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1. Introduction

One of the main issues that modern society has to 
resolve is environmental pollution. Given the global 

nature of this problem, ecosystem monitoring methods 
must be suitable for use in regions with completely dif-
ferent ecological, infrastructural, social, and economic  
conditions.
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This study quantifies the 
translocation factor (TF) for 
heavy metals transferred from 
wild honey plants to beekeeping 
products. The research area is 
located near the war zone, so its 
contamination with heavy met-
als is possible. 

Analysis of honey plants 
and bee products can make it 
possible to establish their safe-
ty. Field studies were conduct-
ed in July 2025 in the village of 
Stepanivka (Ukraine). The con-
centration of Cd, Pb, As, as well 
as the TF for these heavy met-
als transferred from wild honey 
plants to beekeeping products 
(bee pollen and honey), were 
determined using generally 
accepted methods. 

It was found that the con-
centration of Pb in wild honey 
plants is 1.64 ± 0.44 mg/kg, 
which exceeds the level permit-
ted in Europe and Ukraine for 
plants by 5.5–8.2 times. However, 
in bee bread and honey, the con-
centration of Pb is within the 
normal range (0.15 ± 0.01 mg/kg 
and 0.09 ± 0.01 mg/kg, respec-
tively). This indicates that pollen 
is less contaminated compared 
to vegetative parts of the plant, 
acting as a barrier for heavy met-
als, and bees have the ability to 
reduce the concentration of pol-
lutants. This is also confirmed 
by the fact that the concentration 
of Pb in bee bread is higher than 
in honey, which may indicate the 
ability of bees to act as a biofil-
ter. The same effect is observed 
with other toxins. The level of 
Cd in honey (0.007 ± 0.01 mg/kg) 
was lower than its concentration 
in bee bread (0.01 ± 0.05 mg/kg). 
The concentration of As in honey 
is also 0.1 mg/kg lower than its 
concentration in bee bread. At 
the same time, it was found that 
the concentration of As in wild 
honey plants (< 0.0001 mg/kg) is 
significantly lower than its con-
centration in beekeeping prod-
ucts. The highest bioaccumula-
tion of Cd was registered in bee 
bread (TF = 0.13). Considering 
that the translocation factor of 
heavy metals does not exceed 1, 
honey and bee bread collected in 
the study area can be considered 
safe for consumption
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One of the biomonitoring methods used to acquire accu-
rate information about pollutants present in the territory, as 
well as about their biotoxic impact, is the analysis of honey 
bees and apiproducts [1].

Honey is an important biomarker for detecting environ-
mental pollution. When honey bees forage in polluted areas, 
they are exposed to pollutants present in the atmosphere, 
soil, vegetation, and water. Toxins from bees enter beekeep-
ing products, which can create potential risks for both their 
health and the safety of hive products.

As a natural bioindicator, apiproducts can accumulate 
and reflect environmental pollutants, providing an idea of 
the health of the ecosystem and the level of its pollution [2]. 
Thus, through apiproducts, it is possible to detect the pres-
ence of a significant concentration of heavy metals in the 
ecosystem [3], which in high concentrations are toxic to hon-
ey bees. The fact that toxins have the ability to accumulate 
is important, especially when there is a prolonged effect of 
external factors.

Environmental pollution is always observed in areas 
where there is active military activity. This is caused by the 
ingress of various toxins into the soil and water as a result 
of the use of weapons and military equipment. Considering 
that the full-scale war in Ukraine has been going for more 
than 4 years, it is important to monitor the pollution not only 
of soil and water but also of agricultural produce.

Analysis of the safety of apiproducts in the territories 
of the military conflict zone is relevant since an important 
principle of natural beekeeping is the absence of chemical 
treatments or other unnatural interventions.

2. Literature review and problem statement

It was reported in [4] that the increase in the scale of 
infrastructure projects, deforestation, as well as intensive ag-
riculture, sharply reduce the areas on which honey bee popu-
lations can grow. The results of the study link this to the high 
level of pesticide use and excessive movement of hives. It has 
been shown that pesticides contaminate honey plants, and 
through them bee products, which are ultimately consumed 
by humans [5]. However, issues related to other factors that 
may affect the safety of the honey bee population remain 
unresolved. A likely reason is the complexity and cost of re-
search related to other anthropogenic factors of influence. In 
addition, some toxins formed by other factors accumulate in 
the bee body, but only in small quantities enter honey, which 
reduces the priority of such studies for safety control. 

Some studies [6] have shown that sources of contamina-
tion of bee products may be associated not only with agricul-
tural activities because bees are the link between what gets to 
plants and beekeeping products through water, soil, and air. 
This is the approach used in work [7]. It has been shown that 
the transport of dust in the air containing heavy metals and 
their deposition on plants is enhanced in areas affected by 
mining activities. These particles can be carried by the wind 
over considerable distances and settle on the surface of leaves 
and flowers, which are honey plants. Bees can accumulate 
heavy metals from contaminated pollen, nectar, and wa-
ter [8]. The level of bioaccumulation of heavy metals depends 
on many factors and is a poorly studied issue. 

It is also known that other anthropogenic factors lead to 
progressive contamination of honey and other beekeeping 
products [9]. Industrial emissions, burning of fossil fuels, and 

intensive road traffic contribute to the accumulation of heavy 
metals in the atmosphere and in the beekeeping ecosystem. 
However, many potential contaminants of beekeeping prod-
ucts remain unstudied.

Among the insufficiently studied sources of heavy met-
als entering the environment and bee products are military 
operations. It is known that heavy metals can enter the soil 
from weapon residues, during ground combat operations and 
bombings [10]. Therefore, at the sites of military equipment 
burning, the maximum permissible concentration of heavy 
metals is usually observed. However, the radius of contam-
ination has not been established. Studies of bee products 
contamination with substances formed as a result of military 
aggression are still insufficient.

The question of whether military activities can affect the 
safety of bee products remains unresolved. All this gives 
grounds to argue that it is advisable to conduct a study aimed at 
determining the safety of apiproducts collected within the 30-ki-
lometer zone of military operations on the territory of Ukraine.

3. The aim and objectives of the study

The purpose of our study is to determine the level of bio-
accumulation of heavy metals in beekeeping products within 
a 30-kilometer zone of active hostilities. This will make it 
possible to establish the safety of beekeeping products in 
these territories.

To achieve this aim, the following objectives were accom-
plished:

– to determine the concentration of heavy metals in wild 
honey plants;

– to determine the concentration of heavy metals in hon-
ey and bee bread;

– to quantify the translocation factor for heavy metals 
transferred from wild honey plants to beekeeping products.

4. The study materials and methods

4. 1. The object and hypothesis of the study
The object of our study is the translocation factor (TF) of 

heavy metals transferred from wild honey plants to beekeep-
ing products. The subject of the study is the mass concentra-
tion of heavy metals in wild honey plants and beekeeping 
products; translocation factor of heavy metals transferred 
from plants to beekeeping products.

It is hypothesized that since plants are bioaccumulators 
of toxic metals, an increase in the concentration of heavy 
metals in them may indicate contamination of the ecosys-
tem (soil, water). Thus, nectar and pollen of honey plants 
may also be contaminated. Since honey bees are a highly 
effective means of conducting ground research, analysis of 
their apiproducts could allow us to determine whether they 
are subject to contamination.

Wild honey plants collected within a 30-kilometer 
combat zone can accumulate excess heavy metals, which 
may pose risks of contamination of bees and beekeeping 
products. Bees visit almost all sectors of the environment 
(soil, vegetation, water, and air) within a circular area with 
a radius of approximately 12 km2 around the hive, providing 
numerous randomly collected samples. Once in the hive, 
these products are easily selected and analyzed for the pres-
ence of pollutants.
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Therefore, it is advisable not only to determine the con-
centration of heavy metals in honey plants but also quantify 
the coefficient of their transition to beekeeping products. The 
study will make it possible to prove or disprove the impact of 
hostilities on the safety of beekeeping products produced in the 
30-kilometer zone from the border with the aggressor state.

4. 2. Materials
Our field research was conducted in July 2025 in the vil-

lage of Stepanivka, Sumy oblast (Ukraine), which is located 
within a 30-kilometer combat zone (Fig. 1).

Planes, helicopters, missiles, unmanned aerial vehicles, 
guided bombs, etc., are constantly moving above this territory.

4. 3. Investigating wild honey plants
Sampling of wild honey plants was carried out in the area 

within a radius of 2 km from the site of a private household, 
in which samples of bee bread and honey were taken. 
A 10 kg batch was collected, from which an average 
sample weighing 1 kg was selected for analysis. The 
composition of the collected sample was dominated 
by red clover, common blueberry, and white yam. 
The selected plant samples were washed with dis-
tilled water to remove dust and soil particles. The 
washed plants were dried in a drying oven at a tem-
perature of 60°C until a constant weight was reached 
and ground into powder. Then 1 g of powder was 
placed in flasks and digested in a solution of chloric 
and nitric acid (in a ratio of 1:3) at a temperature of 
200–300°C. The samples were cooled at room tem-
perature and filtered through filter paper. The filtrate 
was analyzed using an AAS-30 atomic absorption 
spectrophotometer (Germany).

4. 4. Investigating apiproducts
Pollen samples (bee bread) were taken from a pollen 

trap installed on a hive at a private household. An average 
pollen sample (100 g) was taken from five different hives of 
one household. Raw pollen was cleaned of debris and dried 
at a temperature not exceeding 40°C in a drying cabinet. 
A honey sample (500 g) was taken from the total batch of 
honey collected at this household in July. The content of 
heavy metals in bee bread and honey was determined by 
atomic absorption spectrometry using a PinAAcle900T 
spectrometer (USA).

4. 5. Quantifying the translocation factor of heavy 
metals

The translocation factor (TF) for heavy metals trans-
ferred from wild honey plants to bee bread was determined 
from the following formula [11]

= ,h

hp

C
TF

C
					     (1)

where Сhp – concentration of heavy metals in wild honey 
plants, mg/kg; Ch – concentration of heavy metals in bee 
bread, mg/kg.

The translocation factor for heavy metals transferred 
from wild honey plants to honey was calculated as the ratio 
of the concentration of heavy metals in honey to their concen-
tration in wild honey plants.

The value of TF ≥ 1 means that the product can accumu-
late heavy metals. TF ≤ 1 indicates that the bioaccumulation 
of heavy metals is low.

4. 6. Statistical analysis
The end results are represented as the mean ± standard 

deviation obtained within three parallel studies. To assess 
the statistical significance of the difference between groups, 
the Student’s t-test was used. Differences were considered 
significant at a probability level of p ≤ 0.05. All data are rep-
resented in tabular and graphical forms using a bar chart.

5. Results investigating the level of heavy metal 
contamination of wild honey plants and apiproducts

5. 1. Results of investigating the concentration of 
heavy metals in wild honey plants

The results of the analysis of the level of contamination of 
honey plants are shown in Fig. 2.

The Pb content in the tested samples ranged from 1.58 to 
1.7 mg/kg with an average statistical value of 1.64 ± 0.44 mg/kg.  
According to the recommendations from the World Health 
Organization (WHO) [12], the permissible level of Pb in plants 
is 0.3 mg/kg. In Ukraine [13], a safe concentration of Pb in 
plants is considered to be 0.2 mg/kg. In view of this, the level of 
lead in honey plants exceeds the established maximum permis-
sible standards by 5.5–8.2 times.

The concentration of Cd in wild honey plants in the stud-
ied area did not exceed the recommended maximum permis-

Fig. 1. Map of the study area (Sumy region, Sumy oblast, 
Ukraine), represented as a Google map image

State border of Ukraine

Active combat zone

Fig. 2. Concentration of heavy metals in experimental samples of wild 
honey plants
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sible concentrations and was within 0.07–0.09 mg/kg with 
an average value of 0.08 ± 0.04 mg/kg.

The actual level of As (< 0.0001 mg/kg) also indicates 
its low bioaccumulation in vegetation in areas within the 
30-kilometer combat zone.

5. 2. Results of investigating the concentration of 
heavy metals in honey and bee bread 

The results of investigating the beekeeping products 
are shown in Fig. 3, 4.

The results of our study showed that the concentra-
tion of heavy metals in bee bread is within the permissible 
levels [14]. The closest to the upper permissible level is the 
content of As (0.27 ± 0.05 mg/kg). The concentration of Cd 
in bee bread is quite high (0.01 ± 0.05 mg/kg), which is only 
0.04 mg/kg lower than the permissible level in Ukraine [15]. 
In view of this, the determined content of heavy metals in bee 
bread can be considered low.

The results of our study showed that the concentration 
of heavy metals in honey does not exceed the established 
maximum permissible standards. However, the level 
of Pb (0.09 ± 0.01 mg/kg) is close to the maximum permis-
sible limits established in the European Union (EU) [16]. 
Also, the concentration of Cd (0.007 ± 0.01 mg/kg) in 
honey is close to the EU maximum limits. However, since 
the norm is not exceeded, the product can be consid-
ered safe.

5. 3. Results of quantifying the translocation fac-
tors of heavy metals transferred from wild honey 
plants to beekeeping products

The results of calculating the translocation factors of 
heavy metals transferred from wild honey plants to bee bread 
and from bee bread to honey are given in Table 1.

The highest translocation factor is observed for Pb trans-
ferred from wild honey plants to bee bread, and for Cd – from 
honey plants to honey. The concentration of As in honey 
plants was lower (<0.0001) than in bee bread and honey. 
Considering that the translocation factor for all heavy metals 
is TF ≤ 1, this indicates that the bioaccumulation of heavy 
metals in the studied bee products is low.

6. Discussion of results based on investigating the 
safety of beekeeping products within the 30-kilometer 

zone of military operations

The absorption of heavy metals by plants depends on 
their bioavailability and concentration. According to the data 
obtained (Fig. 2), the mass fraction of Cd (0.08 ± 0.04 mg/kg) 

and As (< 0.0001) in wild honey plants is moderate. 
This concentration of Cd is slightly higher than the 
typical concentration for wildflowers (0.04 mg/kg) 
collected in safe areas [17]. However, it cannot be stat-
ed that the Cd level in honey plants is critically high.

The Pb content in honey plants ranged from 1.58 
to 1.7 mg/kg, which is consistent with previous studies 
conducted in the villages of Tovsta [18], Ulyanivka, and 
Sulske [19], which are located within the 50-kilometer 
zone of military operations. Considering the recom-
mended maximum concentrations of Pb [12, 13], the 
concentration of this heavy metal in honey plants is 
5.5–8.2 times higher than the recommended maximum 
concentrations. Since Pb is used in the production of 
bullets and other ammunition, in the construction of 
military vehicles and aircraft [10], it can be assumed 
that the reason for its accumulation in plants is the 
proximity of the studied area to the combat zone. Since 
similar studies were not conducted before the war, it is 
impossible to confirm this assumption.

Since plants are the only source of food for bees, 
the main cause of the accumulation of toxins is direct 
contact and consumption of pollutants present in pol-
len and/or nectar [20]. Honey plants serve as an inter-
mediate link for the transfer of metals from water, air, 
and soil to human and animal organisms [21].

According to the results of our study (Fig. 3), it 
was found that the concentration of heavy metals in 
the bee bread is within permissible levels [14]. The 
mass fraction of As in it is 0.27 ± 0.05 mg/kg, which 
significantly exceeds the concentration of As in wild 

honey plants (< 0.0001 mg/kg). Bee bread is mainly com-
posed of flower pollen, which by its nature has a high ad-
sorption capacity. It easily bioaccumulates heavy metals and 
toxins not only from the cell sap of plants but also directly 
from the atmosphere. Plants absorb As mainly through their 
roots from the soil. However, bees and their products of life 

Fig. 3. Concentration of heavy metals in a sample of bee bread
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Fig. 4. Concentration of heavy metals in a test sample of honey
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Table 1

Heavy metal translocation factor

Heavy metal concentration, mg/kg Pb Сd As
Wild honey plants 1.64 ± 0.44 0.08 ± 0.04 <0.0001

Bee pollen 0.15 ± 0.01 0.01 ± 0.05 0.27 ± 0.05
ТF 0.09 0.13 –

Honey 0.09 ± 0.01 0.007 ± 0.01 0.17 ± 0.11
ТF 0.06 0.09 –
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are exposed to additional effects. They collect water to cool 
the hive and dissolve food. If this water is contaminated, the 
toxin gets into honey and bee bread regardless of how much 
it is contained in honey plants.

It is also interesting that the mass fraction of As in 
honey (0.17 ± 0.11 mg/kg) is significantly higher than in 
honey plants (< 0.0001 mg/kg) collected for the study. 
A probable reason may be the fact that bees evaporate a 
significant part of the water from nectar to make honey. 
If there was a microscopic dose of As in nectar, then after 
condensation its concentration per unit mass increases. 

According to the results of our analysis (Table 1), it 
was found that the mass fraction of Cd in bee bread is 
0.01 ± 0.05 mg/kg, which is only 0.04 mg/kg lower than the 
permissible level established in Ukraine [15]. At the same 
time, the coefficient of Cd transfer from honey plants to 
bee bread is the highest among the obtained results (0.13) 
but does not indicate a critical level of bioaccumulation. 
Some researchers associate the accumulation of Cd in bee 
pollen with military aircraft [22]. Therefore, it is advisable 
to continue monitoring its level in areas that are in military 
conflict zones.

The mass fraction of Pb in bee bread is 0.15 ± 0.01 mg/kg, 
which is higher than its concentration in honey (0.09 ± 
± 0.01 mg/kg). The bioaccumulation of this heavy metal in hon-
ey is 0.03 lower than in bee bread. The higher concentration of 
heavy metals in bee bread compared to honey is due to the fact 
that pollen is a direct product of collection from plant anthers, 
which absorb toxic substances from the air, soil, and precip-
itation. Pollen is not purified and accumulates heavy metals 
directly from the environment, unlike honey, which undergoes 
a fermentation process by bees. Honey undergoes complex 
physiological processes in the bee, which act as a kind of filter, 
reducing the concentration of pollutants compared to pollen.

This confirms the results of previous studies [23], which 
indicate that bees act as biofilters for toxic metals and prevent 
contamination of honey.

Heavy metal contamination of honey plants did not affect 
the mineral composition of honey, which is consistent with the 
results reported by other researchers [21]. The concentration of 
Cd in honey (0.007 ± 0.01 mg/kg) is significantly lower than in 
bee bread and honey plants but is close to the maximum limits 
established in the EU and Ukraine. This indicates that honey 
bees have the ability to remove Cd from honey.

Based on the results of our study (Table 1), the coefficient 
of transfer of Cd from wild honey plants to honey (0.09) is 
lower than the coefficient of its transfer to bee bread. Due to 
these features, pollen is more often used as a bioindicator of 
the ecological state of the area than honey [24].

Taking into account all the results obtained, beekeeping 
products produced within the 30-kilometer zone of military 
operations are safe but require further monitoring.

The practical significance of our study is that the results will 
be useful for beekeepers and consumers of beekeeping products. 
The results could be used to further assess the ecological state 
of this area. The limitations of this study include the fact that 
there are no maximum permissible concentrations specifically 
for honey plants. When analyzing the data, the norms of permis-
sible concentrations of heavy metals in plants were used. This 
does not make it possible to fully establish whether there is cur-
rently a problem of accumulation of heavy metals in beekeeping 
products as a result of military aggression.

The disadvantage of this study is that the samples col-
lected at only one private household in this settlement were 

analyzed. In addition, honey plants within a radius of 2 km 
from the household plot were analyzed, as the most likely 
place for bees to collect nectar and pollen, but it is known that 
the radius of bee work is much larger. 

Therefore, there is a need for further research aimed at mon-
itoring the level of safety of beekeeping products in this area.

7. Conclusions

1. We have found that the mass fraction of Pb in honey 
plants exceeds the maximum permissible level by 5.5–8.2 times, 
which may be associated with military influence on the stud-
ied area. The mass fraction of Cd (0.08 ± 0.04 mg/kg) and 
As (< 0.0001 mg/kg) are within the permissible limits.

2. The mass fraction of heavy metals in bee bread and 
honey is within the permissible limits. However, the content of 
As (0.27 ± 0.05 mg/kg) in bee bread and Pb (0.09 ± 0.01 mg/kg) 
and Cd (0.007 ± 0.01 mg/kg) in honey is quite high. Considering 
that the content of heavy metals in honey is lower than their 
content in bee bread, it can be stated that bees are capable of 
reducing the concentration of pollutants in apiproducts.

3. The translocation factor for heavy metals transferred 
from honey plants to bee products does not exceed 1. Their 
translocation is not critical. However, given the high bioaccu-
mulation of Pb in honey plants in the studied area, it is advisable 
to monitor the safety indicators of bee products.
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