickel r = 0.626, for copper r = 0.6207,
for cobalt r = 0.2706, for chromium r = 0.1591.

Using the estimated regression equations, we evaluated
the content of lead and zinc in melliferous plants and com-
pared them against the actual HM content (Fig. 2, 3).
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The suggested histograms (Fig. 2, 3) can be used to
evaluate the content of heavy metals (lead and zinc)
in the “melliferous plants-honey” system. The com-
parison of the estimated and actual HM content in mel-
liferous plants using the correlation coefficient gives
grounds for the assumption that the abovementioned
indices do not differ much, which demonstrates the
high efficiency of the elaborated statistical models in
determining the content of lead and zinc in melliferous
plants as compared to their known concentrations in
honey.
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Fig. 3. The difference between the actual and estimated content of zinc in melliferous plants, mg/kg (where indicator 1 — No-
voselytsia, 2 — Chervone, 3 — Stebne)

Having the data about the content of heavy metals 2022-2023. The results of the studies demonstrated
(Pb, Zn) in honey, we can compare their content in mel-  that the content of the investigated elements (iron, cad-
liferous plants on the territories where military opera-  mium, copper, nickel, lead, and zinc) was mainly with-
tions took place in 2022-2023. in the maximally allowable values (Dovhopola, 2016).

The second stage of the study on the quantitative The exception was found in the value of lead content in
composition of the components of the soils-plants-bees-  the samples of soil and melliferous plants (Table 2) in
beekeeping products (honey, pollen) was conducted in  territory No. 4 (Sumy region).

Table 2. The average content of heavy metals in the samples of soil and melliferous plants in 2022-2023 (mg/kg) in some
territories of Ukraine (M = s)

No Fe cd Cu Ni Pb Zn
of territory
Soil
1 1246.76 + 132.60 0.69 £0.11 3.85+0.15 12.52 +£0.66 13.56 £2.49 23.34+1.29
2 1996.62 + 154.97 * | 0.87 +0.03 8.58£2.90 3578 +£2.42%* | 2253 +1.99 * 29.2+£5.83
3 1701.72 +127.30 0.81+0.06 10.33+£2.24* | 1454+230 | 2526+2.66* | 82.33+£39.6
4 1966.71 £ 75.90 * 0.87+£0.03 9.87 +£3.69 26.73+8.22 | 37.88+6.21 * | 23.01 +5.83
5 1459.90 + 38.20 1.13+0.28 5.92 £2.64 22.48 £ 8.50 17.15+1.69 36.66 +7.53
MAC - 1.0 55.0 85.0 30.0 115.0
Melliferous plants
1 602.68 £27.78 0.29 £0.09 2.59+£0.41 4.28+0.26 535+£0.24 10.24 £0.78
2 767.02 £72.53 0.56+0.03* | 502+023* | 931+1.67* | 897+0.68* | 17.75+1.26*
3 686.03 £ 53.38 048 +£0.03* | 551+£021* | 7.27+0.96* 7.33+£0.85 19.54 £ 0.88 *
4 698.68 + 36.80 0.28 £0.11 454+£055* | 7,31£0,38*%* | 7.05+0.40* | 15.87+1.03 *
5 749.33 £ 78.48 0.47 £0.07 * 423+1.21 7.77 £2.57 6.06 £0.23 13.87£0.41 *

Note. *p < 0.05, **p <0.01; 1 — Vinnytsia (control), 2 — Kharkiv, 3 — Mykolayiv, 4 — Sumy, 5 — Chernihiv regions.
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The analysis of the HM concentration in soil demon-
strated that in the investigated territories 2 and 4, there
was a statistically significant difference in the data as
compared to the same indices in the control. The low-
est indices of iron content were notable for the soils
of territory 1. The concentration of cadmium content
in soil fluctuated, its highest parameters were notable
for territory 5 (1.13 £ 0.28 mg/kg) (p > 0.05), which
demonstrated the 1.6-fold exceedance of Cd concentra-
tion as compared to the control. High values of copper
concentration in soil were registered in territory 3 —
10.3 + 2.24 mg/kg (p < 0.05). The minimal concentra-
tion of copper as compared to the control was found in
soil samples, taken from territory 1 (Vinnytsia region,
control).

The exceedance of MAC of the total form of lead
(30 mg/kg) was registered in soil samples from terri-
tory 4 — 37.88 £ 6.21 mg/kg (p < 0.05). The content of
lead in territory 3 exceeded that in the control 2.7 times.
Thus, the data obtained demonstrate the increased con-
tent in soil for such pollutants as iron, cadmium, cop-
per, nickel, and lead as compared to the control and
manifest different degrees of soil pollution in the inves-
tigated territories.

While evaluating the accumulation of heavy met-
als in soil, one should consider the concentration of
these elements in other investigated objects of the
ecosystem. The analysis of the data about melliferous
plants, presented in Table 2, yields a conclusion that
the content of iron increased 1-1.3 times in all the
plant samples as compared to the control, respectively
(p > 0.05). The highest values for cadmium were
found in territory 2 — 0.6 = 0.034 mg/kg (p < 0.01),
territory 3 — 0.5 = 0.034 mg/kg (p < 0.05), territory
5—-0.5+0.067 mg/kg (p < 0.05) which exceeded the
control values 1.7-2 times.

High values, as compared to the control, were noted
for copper content in plants in territory 2 — 5 + 0.23
mg/kg (p < 0.01) and territory 3 — 5.5 + 0.21 mg/kg
(p<0.01). Also in the investigated region 2, the concen-
tration of lead in the samples of entomophilous plants,
collected on the territories near the apiary, exceeded the
control indices 1.7 times (p < 0.01). The study on the
character of the accumulation of heavy metals by plants
demonstrated the highest concentrations for such ele-
ments as zinc, lead, nickel, and copper.

The data, obtained in five investigated territories of
Ukraine, reflect the increased level of concentration of
heavy metals in the bodies of bees as compared to the
control. The highest concentration values of cadmium
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were registered in bee samples, collected from the api-
aries in territory 2 (Kharkiv region). The level of lead
remained high in the samples from Kharkiv and Myko-
layiv regions.

The results of the quantitative analysis of metals in
the bodies of bees and beekeeping products are pre-
sented in Table 3.

The results of the studies demonstrated that the high-
est values of cadmium in the organism of bees were
also found in the samples from territory 3 (1.83 +
0.03 mg/kg), territory 4 (1.63 £ 0.19 mg/kg) and terri-
tory 2 (1.62 £ 0.1 mg/kg) which exceeded the control
values 3.2-3.6 times (p < 0.01). In the samples of bees
from territories 2 (12.23 + 5.86 mg/kg) and 3 (8.89 +
+ 1.58 mg/kg), high copper indices were registered, ex-
ceeding the control values 4-5 times (p < 0.05).

High values of lead were noted in bee samples from
territory 4 — 14.45 + 0.89 mg/kg, territory 2 — 10.77 £
+ 1.08 mg/kg (p < 0.01), where its share was 2.7—
3 times higher than in the control (4.94 + 0.54 mg/kg).

The study of the pollution in bee pollen demonstrated
the highest concentrations of heavy metals in territo-
ries 2 and 3 (iron, copper, nickel, zinc), and territory
4 (cadmium) as compared to the control. There was a
statistically significant increase in the copper content
in the pollen samples on territory 3 (p < 0.01) and 5
(p <0.05). The increased level of zinc content was not-
ed on the investigated territories 2, 3, 4, and 5.

High concentrations of heavy metals in bees and bee
pollen are likely to be impacted by man-made factors,
including the explosions of artillery shells, movement
of heavy military machinery, and the use of firearms
near the investigated apiaries in Kharkiv and Myko-
layiv regions.

The analysis of HM concentrations in honey (Table
3) demonstrated that their content in honey samples
depended on the district and place of sampling i.e. on
the investigated de-occupied territories and the ter-
ritories near the combat zones (Kharkiv, Mykolayiv,
Sumy, and Chernihiv regions) there were higher con-
centrations of HM as compared to the control. We
assume that the pollutants are transferred with dust,
and thus get accumulated in soils, melliferous plants,
and pollen. High indices of HM content were noted
in territories 2, 3, 4. In the honey sample from terri-
tory 3, the concentration of iron was 21.1 % higher
compared to the control, but Fe indices of territory
3 were minimal among all the samples. It was deter-
mined that copper content in honey samples from all
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Table 3. The average content of heavy metals in the samples of bees, pollen, and honey (mg/kg) in some territories of Ukraine

(M +5)
No of Fe cd Cu Ni Pb Zn
territory
Bees

1 840.76 + 10.69 0.50+£0.17 2.40+1.40 0.59 +£0.20 4.94 +0.54 9.21+0.10

2 965.05 + 55.77 1.63+0.19 ** | 12.23 +5.86 5.69 +2.55 10.77 £ 1.08 ** | 131.69 + 6.50 **
3 1239.70 £ 126.75 * | 1.62£0.10 ** | 8.89+1.58* | 0.84+0.00 827+1.59 94.68 + 56.55
4 880.04 + 46.29 1.83+£0.03 ** | 7.37+0.83* | 7.77+£0.64 ** | 14.45+0.89 ** | 63.01 +9.11 **
5 994.74 + 38.74 0.91+0.16 5.17+0.53 0.78 £ 0.06 9.37+3.02 63.63+13.26 *

Pollen
1 56.13 +5.63 0.07 £0.027 0.79 £ 0.36 0.36 £0.14 1.39 £ 0.07 547 +0.003
2 87.54 +17.60 0.37 £ 0.003 8.07+2.80 0.73+£0.16 1.54 £0.04 1613 +£4.41 *
3 97.82 +£7.66 * 0.37+£0.003 | 9.22+1.07 ** | 0.75+0.06 * 1.55+0.06 17.69 = 1.96 **
4 72.34 + 14.90 0.38 +0.007 6.80 £2.31 0.61 +0.034 1.45+0.13 10.99 £ 0.39 **
5 61.54+1.78 0.37+0.003 | 5.78+1.20 * 0.57 £ 0.02 1.45+0.06 6.09 £ 0.91 **
Honey

1 6.95+0.74 0.001 +0.00 0.11 £ 0.05 0.56+0.28 0.12+0.11 2.36+0.03

2 10.91 +1.51 0.01+0.01 1.21+£0.51 277+125 1.13£0.12 ** 4.99 £ (.06 **
3 548 +0.50 0.01+£0.01 |1.27+0.03** | 1.74+1.08 0.59 +£0.04 * 9.25+2.10*
4 11.76 + 1.96 0.01£0.01 |143+0.15%**| 1.40+0.10* 0.77 £ 0.029 * 6.75+1.10 *
5 8.16+0.72 0.02 £ 0.01 0.71 £0.30 0.27 £ 0.04 0.20 £ 0.10 ** 6.60 £ 0.90 **

Note. * p <0.05, ** p <0.01; 1 — Vinnytsia (control), 2 — Kharkiv, 3 — Mykolayiv, 4 — Sumy, 5 — Chernihiv regions.

the investigated territories, except for the control, ex-
ceeded the set norm of MAC (0.5 mg/kg) for poly-
flora honey (Dubin, Vasylenko, 2017). The content
of zinc demonstrated high levels as compared to
the control in the samples from territories 3 (6.75 £
+ 1.10 mg/kg), and 4 (9.25 + 2.10 mg/kg).

We assume that while nectar is being processed
into honey, due to the physiological specificity of
the walls of the honey sac, there is partial filtration
of heavy metals, which are transported into the he-
molymph and deposited in different anatomic sites
of bees because the concentrations of lead, copper,
iron, and cadmium in honey are much lower than the
concentrations of these metals, determined in bee
pollen and bodies.

After the comparison of the calculated and actual
content of lead in melliferous plants using the elaborat-
ed statistical models of predicting the content of heavy
metals in plants depending on their content in honey
in the first stage of the studies, we can conclude that
this mathematical model is not accurate regarding such
metals as lead and zinc.

AGRICULTURAL SCIENCE AND PRACTICE Vol. 10 No.3 2023

DISCUSSION

The organism of bees is a leading link in the soils-
plants-animals-food products system, which is pen-
etrated by different organic substances and chemical
elements, including heavy metals, with pollen, nectar,
and water (Tsekhmistrenko et al, 2023). For instance,
according to Monchanin et al, 2021, terrestrial inver-
tebrates are especially vulnerable to arsenic, cadmium,
lead, and mercury, and most current global standards
for the level of these HM are not sufficient to decrease
their harmful impact on invertebrates, including hon-
ey bees. Having obtained the data about HM content
(in soils, plants, bees, honey, and bee pollen) on the
investigated territories, we can state that the highest
concentrations were notable for such elements as zinc,
lead, nickel, and copper. Mobile forms of HM can be
transferred to the hive with the polluted dust, settled on
the soil, pollen, or directly with bee fibers on the bee
body (Gillanders, Ross, 2021) or absorbed when bees
consume nectar and water. When analyzing the main
output of HM due to the military man-made load (in the
air-soil-water system) (Table 4), we can note that such
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Table 4. Heavy metals, entering the environment due to the military technogenic load (in the air-soil-water system) in terms

ATARSHCHYKOVA et al.

of types and kinds of applied armament systems (Sploditel et al, 2023)

Types and kinds of applied
armament systems

Penetration of heavy metals

Air

Water

Soil

Firearms (handguns sniper guns
submachine guns light machine guns
company machine guns)

Grenade launcher firearms hand
grenades automatic (under-barrel)
hand-held mounted anti-tank

MICV (APC) armament: firearms
hand grenades 14.5 mm HMG 73
mm P 30 mm P 14.5 AP

MICV, APC armament, hand
grenades

MICV, APC armament, anti-tank
missile systems (with simulated
electronic launches) hand grenades
Tank armament, SPG armament
firearms hand grenades 23 mm VYa
115 mm HMG 125 mm HMG

Tank armament anti-aircraft
machine gun hand grenades

Cannon artillery, artillery mortars
76 mm P ZiS-3; 85 mm P D-44; 100
mm ATM MT-12; 122 mm GD-30;
152 mm PG D-20; 152 mm SG 2S5,
152 mm SG 2CS19; 203.2 mm P
2S7 82 mm BM-38, 2B9; 120 mm
PM; 120 mm M 289, 2S512; 240 mm
M2S4

Cannon artillery anti-tank missile
systems, anti-tank artillery, battle
firing of field artillery —//—, 9K111
9K113 9K 149

Shooting artillery rounds

Movement of self-propelled artillery
weapons and anti-aircraft mounts,
MICYV, wheeled, tracked APC
Movement of engineering
machinery and vehicles

Movement of vehicles, tracked
towing vehicles and crawler-
transporters

Cu, Mn, Al, Mg, Fe C, Pb

Cu, Mn, Al, Mg, Fe, Pb

Cu, Mn, Al, Mg, Fe, Pb

Cu, Mn, Al, Mg, Fe C, Pb

Cu, Mn, Al, Mg, Fe C, Pb

Cu, Mn, Al, Mg, Fe, Pb

Cu, Mn, Al, Mg, Fe, Pb

Cu, Mn, Al, Mg, Fe, Pb

Cu, Mn, Al, Mg, Fe, Pb

Cu, Mn, Al, Mg, Fe, Pb

Pb

Pb

Cu, Fe, Al, Mn, Zn, Pb,
Sn, Mg

Cu, Fe, Al, Pb, Zn, Hg,
Cd, Cr

Cu, Fe, Al, Pb, Zn, Hg,
Cd, Cr

Cu, Fe, Al, Mn, Sn, Mg,
Pb, Zn, Hg, Cd, Cr

Cu, Fe, Al, Mn, Sn, Mg,

Zn, Hg, Pb, Cd, Cr

Cu, Fe, Al, Mn, Sn, Mg,

Zn, Hg, Pb, Cd, Cr

Cu, Fe, Al, Mn, Sn, Mg,
Pb, Hg, Zn, Cd, Cr

Pb

Pb

Cu, Fe, Al, Fe, Mn, Zn,
Pb, Sn, Mg, Al

Cu, Fe, Al, Fe, Mn, Zn,
Pb; Sn, Mg, Al, Hg, Cd,
Cr

Cu, Fe, Al, Mn, Sn, Mg,
Pb, Zn, Hg, Cd, Cr

Cu, Fe, Al, Mn, Sn, Mg,
Pb, Zn, Hg, Cd, Cr
Cu, Fe, Al, Mn, Sn, Mg,
Pb, Hg, Zn, Cd, Cr

Cu, Fe, Mn, Sn, Mg, Pb,
Zn, Hg, Cd, Cr

Cu, Fe, Al, Mn, Sn, Mg,
Hg, Pb, Zn, Cd, Cr
Cu, Fe, Al, Mn, Sn, Mg,
Pb, Zn, Hg, Cd, Cr

Cu, Fe, Al, Mn, Sn, Mg,
Pb, Hg, Zn, Cd, Cr

Cu, Fe, Al, Cd, Pb, Zn,
Cr, Mn, Mg, Hg

Pb

Pb

Pb

HM as lead and copper penetrate the environment in the
highest amounts when all the armament systems, pre-
sented in the Table, are used. We conducted the studies
in the territories, impacted by active combat (Kharkiv,
Sumy, Mykolayiv, and Chernihiv regions). The in-
creased level of HM (lead, cadmium, and copper) on
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these territories as compared to the control (Vinnytsia
region) is caused by the transfer and accumulation of
toxicants in natural objects.

The prediction of the migration of pollutants in the
soil cover is complicated because the soil is a com-
plex colloid-disperse system with the accumulation of
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pollutants and their redistribution under the impact of
military and technogenic factors with further migration
along trophic chains (soil — plant — bee — beekeeping
product — human) (Kumar, 2022). After combustible
substances and heavy metals penetrate the soil, their
transmission by food chains is impacted by both abiotic
and biotic factors. Some publications demonstrate the
accumulation of potentially toxic levels of Pb, Cu, and
Ni in forage crops, growing on the territories of former
shooting ranges in Switzerland (Robinson, 2008).

According to the research of Roman, 2010, the content
of macro- and microelements in the organism of bees
varied within a wide range and depended on several fac-
tors, including types of soils and nectar-bearing plants,
methods of beekeeping and the physiological state and
health condition of bees (Roman, 2010). We assume
that the statistical model of predicting the HM content
in plants, depending on their content in honey, presented
by us, was found ineffective due to different ecologic
and climatic conditions of the investigated territories.
According to Lambert et al (2012), weather conditions
impact the content of metals in the organisms of bees
and beekeeping products, dry weather and higher tem-
peratures cause an increase in the accumulation of heavy
metals. Our study was conducted in 20222023 when
drought weather conditions and higher temperatures
were noted, especially in summer period of active honey
collection (https://ecoaction.org.ua/).

A close correlation between the accumulation of met-
als in soil and plants and the HM content in the samples
of honey bees and beekeeping products was observed
in the study of Adeoye in 2021. The author did not
present any mathematical model but highlighted that
honey bees and honey were good potential bioindica-
tors of environmental pollution with heavy metals. The
study also showed a common source of HM (air, soil,
plants, or water) in the environment (Adeoye, 2021).

The prediction models for HM transformation (cad-
mium, lead, zinc, and copper) in the organism of ani-
mals and into animal products (milk) were elaborated
by Boltyk N.P. in 2014 for the study on the qualitative
composition of food chain components: soil — water —
plant — animal — animal product (milk). According to
the author’s opinion, the elaborated monitoring mod-
els ensure reliable prediction of the amount of HM in
fodder and animal products based on the indices of
HM content in soil (Boltyk, 2014). We did not find the
mathematical models for the soil-plants-bees-beekeep-
ing products system in the scientific literature, which
we studied, the scientists mainly estimated the transi-
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tion coefficients and the concentration coefficients for
the elements (Postoienko, Halenko, 2007; Adeoye et al,
2021). In the study of Postoienko, Halenko 2007, the
estimation of transition coefficients (C) for HM in the
consecutive chain of “soil-melliferous plant-honey”
was conducted in several stages: stage 1 — “soil-mellif-
erous plant” system; stage 2 — “melliferous plants—hon-
ey” system; stage 3 — “soil-honey” system. The transi-
tion coefficient in the “soil-plant” system is a share of
the HM content in plants in the amount of HM in soils,
etc. (Postoienko, Halenko, 2007). The authors conclud-
ed that the indices of C of HM can be used to predict
the limits of pollution with the toxicants of a specific
area, reliably within the distance of 7 sq.km. that can be
covered by a bee during honey collection (Brovarskyi
et al, 2017). If the HM concentration in honey samples
from the investigated territory does not exceed MAC,
it may be assumed that the content of toxicants in this
territory is within limits, not exceeding the normative
indices of the concentration of toxicants. Therefore, the
use of the estimated coefficients ensures the prediction
of the pollution by toxicants in a specific area and pro-
vides for preliminary prediction of the state of territo-
ries in terms of HM pollution, for instance, for the safe
location of apiaries (Postoienko, Halenko, 2007).

The coefficient of metal concentration is a share
(similar to the transition coefficient), transformed into
a percentage value (Adeoye et al, 2021). According to
the data of Auxiliadora Soriano and Fereres (2003),
the coefficient of metal concentration for Cd and Zn in
plants and soils was considerably higher and depended
on the type of soil and pH.

Taking into account the differences in ecologic and
climatic conditions and the possible impact of numer-
ous factors on the content and migration of HM in the
soils—melliferous plants—bees—beekeeping products, it
would be reasonable to have actual parameters of the
HM content in the samples for each investigated terri-
tory and to take the relevant management conclusions
based on them.

It would be reasonable for further studies to pay
attention to the synergic impact of HM in the soils-
melliferous plants-bees-beekeeping products system
and the organism of bees, and to conduct detailed in-
vestigations on the immunological response of bees to
sublethal doses because, in the opinion of Jensen and
Trumble 2003, the simultaneous uptake of several HM
may have the additive or synergic effect (Jensen, Trum-
ble, 2003). It could be especially urgent to study the
synergic effect of pesticides and HM on the organism
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of bees and the transfer of pollution into beekeeping
products (Desneux et al, 2007; Alaux et al, 2010; Klein
et al, 2017).

CONCLUSIONS

In soils of all the investigated territories (Kharkiv,
Mykolayiv, Sumy, and Chernihiv regions), there was an
increased level of heavy metals Fe, Cd, Cu, Ni, Pb, Zn,
as compared to the control (Vinnytsia region). For in-
stance, the concentration of cadmium in the territory of
Chernihiv region (1.13 + 0.28 mg/kg) exceeded MAC
(1.0 mg/kg). The concentration of lead in all the inves-
tigated territories did not exceed MAC (55.0 mg/kg).
The exceedance in MAC of the total form of lead
(30 mg/kg) was registered in soil samples in Sumy re-
gion—37.88 + 6.21 mg/kg. The content of lead in Myko-
layiv region exceeded that in the control 2.7 times.

The content of iron in melliferous plants increased
in all plant samples as compared to the control, 1-1.3
times respectively (p > 0.05). The highest values for
cadmium content were found in Kharkiv region — 0.6 =
+ 0.034 mg/kg, Mykolayiv region — 0.5 £ 0.034 mg/kg,
Chernihiv region — 0.5 + 0.067 mg/kg, which exceeded
the control values 1.7-2 times. High values were de-
termined for a share of copper in plants as compared
to the control in Kharkiv region — 5 + 0.23 mg/kg and
Mykolayiv region — 5.5 + 0.21 mg/kg. Also, in Kharkiv
region, the concentration of lead in the samples of en-
tomophilous plants, collected in the territories near the
apiary, exceeded the control indices 1.7 times.

The data, obtained in five investigated territories of
Ukraine, reflect the increased level of concentration of
heavy metals in the bodies of bees as compared to the
control. The highest concentration values of cadmium
were registered in bee samples, collected from the api-
ary in the Sumy region (1.83 + 0.03 mg/kg), and in the
control — 0.50 + 0.17 mg/kg. The content of lead was
high in the samples from Kharkiv (10.77 £ 1.08 mg/kg)
and Sumy (14.45 = 0.89 mg/kg) regions; in the control
the lead content was 4.94 + 0.54 mg/kg.

The study of the bee pollen pollution demonstrated
the highest concentrations of heavy metals in the ter-
ritories of Kharkiv and Mykolayiv regions (iron, cop-
per, nickel, zinc), Sumy region (cadmium) as compared
to the control. The highest copper content was found
in the pollen samples from Mykolayiv region 9.22 +
+ 1.07 mg/kg (control — 0.79 £+ 0.36 mg/kg). The in-
creased level of zinc content as compared to the control
(5.47 £ 0.003 mg/kg) was registered in Kharkiv region
(16.13 £ 4.41 mg/kg) and Mykolayiv region (17.69 £
+ 1.96 mg/kg).
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The analysis of HM concentrations in honey sam-
ples demonstrated that in Kharkiv region there was
an exceedance of MAC (1.0 mg/kg) of lead — 1.13 +
+ 0.12 mg/kg. The exceedance of MAC for copper in
honey samples (0.5 mg/kg) was noted for all the in-
vestigated territories except for the control (0.11 =+
+ 0.05 mg/kg). The exceedance of MAC for zinc in
honey samples (5.0 mg/kg) was registered in Myko-
layiv region (9.25 + 2.10 mg/kg), Sumy region (6.75 +
+ 1.10 mg/kg) and Chernihiv region (6.60 £ 0.90 mg/kg).
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Meta. OmparroBaTi METOIMYHI MIIXOMN IIOIO0 MOHITOPHH-
Ty BMICTY Ta Mirpailii Ba)KKUX METalliB y CHCTEMi TPyYHTH—
POCIUHU-MEOHOCH—O/PKONTU—TIPOJYKTH OKITBHUIITBA B
2022-2023 pp. 3amIsd €KOJOTIUHOI OI[IHKH OiOIEHO3IB Te-
pHUTOpIH, MO0 3a3HANM BIUIMBY OOWOBHX mid. MeTomm.
[eprunit eran [0CHTiHKEHD MOJISATaB Yy BCTAHOBJICHHI BMICTY
[UHKY Ta CBUHIIO Y POCIMHAX-MEIOHOCAX (CYLBITTS rped-
KM, COHSIIIHUKY Ta Pi3HOTpaB’sl) Ta Meaax 3 TPbOX Te-
putopiit 'y UYepkacekiii oOmacti. Jpyrwmid eram IOCIHiI-
KeHb oxorumioBaB maciku: HHII “IactutyT OmKiTEHUITBA
imeni II. 1. IIpokomoBmua” (po3ramoBaHi B c¢. Spumris,
Morwunis-Iloninecekoro p-Hy, BiHHHIBKOT 0071.); macikax,
PO3TAIIOBAHUX HA JICOKYIOBAHUX TEPUTOPIsX: XapKiBChka
o0, UyryiBcekuii p-H, c. [llectakoBe Ta YepHiriBchka 00:.,
Hosropoa-CiBepcbkuii p-H; macikax, 10 pO3TalloBaHi Ha
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TEepUTOPisX, MOONM3y TpoBeAeHHA O0WOBUX Iiif MuKo-
naiBcbka o0i., bamrancekuit p-H, c¢. HoBoonekcanapiska
ta Cymcepka 00671., M. Jlebenun. Binbip marpunp Ha BH-
3HAUCHHS! PyXOMHX ()OpM BMICTy BaXkux MmertainiB (BM)
(TpyHT, pocCiuHH, OOHDKXsS, OJDKOIM Ta Mea) IpPOBO-
IuBCs Ha 5 macikax mpotsrom 2022-2023 pp. TpupazoBo
(TpaBeHb, JHIICHD i ceprieHb). Bigiopano 30 3paskiB rpyH-
Ty, 30 mpo6 pocmuH, Mo 90 mpobd muiKy, OMKIT Ta Memy.
[TpoOu rpyHTY BigOMpanu METOAOM KOHBEPTY 3 IIHOMHU 0—
20 cM. Y MEIOHOCHHMX POCIHMH (3MIIIaHHH 3pa30K pi3HO-
TpaB’s) Ha MJOCITIDKEHHS pyxomux (opm BMmicty BM
BijgOMpanacs Haa3emHa vacTuHa. JKuBi O/pkonu BinOupa-
JUCS 3 TPHOX BYJIMKIB KOXKHOI TAcCiké 3 JBOTKIB (1m0 30-35
O/UKIT 3 KOXKHOro) y Oanku. [lo anamizy Omkxonu 30epira-
JUCS Y MOpPO3WIBHINA Kamepi mpu temmeparypi — 20 °C
(Gutiérrez et al, 2015). 36ip KBITKOBOTO MWIKYy Ha IO-
CJIIJDKYBAHMX Tacikax 3/1MCHIOBAaBCS 3a JIONOMOIOK Ha-
BICHOTO THIJIKOBIOBIOBada. [Ipodbu meny BimOupammes i3
paMoK, MeJl BiJIOKpEMITIOBAaBCsl (BiIbTPYBaHHIM 4epe3 Map-
mo. Hamu Oyro mpoBeneHo KUTHKICHHN aHalli3 BMICTY Ta
HakormueHHs pyxomux ¢gopm BM (Fe, Cd, Cu, Ni, Pb, Zn)
y TPYHTI, POCIMHaX-MeJOHOCaX, OJDKOJIAX, OKOIUHOMY
oOHDKOKI Ta Memi. [linroroBka mpo0O BHKOHYyBallacsi METO-
JIOM cyXoi MiHepauizamii. Bmict pyxomux (opM BamKux
MeTamiB (3amiza, KaaMito, MiJli, HIKeII0, CBUHITIO Ta ITHH-
Ky) BH3HauaJId METOJIOM aTOMHO aJICOPOLIHHOI CIIEeKTpO-
¢dotomerpii. Pesynbrarn. Ha meprmomy erami mocimimkeHHS
BU3HAYEHO BMICT pyXoMux ¢opm Baxkkux metamiB (Pb, Zn)
y pociuHax Ta Memax it Teputopii Uepkachkoi oOiacti
(ITpaBoGepesxxnoro Jlicocremny). Ha ocHOBiI oTpuMaHuX ma-
HUX XIMIYHUX JOCII/DKEHb 3 BHUKOPHCTaHHSM METONLY KO-
PpeIAIiHO-perpeciifHoro aHamizy po3poOJeHO CTAaTUCTHYHI
MOJIeJTi TIPOrHO3YBAaHHS BMICTY BaKKHX METAJliB Y POCIH-
Hax, 3aJeXHO BiJ ix Bmicty B Meni. Ha apyromy erami
JOCITIDKEHHST BU3HAYCHO BMICT PYXOMHUX (POPM BAKKHX Me-
taniB (Fe, Cd, Cu, Ni, Pb, Zn) y rpyHTi, poCirHaX-MeI0-
HOCax, OmKomax, OMKOMMHOMY OOHDXOKI Ta Memax y Oio-
LIEHO3aX 30HM, 110 3a3HaJIM BIUIMBY OOWOBHMX M.
BucHoBku. VY TpyHTax yCiX OCTI/KYBaHUX TEPUTOPIH
(XapkiBcbka, MukomaiBcbka, Cymcbka Ta YepHIriBChbKa
o0JacTi) BCTAHOBJICHO ITiJBHUIICHUII PIBEHb BAXKHX MeETa-
niB Fe, Cd, Cu, Ni, Pb, Zn, mono xonTpomo (BiHHWUIBKA
0011.). 30KpeMa KOHIICHTpAIlisl KajMiro Ha Teputopii Yep-
HiriBepkoi o0m. (1,13 + 0,28 wmr/kr) mepesumryBana [JIK
(1,0 wmr/kr). KoHneHTpariss CBUHIFO Ha BCIX JOCIIIKY-
BaHMX TepuTopisix He nepesuinyBana [JIK (55,0 wmr/kr).
[epesumenns [JIK pyxomoi dopmu cBunIo (30 Mr/kr)
3atikcoBano y mpobax rpyHTy Cymchkoi obn. — 37,88 +
+ 6,21 wmr/kr. Bwmict cBuHIIO Y MukomaiBcekiii 00m. y
2,7 pa3 mnepeBHIyBaJia BMICT CBHHIIO IIOJO0 KOHTPOIIIO.
Bwmict 3amiza y MEZOHOCHHX POCIMHAX 3pOCTaB y BCIX
mpo0ax pOCIMH MO0 KOHTPOIIO, BigmosiaHo B 1-1,3 pa-
3u (p > 0,05). HaiiGinbIi 3Ha4E€HHST BMICTY KaJMIIO BHSIB-
nmeHo y XapkiBepkit 00m. — 0,6 £ 0,034 mr/kr, Muxonais-
cekii 00m. — 0,5 + 0,034 wmr/kr, YepHiriBcbkiii o0m. —
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0,5 £ 0,067 mr/kr, mo y 1,7-2 pa3u mepeBUITyBaIl KOHT-
POJIbHI TIOKAa3HUKU. BHCOKMX 3HAYCHb NIOCSTa€e BMICT Mi-
Il B pOCITMHAX IIOMO KOHTPOJIO y XapKiBChKiH 00m. —
5 + 0,23 mr/kr Ta MuxonaiBeskii 00m. — 5,5 + 0,21 Mr/kr.
Taxoxk, y XapkiBCBKifl AocTiKyBaHii 00macTi KOHIIEHT-
parisi CBUHITIO B 3pa3kax €HTOMO(UIBHUX POCIUH, 3i0pa-
HUX Ha TepUTOopisx Oinsd maciku B 1,7 pa3 mepeBummia
KOHTPOJIbHI TIOKa3HUKK. OTpuMaHi JaHi mMoao I STH J0-
CIIDKYBaHUX TepHUTOpiil YKpaiHM BimoOpa)karoThb IIiABH-
IICHWH piBEeHb KOHICHTpAamii BaXKKUX METaliB Yy Tijax
OILKLT TIOPIBHAHO 3 KOHTposieM. HaiOinmbIm BHCOKI 3Ha-
YeHHs JocATalia KOHIEHTpAIis KaaMilo y 3pa3Kax OKif,
y3atux 3 maciku Cymcbkoi obmacti (1,83 £ 0,03 wmr/kr),
y xouTpoini — 0,50 + 0,17mr/kr. Bmict cBuHIIO OyB BHCO-
kUM y mpobax 3 XapkiBcekoi (10,77 £ 1,08 mr/kr) Tta
Cymcekoi (14,45 £ 0,89 wmr/kr) obmactedl, Ha KOHTpOII
BMICT CBHUHIIO cTaHOBUB 4,94 + 0,54 wmr/kr. JlocmimKkeHHs
HAKOMMYEHHS BAKKMX METANiB y OOHDKXKI OIKOTHHOMY
MOKasajo, MO0 HaWOIBIII KOHIIEHTpAIlii BaXKUX MeTa-
JIIB — HA TEPUTOPIsIX XapKiBChKiid Ta MuUKOIAIBChKii 00,
(3amizo, Migp, Hikedb, NHUHK), CyMchKiH 001. (Kammiii)
om0 KoHTpoiro. HaiiBumum OyB BMICT Mimi y 3pa3kax
oOHDIOKST MukonaiBebkoi o0m. 9,22 + 1,07 mr/kr (KoHT-
poms 0,79 + 0,36 wr/kr). IligBumieHnii piBeHb BMICTY
OUHKY moa0 koHtpomo (5,47 + 0,003 wmr/kr) ¢ikcyBamm
y XapkiBcekii 00m. (16,13 + 4,41 wmr/kr) Ta Mukona-
iBChKil 00m1. (17,69 + 1,96 mr/kr). AHami3 KOHIEHTpAIii
pyxXoMux (GOpM BaKKHX METATiB B MeIax IOKasye, IO Ul
XapkiBcbKoi 00JI. crmoctepiraetbesi mnepeBumieHHs [JIK
(1,0 mr/kr) cBunimo 1,13 £ 0,12 wmr/kr. TlepeBurieHHs
I'IK mns mimi B mMegax (0,5 Mr/kr) BiaMiueHO ISl BCiX
JIOCTI/KYBaHUX TEpUTOpiH, okpim KoHTpomio (0,11 =+
+ 0,05 mr/kr). [epeBumenns I'ZIK mis nmHKY B Menmax
(5,0 wmr/kr) BigmigeHo y MuxomnaiBcekiii o6m. (9,25 =+
+ 2,10 wmr/kr), Cymcekiit o61. (6,75 = 1,10 mr/kr) Ta
UYepniriBebkitt 00m1. (6,60 £ 0,90 mr/kr). 3BaXkaroum Ha Bif-
MIHHICTh €KOJIOTO-KJIIMAaTHYHIX YMOB 1 MOMJIMBHH BIUIMB
OaraThoX (PaKTOPiB Ha BMICT Ta MIrpalifo BAKKHX METaiB
y CHCTEMI IDYHTH—POCIHHU-MEIOHOCH—OKOIU—TIPOLYKTH
O/DKITPHUIITBA, U KOXKHOI JOCIHIPKyBaHOI TepHUTOpii He-
00XigHO MaTh (haKTHUYHI MapaMeTpH BMICTY BaXKHX MeETa-
JIiB y 3pa3Kkax Ta poOHTH 3 IIOTO YIPABIiHCHKI BUCHOBKH.

Kurouosi ciioBa: Baxki Metanu; 0ioMoHITOpUHT; Apis mel-
lifera; 6101HIMKATOPH; TPOIYKTH OJDKITHHUIITBA.
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