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Abstract
Urban beekeeping has gained interest in recent years. Bees placed in cities, on the roofs of buildings, are exposed to many 
different sources of electromagnetic fields of different frequencies and intensities. Knowledge about the impact of electro-
magnetic fields on the physiology and behavior of insects (including honey bees) is limited. Hence, one of the first steps was to 
check how radiofrequency electromagnetic fields affect honey bees’ nutrition. The level of total proteins, glucose, triglycerides, 
and TAS activity in bee hemolymph was analyzed. This is because they indicate the honey bee’s nutrition level. The 
experiment involved 2-day-old Carniolan worker honey bees (Apis mellifera carnica L.). The bees were exposed to fields of 
12 V/m, 28 V/m, and 61 V/m for 0.25, 1 and 3 h. Hemolymph was taken from 40 alive worker honey bees from each group 
immediately after exposure, by removing the antennae with sterile tweezers. The activity of biochemical markers (total 
proteins, TAS, and triglycerides) in the bee hemolymph in 12 V/m and 28 V/m groups showed statistically significant 
differences compared to the control group in most cases. According to our own research, radiofrequency electromagnetic 
fields disturb honey bee nutrition. The changes in the analyzed indicators may have long-term effects.
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Introduction

Current radio communication systems use the 
electromagnetic field with frequencies ranges 
from approx. 180 kHz to 90 GHz, although 
bands up to 300 GHz are expected to be devel-
oped. The most popular of radio communication 
systems today – cellular systems – typically use the 
800 MHz, 900 MHz, 1800 MHz, 2100 MHz, 
2600 MHz bands and the latest 5 G systems − 
3600 MHz (Ziegelberger 2009; Bakker et al.  
2010). EM fields exposure levels limits for work-
place and public environments are defined by 
appropriate environmental protection regulations. 

Best known are the ICNIRP guidelines, but local 
regulations had also been established (Ziegelberger  
2009). The E-field limits for radio waves and 
microwaves are frequency-dependent and typically 
remains within the range of 6 V/m to 61 V/m. To 
initially estimate the far field E-field, the depen-
dence of the E-field intensity on the distance from 
the source and the power emitted in the direction 
of maximum radiation can be used. For this rea-
son, not only humans (Bakker et al. 2010) but 
also insects (Balmori 2021) (especially flying) are 
exposed to the threat posed by RF-EMF 
(Zmyślony et al. 2020)

*Correspondence: P. Migdal, Department of Bees Breeding, Institute of Animal Husbandry and Breeding, Wroclaw University of Environmental and Life 
Sciences, 38C Chelmonskiego St., Wroclaw 51-630, Poland. Email: pawel.migdal@upwr.edu.pl

The European Zoological Journal, 2024, 172–179                                                         
Vol. 91, No. 1, https://doi.org/10.1080/24750263.2024.2308550

© 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/ 
licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly 
cited. The terms on which this article has been published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.

http://orcid.org/0000-0002-2615-9760
http://www.tandfonline.com
http://crossmark.crossref.org/dialog/?doi=10.1080/24750263.2024.2308550&domain=pdf


Where: EIRP – equivalent isotropic radiated power 
through the antenna [W], r – distance from the 
antenna [m].

For typical cellular systems, the total EIRP for 
antennas can be assumed to be in the range of 2  
kW to 20 kW. Table I presents the maximal dis-
tance, calculated according to formula (1), up to 
which the exemplary field strengths on the direction 
of maximum antenna radiation are exceeded.

It should also be noted that the environment is 
full of sources of higher (e.g. radars) or lower power 
(radio link) (Balmori 2021). But also insects 
(Zmyślony et al. 2020) (especially flying) are 
exposed to the threat posed by RF-EMF.

Urban beekeeping has gained interest in recent years 
(Salkin 2012). Bees are placed in cities where there are 
many different sources of electromagnetic fields. 
Placing beehives on the roofs of buildings in urban 
centers is becoming increasingly popular. In this way, 
they are exposed to electromagnetic fields of various 
frequencies and intensities (Gallai et al. 2009; Lorenz & 
Stark 2015; Migdał et al. 2020).

Worker bees penetrate the environment in search of 
nectar and pollen. They are the basis of a bee’s diet and 
a source of protein, carbohydrates, fats and minerals. 
Proteins and amino acids derived from food are 
involved in the formation of the cytoskeleton, enzyme 
production, tissue construction, and formation of 
immune proteins (Azevedo et al. 2016). In a honey 
bee’s body, the proteins concentration in the hemo-
lymph ranges from 1% to 10%, hence proteins is con-
sidered one of its main components. The concentration 
of proteins in a honey bee’s hemolymph depends on 
the bee’s age, the availability of nutrient sources in the 
environment, and the degree of environmental pollu-
tion (Bounias & PARIS 1975; Domatskaya 1980; 
Weinberg & Madel 1985; Moritz & Crailsheim 1987).

During the day, the honey bee can cover 
a distance of up to 13.5 km searching for food 
(Beekman & Ratnieks 2000) which means it has 
a high energy requirement. Carbohydrates are the 
primary source of energy for honey bees (Thompson  
2003). The main sugar found in hemolymph is glu-
cose. It may come from fructose conversion in the 

metabolic pathway. It is stored in the form of treha-
lose or glycogen (Blatt & Roces 2001). Honey bees 
use fat (triglycerides) stored in the fat body as an 
energy reserve in periods of no flow or wintering. 
This fat also provides energy during a long flight and 
during bee colonies’ spring development (Hahn & 
Denlinger 2007; Chobotow & Strachecka 2013).

Environmental stress has a very large impact on the 
honey bee body’s proper functioning. One of the lines 
of defense against oxidative stress is the antioxidant 
system (Migdał et al. 2020). Oxidative stress is 
a condition in which the antioxidant defense system 
cannot counteract free radicals damage (Halliwell  
2007). The lack of food in the environment as well 
as the lack of proper bee feeding in winter can cause 
oxidative stress (Tawfik et al. 2020). In studies on the 
impact of modulated radiofrequency electromagnetic 
fields (900 MHz) and intensity of 23 V/m for 2 h on 
honey bee larvae, it was shown that exposure had 
quite a significant effect on the antioxidant system 
activity. Glutathione S-transferase activity decreased 
while catalase activity significantly increased in honey 
bee larvae after exposure (Vilić et al. 2021). The 
influence of the radiofrequency electromagnetic field 
already at the level of the mobile phone frequency 
(900 MHz) reduced the hatching ratio but not the 
mating success (Odemer & Odemer 2019).

So far, studies on RF EMF have shown no effect 
on the reproductive capacity of small invertebrates 
using frequencies of 900 MHz (Vijver 2014). In 
a study on ants using 940 MHz, a high effect on 
their behavior was shown. Ant locomotion has chan-
ged significantly and orientation to their alarm pher-
omone has become poorer (Cammaerts et al. 2014). 
Knowledge about the impact of electromagnetic 
fields on the physiology and behavior of insects 
(including honey bees) is limited.

Exposure to an electromagnetic field with 
a frequency of 50 Hz showed a significant effect on 
nutritional and antioxidant indicators of the hemo-
lymph of honey bees, such as, among others: total 
protein, glucose and triglycerides (Migdał et al. 2021). 
The effect on these indicators of radio frequency fields, 
including specific 900 MHz frequency intensities, has 
not yet been thoroughly investigated, but reports using 
cell-phone radiations indicate a possible impact of this 
factor on the nutritional parameters of honey bee 

Table I. Exemplary E-field calculations in a public environment, taking as the source the transmit-
ting antennas of typical cellular systems base station according to Equation 1.

E [V/m] 61. 28. 12 6 3 1
r (EIRP=2kW) [m] 4 9 20 41 82 245
r (EIRP=20kW) [m] 13 28 65 129 258 775
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hemolymph (Kumar et al. 2011) (Toribio et al. 2022). 
The level of total proteins, glucose, triglycerides and 
TAS activity in bee hemolymph were analyzed, because 
they indicate the degree of nutrition of the honey bee’s 
body.

Material and methods

Honey bee worker rearing

The Carniolan worker honey bees (Apis mellifera carnica 
L.) were used in the experiment. The bees were 2 days 
old. To obtain bees of the same age, in 10 randomly 
picked colonies, the queen originating from the same 
mother-queen colony and inseminated with the drone 
semen from the same father-queen colony was placed 
in an isolator with an empty comb (435 × 300 mm) for 
egg-laying. After 20 days of brood development, the 
combs with bee brood were transferred to an incubator 
(temp. 34.4°C ±0.5°C, relative humidity of 70% ± 5%) 
for the emerging of worker bees. After the emergence, 
bees were randomly placed in cages (20 × 15 × 8 cm), 
according Migdal et al. (Migdał et al. 2020).

Exposure of honey bees to radio frequency 
electromagnetic field

To perform the experiment, a 900 MHz electromag-
netic field with narrowband FSK modulation was used. 
900 MHz is a frequency representative for the bands 
used in, for example, mobile telephony. Use of modu-
lation is intended to make the signal more similar to real 
radiocommunication signals. Under conditions of real 
exposure to electromagnetic fields, there are practically 
no unmodulated signals, so studies of the impact of 
a pure carrier wave can be considered unrepresentative.

In order to keep the exposure conditions as close as 
possible to real environmental exposure, in experi-
ment was used exposure system with the EMF field 
emitted by the antenna in free space, and the test 
objects were placed in the far field of the antenna. 
The setup configuration ensured the absence of 
reflections and multipath propagation. Field strength 

uniformity and stability were controlled by measuring 
the field strength distribution in the whole exposure 
area before the start of the tests and by continuous 
monitoring the power delivered to the antenna in the 
experiment duration. The measurements were carried 
out by the accredited testing laboratory LWiMP AB- 
361 using a wideband NBM-520 S/N C-0062 meter 
with probe EF-1891 S/N A-0335 calibrated by an 
accredited calibration laboratory AP-078 (calibration 
certificate LWiMP/W/082/21).

The electromagnetic background in the measure-
ment area (resultant field from other sources with the 
900 MHz signal generator turned off) did not exceed 1  
V/m in the 3 MHz-18 GHz band and 100 V/m for 50  
Hz. The bees were exposed to EM fields of 12 V/m, 
28 V/m and 61 V/m, for 0.25, 1 and 3 h using EMF 
test signal source. 25’ - short-term exposure to the 
electromagnetic field during a short reconnaissance 
flight of the worker bee. 1 h – the average time 
a worker bee stays in the environment in search of 
food – during a single flight. 3 h – the time a worker 
bee spends on bringing large and heavy portions of 
food from distant sources – during a single flight 
(Bradbear 2009). Field strength inhomogeneity over 
the whole exposure area not exceeding, respectively: 
±5% for field strength of 12 V/m, ±7% for 28 V/m and  
± 9% for 61 V/m. Fluctuations in field strength during 
the experiment did not exceed ± 3% (Figure 1).

Exposure of bees to radiofrequency electromag-
netic fields was carried out in laboratory conditions. 
The bees from the control group were placed in 
a separate laboratory in order to avoid the influence 
of the generated field.

Biochemical markers analysis

Hemolymph was taken from 40 alive worker honey 
bees from each group immediately after exposure to 
RF-field, by removing the antennae with sterile twee-
zers. Hemolymph was collected in a 20 μl glass capil-
lary. After collection, samples were stored at −80°C 
according to the method of Migdał et al. (2020). Total 

Antenna 

Signal generator
(900MHz, FSK)

Power 
amplifier

Power 
control

Cage 
with bees 

distance depending 
on desired field strength

Figure 1. The exposure system consists of a 900MHz modulated signal generator, amplifier, power control system and antenna. Cages 
with bees were located in the far field of the antenna’s main beam-at distances from the antenna, where the desired field strengths of 12V/ 
m, 28V/m and 61V/m were obtained.
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protein concentration, glucose concentration, trigly-
cerides concentration and total antioxidant status 
were determined with ABX Pentra assay kit 
(HORIBA ABX Diagnostics, France) according to 
the manufacturer’s recommendation. For all analyses 
ABX Pentra 400 was used. For each analysis of total 
proteins concentration 2 µl of hemolymph was used, 
for analysis of glucose concentration 4 µl of hemo-
lymph was used, for analysis of triglycerides concen-
tration 3 µl of hemolymph was used and for analysis of 
Total Antioxidant Status 5 µl of hemolymph was used.

Data analysis

For all statistical analysis, R 4.1.2 with RStudio (R 
Core Team 2021) was used. In all tests, the level of 
significance was α = 0.05. Normality of data distribu-
tion was tested by Shapiro–Wilk test. Kruskal–Wallis 
test with Holm correction for multiple comparison 
was used to check differences between groups (pack-
age “agricolae”) with the significance level of α = 5%.

Results

The activity of biochemical markers (total proteins, 
TAS, and triglycerides) in the bee hemolymph in 12  
V/m and 28 V/m groups showed statistically signifi-
cant differences compared to the control group (C) in 
most cases. The 12 V/m group exposed for 1 h showed 
statistically significant differences for all biochemical 
markers (Table II). In the group 61 V/m, fewer statis-
tically significant differences can be noted.

Total proteins concentration

The highest number of statistically significant dif-
ferences compared to the control group (C) can 
be seen in the protein content (Table II). Only the 
61 V/m group with exposure times of 0.25 h and 1  
h did not show statistically significant differences 
with the control group (C). The protein content 
in all groups was lower than in the control group 
(C). The highest protein content in the bee hemo-
lymph was recorded in the 61 V/m group with an 
exposure time of 0.25 h. This value was lower 
than the control group (C) by 15.5%. The lowest 
protein content in the bee hemolymph was 
recorded in the 12 V/m group with an exposure 
time of 1 h. This value was lower than the control 
group (C) by 59%.

Glucose concentration

The bees’ hemolymph glucose content compared to 
the control group (C) in the 12 V/m and 61 V/m 
groups was significantly higher after 0.25 h, then 
lower after 1 h, and again higher after 3 h of expo-
sure (Table II). The opposite situation can be seen 
in the 28 V/m group – the glucose content was first 
lower, then higher, and then lower again. The high-
est glucose content in the bee hemolymph was 
recorded in the 61 V/m group at the exposure time 
of 3 h. This value was higher than in the control 
group (C) by 60.9%. The lowest glucose content 
in the bee hemolymph was recorded in the group 
of 61 V/m with the exposure time of 1 h. This value 
was lower than in the control group (C) by 47.5%.

Table II. Mean value of selected biochemical markers in the hemolymph of worker bees after exposure to a radio field with a frequency of 
900 MHz.

Group Time [h]

Selected biochemical markers (± SD)

Total proteins [g/L] Glucose [mmol/L] Triglycerides [mmol/L] TAS [mmol/L]

C - 2.95 (±0.73)A 12.95 (±2.76)B 0.76 (±0.07)ABC 1.2 (±0.23)AB

12 V/m 0.25 1.73 (±0.27)CD 19.34 (±4.31)A 0.69 (±0.05)DE 0.93 (±0.06)D

1 1.2 (±0.24)D 9.03 (±0.01)C 0.66 (±0.01)EF 0.72 (±0.02)EF

3 1.57 (±0.1)CD 14.31 (±2.84)B 0.73 (±0.01)BCD 1.08 (±0.03)BC

28 V/m 0.25 1.9 (±0.18)BC 8.02 (±0.15)DE 0.39 (±0.28)F 0.71 (±0.07)EF

1 1.9 (±0.5)BC 13.51 (±4.25)B 0.82 (±0.05)A 0.97 (±0.14)CD

3 1.6 (±0.63)CD 9.13 (±0.31)CD 0.53 (±0.4)CDE 0.67 (±0.04)F

61 V/m 0.25 2.5 (±0.18)A 14.54 (±0.93)B 0.65 (±0.02)EF 1.3 (±0.14)A

1 2.27 (±0.14)AB 6.8 (±0.81)E 0.79 (±0.04)AB 1.25 (±0.03)A

3 1.53 (±0.83)CD 20.84 (±5.28)A 0.77 (±0.13)ABCD 0.76 (±0.07)E

p-value 6.63e-05 3.23e-08 1.2e-04 5.4e-08

The name of the group is intensity, the control group is marked with the letter C. 
SD – standard deviation. 
A,B,C, … – different letters indicate statistical differences at p ≤ 0.05. 
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Triglycerides concentration

The content of triglycerides in the bee hemolymph 
after exposure to the radio field is lower than in the 
control group (C) in most cases (Table II). Only in 
the 28 V/m group with exposure time of 1 h and 61  
V/m group with exposure time of 1 h and 3 h, the 
content of triglycerides is higher than in the control 
group (C). The highest content of triglycerides in 
the bee hemolymph was recorded in the 28 V/m 
group with the exposure time of 1 h. This value 
was higher than in the control group (C) by 7.9%. 
The lowest content of triglycerides in the bee hemo-
lymph was recorded in the 28 V/m group with the 
exposure time of 0.25 h. This value was lower than 
in the control group (C) by 48.7%.

Total antioxidant status (TAS) concentration

The activity of TAS in the bee hemolymph, com-
pared to the control group (C), was lower in all 
groups except for the 61 V/m group at the exposure 
time of 0.25 h and 1 h where the activity was higher 
(Table II). The highest TAS activity in the bee 
hemolymph was recorded in the 61 V/m group with 
the exposure time of 0.25 h. This value was higher 
than in the control group (C) by 8.3%. The lowest 
activity of TAS in the bee hemolymph was recorded 
in the 28 V/m group with the exposure time of 3 h. 
This value was lower than in the control group (C) 
by 44.2%.

Discussion

Taking into account the exposure time, only in the 
12 V/m group it can be seen that the content of 
individual biochemical markers in the bee hemo-
lymph first decreased and then increased to 
a greater or lesser extent. It can therefore be con-
cluded that the correct interaction of the parameters 
with respect to each other has been preserved. 
Disturbances in physiological processes begin in 
the 28 V/m group and in the 61 V/m group. It 
could be concluded that the disturbance of these 
physiological changes could be affected by the time 
spent in the radiofrequency electromagnetic field at 
given intensities.

Total proteins concentration

Comparing the obtained results with the control 
group (C), the most statistically significant differ-
ences could be noticed in the protein content. 
Under the influence of the radiofrequency 

electromagnetic field, the level of protein in the bee 
hemolymph in the study groups was significantly 
lower than in the control group (C). In the 28 V/m 
group, only the protein level was different from the 
other research parameters, and both of these para-
meters differed in levels from each other. The level 
of total proteins in insect hemolymph may affect the 
antioxidant system activity. Hemolymph proteins 
plays a key role in insect physiology, including nutri-
ent transport, waste removal, and immune defense. 
The proteins in the hemolymph may also act as 
antioxidants themselves, providing a first line of 
defense against ROS (Felton & Summers 1995).

A study conducted on the tobacco hornbill 
(Manduca sexta) showed that dietary proteins 
restriction resulted in a decrease in proteins levels 
in the hemolymph and a decrease in the activity of 
antioxidant enzymes. Scientists hypothesized that 
this was due to a decrease in the availability of 
amino acids, which are essential building blocks of 
proteins and enzymes, leading to a decrease in the 
synthesis of these molecules (Wilson et al. 2019). 
Another study on the desert locust (Schistocerca gre-
garia) showed that a high-protein diet led to an 
increase in the activity of antioxidant enzymes in 
the hemolymph. Researchers suggested that this 
was due to an increase in the amino acids availabil-
ity, which may have stimulated the synthesis of these 
enzymes (Xiao et al. 2023).

Migdał et al. (2021) researched the effect of an 
electromagnetic field with a frequency of 50 Hz on 
the concentration of protein in the honeybee’s 
hemolymph at different times and intensity of 
exposure. In the studies, it was noticed that 
under the influence of the electromagnetic field, 
the protein concentration in the bee hemolymph 
increased significantly, which indicated distur-
bances in its distribution in the body. The results 
of both studies indicate changes in protein con-
centration. These changes depend on the fre-
quency to which the worker honeybees were 
exposed. Lower frequencies caused an increase in 
protein concentration, radio frequencies caused 
a decrease in its content in the hemolymph. Such 
a state may indicate various changes caused by 
these ranges of electromagnetic field in the body 
of the honey bee.

In general, total proteins levels in insect hemo-
lymph may influence the activity of the antioxidant 
system. This is possibly through its role in providing 
amino acids for the synthesis of antioxidant 
enzymes. However, the specific mechanisms under-
lying this relationship may vary depending on the 
insect species and its diet.
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Glucose concentration

In general, the level of glucose in insect hemolymph 
can have a significant impact on the antioxidant system 
activity, especially the glutathione system. It involves 
the production of glutathione, a tripeptide that sca-
venges free radicals and reduces ROS. The glutathione 
system activity may be influenced by the level of glu-
cose in the insect’s hemolymph (Liu et al. 2021).

Studies have shown that when blood glucose levels 
are high, the glutathione system activity can be sup-
pressed. This is because high sugar levels can lead to 
an increase in ROS production, which can overload 
the antioxidant system and lead to oxidative stress 
(Bajaj & Khan 2012; Papachristoforou et al. 2020).

On the other hand, when blood glucose levels are 
low, the glutathione system activity can be 
increased. This is because low glucose levels can 
lead to a reduction in the ROS production, which 
allows the antioxidant system to function more 
effectively (Papachristoforou et al. 2020).

Migdał et al. (2021). researched the effect of a 50 Hz 
electromagnetic field on the glucose concentration in 
the honey bee’s hemolymph with varying duration and 
intensity of exposure. The studies noted that the glu-
cose concentration after exposure to the E-field with 
a frequency of 50 Hz was statistically significantly lower 
in all groups than in the control group. Despite the 
differences in the frequencies studied, it was noticeable 
in our own research that most of the groups also showed 
a statistically significantly lower glucose concentration 
in the hemolymph than the control group.

Triglycerides concentration

The fewest statistically significant differences in 
comparison with the control group (C) occurred 
when examining the level of triglycerides.

The level of body fat and glucose in the hemo-
lymph are not directly related. However, there are 
various factors that affect the level of fat in insects’ 
body, including the level of glucose in the hemo-
lymph (Kaczmarek & Boguś 2021).

In insects’ diet, glucose is one of the main sources 
of energy, and glucose levels in the hemolymph are 
regulated by hormones and the nervous system. If 
glucose levels in the hemolymph is low, insects can 
break down stored fat for energy (Ziegler & Ibrahim  
2001; Zhou et al. 2004).

Studies have shown that in some insect species 
(e.g., the fruit fly Drosophila melanogaster), high 
hemolymph glucose levels lead to increased fat 
synthesis and body fat storage, and low hemolymph 
glucose levels lead to fat mobilization and weight 
loss (Lee et al. 2008; Grönke et al. 2010).

Migdał et al. (2021) studied the effect of an electro-
magnetic field with a frequency of 50 Hz on the con-
centration of triglycerides in the honey bee’s 
hemolymph, at different times and intensities of expo-
sure. It was observed that the differences in the study 
groups after exposure to the EMF were statistically 
significant compared to the control group. Despite the 
differences in the frequencies studied, similar differ-
ences were also observed in our own research.

Currently, there are few studies on the effect of 
the level of fat in insects’ diet on the activity of their 
antioxidant system. A study on fruit flies (Drosophila 
melanogaster) showed that a high-fat diet caused an 
increase in reactive oxygen species (ROS) in the 
body, which triggered an increase in the activity of 
the antioxidant system (D’Antonio et al. 2021).

Total antioxidant status (TAS) concentration

By examining the functioning of the honey bees anti-
oxidant system, we can obtain a lot of information 
about antioxidants in the body. The antioxidant system 
is one of the system that protects the body’s cells from 
damage caused by reactive oxygen species (ROS), 
which is formed during normal cellular processes or in 
response to stressors such as exposure to toxins, radia-
tion or infection. The antioxidant system includes sev-
eral enzymes, such as superoxide dismutase (SOD), 
catalase (CAD) and glutathione peroxidase (GPx), 
which together neutralize ROS (Harrison & Bonning  
2010; Farjan et al. 2015; Sies 2020).

The influence of nutrition on the antioxidant sys-
tem of insects is still under research, and there is no 
clear answer yet. It can be assumed that the antiox-
idant system is a very good indicator of proper nutri-
tion of insects (including honeybees).

Skowronek and Strachecka (Skowronek & 
Strachecka 2023) investigated the effect of cannabi-
diol (CBD) on the honeybee’s antioxidant system. 
The results of the research showed that CBD sup-
plementation can support the honeybee’s immune 
system by stimulating the antioxidant system.

Krishnan and Kordik (Krishnan & Kodrík 2006) fed 
two different diets to the Spodoptera littoralis caterpillar 
to see how they affected the antioxidant enzymes in the 
intestinal contents and tissues. The results confirmed 
that intestinal-derived antioxidant enzymes protect 
against endogenous and exogenous oxidative radicals.

Migdal et al. (2023) conducted a study on the 
effect of the 900 MHz electromagnetic field on the 
level of enzymatic activity and the expression of 
stress-related genes. Enzymes such as AST, ALT, 
ALP and GGTP are involved in the body’s defense 
responses to oxidative stress. The results they 
obtained are quite similar to those obtained in their 
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own research. The activity of the tested enzymes 
decreased after exposure. In our own research, 
a decrease in the activity of the oxidative system 
after exposure to the radio field can also be seen.

Conclusion

The results of the research confirmed that the radio-
frequency electromagnetic field can cause disturbances 
in the proper nutrition of honey bees organism. The 
changes that have taken place in the analyzed indicators 
may have long-term effects. It is still difficult to describe 
the mechanism of how the radiofrequency electromag-
netic field affects the body of insects. The experiment 
was carried out in the 900 MHz band, representing the 
lower frequency bands used in mobile phone systems. 
Further research work using higher frequencies is 
planned.

In further stages, it is also planned to extend the 
research with field research, which should provide 
more detailed information on the impact of RF-EMF 
on honeybees, as individual individuals may differ in 
sensitivity and degree of exposure to RF-EMF depend-
ing on sex, age. 
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