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Abstract: The development of wireless technology and the desire to improve communi-
cation electromagnetic fields (EMFs) of various frequencies have become common across
the honey bee’s foraging landscape. There has been discussion for many years about
the possible impact of electromagnetic fields on living organisms. Artificial radio fields
emit frequencies ranging from 100 kHz to 300 GHz. The presented research aimed to
demonstrate the influence of the radiofrequency electromagnetic field (RF-EMF) with a
frequency of 900 MHz on the behavior of honey bees in laboratory conditions. For this
experiment, we used wooden cages to house honey bee workers immediately after they
emerged. Bee workers were divided into control and experimental groups. Bees in the
control group were not exposed to RF fields, while the experimental groups were exposed
to 900 MHz electromagnetic fields of different intensities and durations of exposure. Bees’
behavior was analyzed with an appropriate computer program. Behavioral analysis of bees
was performed immediately after exposure and seven days after exposure. Our research
has shown that the radio field (900 MHz) affects the behavior of bees compared to the
control group, although not all results are statistically significant. Significant effects were
observed seven days after exposure in walking, flight, and individual contact. However,
it is worth extending the study to include the impact of an RF-EMF on the expression of
genes responsible for bee behavior.

Keywords: behavior; honey bee; RF-EMF; 900 MHz

1. Introduction

With technological advancements and the growing demand for wireless communi-
cation, artificial electromagnetic fields (EMFs) have emerged as a new potential source
of stress for honey bees. Among EMFs, radiofrequency electromagnetic fields (RF-EMFs)
have gained particular attention in recent years, emitting frequencies ranging from 100 kHz
to 300 GHz [1]. However, one of the most commonly used frequencies is 900 MHz. It is
utilized worldwide in mobile communications and is known for its long operating range
and better penetration through infrastructures [2,3]. According to the European Parliament
directive (2013/35/EU) of 26 June 2013, the maximum permissible exposure to radio fields
is determined based on frequency. The most widely recognized guidelines for electromag-
netic field exposure limits are those established by ICNIRP [4]. The activity of radio fields
and microwaves depends on the frequency and typically ranges from 6 to 61 V/m.
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In recent years, studies have investigated the effects of radio fields on insects, including
the honey bee. Most of these studies provide evidence of the harmful effects of EMFs on
their bodies. Panagopoulos et al. (2004) report that a RF of 900 MHz reduces reproductive
capacity by 50-60% in fruit flies [5]. Bozorgmanesh and Kowkabi (2023) analyzed the
effect of electromagnetic waves from cell phones (at 900 MHz) on a phenomenon called
CCD (colony collapse disorder) [6]. CCD is characterized by a rapid decline in the number
of bees in a colony with no signs of disease [7]. The authors confirm that the 900 MHz
radiofrequency electromagnetic field interferes with the navigation system of honey bees,
preventing them from finding their way back to the hive. Similar conclusions were reached
by [8-10]. Balmori (2015) also confirms that 900 MHz radiofrequency electromagnetic fields
induce behavioral changes not only in higher animals but also in insects (e.g., ants, honey
bees, bumblebees, butterflies), primarily by disrupting their orientation in the field [11].

There is limited data on how radio fields influence honey bee fundamental behavior.
In laboratory studies, behavioral analysis typically assesses the basic behaviors of the
honey bee. Such behaviors include walking (time spent moving), flight (moving with
wings), individual contact (including trophallaxis and mutual grooming), self-cleaning
(grooming of body surfaces), and immobility (time the bee remains motionless) [12,13]. Still,
we do not have enough knowledge about the impact of 900 MHz on honey bee behavior.
Studying the behaviors of the honey bee in controlled laboratory conditions is essential
for understanding the underlying mechanisms that drive these activities. The behaviors
selected for investigation—flight, walking, grooming, social contact, and immobility—play
critical roles in the maintenance of colony health and individual fitness. Analyzing flight
can provide insights into the cognitive and sensory capabilities of honey bees. Research
has shown that honey bee flight is influenced by environmental factors, social interactions,
and even neurological processes [14]. Understanding these behaviors can inform us about
pollination efficiency and navigation strategies. Walking is fundamental for foraging and
colony activities. Studies have indicated that locomotion is affected by factors such as
age, experience, and environmental stressors [15]. Investigating walking behavior under
controlled conditions helps isolate variables that may impact honey bee movement and
efficiency. Grooming is critical for maintaining hygiene within the colony, and it plays
a vital role in disease resistance [16]. Observing grooming behaviors in the lab can help
clarify the mechanisms by which honey bees mitigate disease spread and manage external
parasites. Honey bees are highly social insects, and their interactions significantly influence
colony dynamics. Laboratory studies can simulate various social conditions, allowing
researchers to explore the effects of social contact on behavior, stress responses, and colony
cohesion [17]. Immobility can result from various stressors and is an important behavior
in analyzing environmental and chemical exposures. Studying this in a lab setting can
yield insights into how stressors affect overall bee health and function. The laboratory
study of these behaviors not only enhances our understanding of honey bee biology but
also informs conservation efforts and agricultural practices. Controlled experiments allow
for precise manipulation of variables, leading to clearer, actionable findings. Changes in
these fundamental behaviors are really dangerous for honey bee survival. This is the main
motivation for this research. Hence, the purpose of the present study was to investigate
whether an 900 MHz radio field affects selected behaviors (walking, cleaning, personal
contact, flight, and immobility) of the honey bee worker. In addition, we investigated
whether possible changes will be visible immediately after exposure or only after some
time (long effect).
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2. Methodology
2.1. Research Material

The research material consisted of worker western honey bees of the Carniolan honey
bee (Apis mellifera carnica), which were obtained in 2024 from 1 bee colony located in the
apiary of the Wroclaw University of Life Sciences (51°06'49.5” N 17°08'45.1” E). Frames
with brood on the 20th day of development were transported to the laboratory and placed in
an incubator, the conditions were similar to those in the hive (temperature 34.5 °C £ 0.5 °C
and humidity 70% =+ 5%). After the worker bees emerged, they had ad libitum access to
beebread and carbohydrate (1 mol/dm? sugar syrup and honey on frames) food. Honey
bee workers were distributed randomly in cages.

2.2. Experimental Design

After emerging, the honey bee workers were transferred to wooden cages (200 x 150
x 70 mm) with two food dispensers (5 mL each) and then were divided into 1 control
and 9 experimental groups. Each group (experimental and control) consisted of 7 cages,
and each cage contained 50 honey bee workers. The bees in the control group were fed
a 1 mol/dm?3 sucrose solution administered ad libitum. One-day-old bees were used for
the experiment and after the appropriate exposure time to the EMF, the remaining bees
continued to be fed a 1 mol/dm? sucrose solution administered ad libitum until the seventh
day after exposure.

Bees in the experimental groups were exposed to 900 MHz electromagnetic fields with
intensities of 12 V/m, 28 V/m, and 61 V/m for 15 min, 1 h, or 3 h each (Table 1). The
control group was not exposed to an RF field. The name of the test groups was the intensity
of the RF field and the duration of exposure (e.g., 12V/m15'1D-RF-EMF exposure with an
intensity of 12 V/m for 15 min for bees on the one day of exposure, 12V/m15'7D-RF-EMF
exposure with an intensity of 12 V/m for 15 min for bees seven days after exposure.). Bees
labeled “1D” represent bees on the one day of exposure, while “7D” represent bees seven
days after exposure.

Table 1. All experimental groups.

: Control

Groups Experimental Groups Exposed to 900 MHz Groups
Intensities 12V/m 28 V/m 61 V/m c C
Exposition time 1h 3h 151 3 15 1h 3h 151 3 15 1h 3h 15¥1 3 0 0
Days after exposure 1 1 7 7 7 1 1 1 7 7 7 1 1 1 7 7 7 1 7

2.3. Radio Field Generation

The RF-EMF source consisted of a panel antenna connected to an amplifier fed by
a 900 MHz radio frequency generator with narrowband FSK (frequency shift keying)
modulation. Cages with bees exposed to RF-EMF radiation were placed in free space
in the far-field conditions of the antenna, i.e., in the lobe area of the main antenna. The
cages were positioned to prevent electromagnetic coupling between the antenna and cage
and between cages. The cages containing the bees were placed at three fixed points with
field strengths of 61 V/m, 28 V/m, or 12 V/m (Figure 1).

Measurement of E-field distribution in the research area was carried out with an
NBM-520 S/N C-0062 m with an EF-1891 S/N A-0335 probe calibrated by an accredited
calibration laboratory AP-078 (calibration certificate LWiMP /W /082/21). Measurements
were performed by the accredited testing laboratory LWiMP AB-361. E-field inhomogeneity
in individual exposure areas did not exceed +12% for 61 V/m, £9% for 28 V/m, and
£5% for 12 V/m. The variation in E-field strength during the measurement period did not
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exceed £3% and was controlled by monitoring the power delivered to the antenna and
controlling the field strength in the exposed area.
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Figure 1. RF-EMF exposure diagram.

2.4. Behavioral Assessment

Immediately after the end of the exposure, 12 bees were randomly selected from each
group, taken from randomly chosen cages, and placed under the glass lid (20 x 20 x 20 cm)
to record behavior. A camera (SONY HDR-CX240E, Tokyo, Japan) was placed above the lid
to record bee behavior (Figure 2). Three bees were analyzed in one recording (4 videos per
group). The length of the recording was 360 s (of which the first 60 s was for adaptation
to the change in environment and 300 s was used for proper analysis). After the specified
time, the bees were replaced.

20x20x20cm

Figure 2. Schematic of the bee behavior analysis area.

The behavioral analysis was performed offline using Noldus Observer XT 9.0 soft-
ware, Wageningen, The Netherlands). Five basic behaviors characterizing the honey bee’s
motor and social activities were selected for analysis: walking—specifically movement
between the walls of the vessel; flight—wing movement and flying between the walls
of the vessel; individual contact—direct interactions between two individuals, including
trophallaxis and grooming (such as cleaning of the antennae, tongue, head, and thorax);
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and immobility—periods during which the bee remained completely still and did not
engage in any activity. Even though 1-day-old bees have not yet developed the ability
to fly, the behavioral analysis evaluates flight activity as wing movement and movement
between walls, which tests the general motor skills of the insect’s body. The behavioral
assessment consisted of a subjective assessment of the activities performed by the bee based
on the recording. Initially, the behavioral analysis using Noldus Observer XT 9.0 software
consisted of creating a corresponding design in the analyzer environment. The design of
the behavioral evaluation scheme used a mutually exclusive type of behavior. The design
did not use behavioral modifiers in the form of changing conditions or insect interference,
as all individuals were evaluated under the same conditions. Independent variables such
as age were excluded. At the same time, it was not assessed whether the insect’s body had
any deformations or damage, and all individuals were treated equally.

The average duration of the behavior (how much time the bees in the group spent
performing a given behavior) and the average number of occurrences of a given behavior
(how many times during the observation the individuals in the group showed the selected
behavior) were analyzed.

2.5. Statistical Analysis

Statistical analysis was carried out using the “R” program with the “R-Studio” (R Core
Team, 2021, R-3.4.4 for Windows, CRAN, Vienna, Austria) overlay. During the analysis,
a library (readxl) package was used, which helps in downloading data from Excel. The
library (tidyverse) package, through which access was gained to the tidyr package (makes
it easier to organize data) and dplyr (helps in data management).

The Shapiro-Wilk test was used to analyze the normality of the data distribution. The
statistical significance of data between groups was determined using the non-parametric
Kruskal-Wallis test with Holm'’s correction for multiple comparisons (agricolae package). In
all tests, a significance level of 5% was set.

2.6. Ethical Note

Our research does not require approval from an ethics committee.

3. Results

Most groups except the control-1D, 12V/m3h1D, 12V /m3h7D, 28V/m3h7D, 61V /m15'7D,
and 61V /m3h7D exhibited all five behaviors.

3.1. Total Number of Observed Behaviors

Analyzing the total number of occurrences of the indicated behavior of “walking”
in 1D bees, there were no significant differences between the control and test groups
(Figure 3). In 7D bees, it was possible to notice a statistically significant difference between
the Control-7D group and 12V/m15'7D (p-value < 6.96 x 10~7). The difference between
the two was almost 50%. Comparing the test groups of 1D bees to 7D bees, the opposite
pattern was observed. In 1D bees, the number of repetitions of the “walking” behavior
increased with increased exposure time to the RF-EMF, while for seven days after exposure
(7D) the number of repetitions of this behavior decreased with increased exposure time to
the RF-EMFE.

In the case of the behavior of “individual contact”, no significant changes were ob-
served between the test groups and the control group in both the “1D” bees and the bees
seven days after exposure (7D). However, it is worth noting that between the 61V/m3h1D
test group and the same group seven days after exposure (61V/m3h7D), there was an
almost fourfold increase in the repetition of the behavior that was “individual contact”
(p-value = 0.0032). This difference is statistically significant. A similar situation was also
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noted when comparing the 28V/m15'1D group with 28V/m15'7D. Seven days after expo-
sure, the observation of the behavior of “individual contact” was almost three times greater,
and this difference was also statistically significant (p-value = 0.0015).

Walking Individual contact
Control - 1D N ——— abc Control - 1D I defg
12vimis'tD I abe 12v/m1s'1D g
2vminD I ————— « 12v/min1D defg
12v/m3n1D e a 12V/m3n1D I efg
28V/mis'iD I abe 28V/m15'1D ) ! defg
28V/mihiD I abe 28V/mihiD ) fg
28v/m3nip - abe 28v/m3n1p ) cdefg
6tvmistp —__ }——¢ 61vmistD 1} « cdefg
61V/mihip i be 61V/mihiD T} “defg
£ 61V/m3h1D } a G AR Y1) N — <efg
& Control-7> I < & Control- 70 « abed
12VmIS7D e —] & 12v/m1s'7D « abedef
12v/min7D |} abc 12V/m1n7D ] abe
12V/m3h7D ] abe 12v/m3h7D + abede
28vimis7D e abe 28V/m15'7D [ ] ab
28V/m1h7D [ } ab 28V/imin7d ) « bedef
28v/m3n7d I abe 28vm3n7d ) abe
61V/m15'7D + abe etvimistp ] « abed
61V/m1h7D } sbe I L e —— bedefg
6lvm3np [ abe 61V/m3h7D } ‘a
0 5 10 15 20 25 30 35 40 0 2 4 6 s 10 12 1 1%
Average number of observed behavior Averiige fambé of obsEived bekiaviay
Flight Cleaning
Control - 1D I ) Control - 1D I
12v/mi1s'1D ) ——— abede 12v/m1s'1D I
12v/mih1D [ —— efgh 12v/mih1D )
12V/m3h1D N ——— bedefg 12v/m3h1D
28V/m15'1D [ bedefg wvmisty o ———————
28V/mih1D T —h 28v/minip o ——t
28V/m3hiD T b 28vm3nip
61VmIS'ID _____ }— h 6vmsw —____—————————————p—————————————
AN T I — e T 61V/mtip ______——————————}p—
golwmsnm  }———ifgh é‘sl\‘/mshm |
R ——— & Control-70 I
12v/m1s'7D I ab 12v/m15'7D
2v/mih7D e} abcd 12v/m1h7D
12V/m3h7D N —— bedef 12v/m3h7D
28V/m15'7D - bedef 28V/m15'7D [
28V/mih7D [ bedef 2vmind I ———————+
28V/m3h7D [T cdefgh 28v/m3n7D e ——————
61V/m15'7D ——————————abe ewvms0 —_________ }—r
61V/mINTD [ efgh 6Vmwp —______———————————— }p———————————
61V/m3h7D T defgh 6lvmwp T
000 020 040 060 080 100 120 140 160 180 0 1 2 3 4 B 6 7 8
Average time spent on observed behavior [s] Average number of observed behavior
Immobility
Control-1D |
vimisn I
12V/miniD
12V/m3h1D
28vim15'1D [
28vmind [
28V/m3h1D [ ]
6vimisty [ }———
61V/mih1D | J——

e —

& control-70
sy
Vi)
12V/m3h7D
wvmis
P |

28V/m3h7D
61V/mIS'7D |
61V/m1h7D —
61V/m3h7D
0 05 1 15 2 25 3 35 4 45

Average number of observed behavior

Figure 3. Average number of observed behaviors. 1D—Bees on the day of exposure; 7D—Dbees
seven days after exposure. Different letters indicate statistical differences between one-day and
seven-day bees. Bars present mean value; error bars show standard deviation.

The number of repeated behaviors which were “flight” did not show statistically
significant differences when comparing the 1D test groups with the control group-1D.
However, it was observed that 1D bees exposed to the intensity of 12 V/m and 61 V/m were
more likely to exhibit the “flight” behavior as exposure time increased (p-value = 0.0001).
In bees seven days after exposure (7D), we observed a threefold increase in the number of
repeated “flight” behaviors in the 12V/m15'7D group compared to the control-7D group
and a twofold decrease with increased exposure time (p-value = 0.0005).

Behaviors such as “immobility” and “cleaning” showed no statistically significant differences.



Agriculture 2025, 15, 1266

7 of 11

3.2. Average Time Spent on a Given Behavior

Analyzing the average time spent on a given behavior such as “walking”, no difference
was observed between the group of bees tested at 1D and the control group-1D (Figure 4).
On the other hand, it can be seen that the bees in the 12V /m3h1D group spent, on average,
twice as much time “walking” as the bees in the 12V/m1h1D group. In the case of 7D, only
bees in the 12V/m15'7D group devoted about 32% less time to “walking” than bees in the
control-7D group (p-value < 4.26 x 10—-3).

‘Walking Individual contact

Control - 10 | — «bcdcf Control - 10 [

12v/m15'1D N ——— abe 12vimis1D

12viminip R 12v/mihiD I ————————

12V/m3hiD | bedef 12v/im3nip

28V/m15'1D [ abede P e S —

28vimihip T ab WvminD oo

28V/m3h1D T abedel 28V/m3h1D | }

GIVmIsD [ }——abe 6Vmiswp —

6V/mthip [ }—————abcd 61V/m1h1D —
5 61V/m3hiD [ }—idef £ 61V/m3n1D F—
E control-70 NN —— sbede E Control-7D

12v/m15'7> I 12v/mis7D

12Vimih7D N —— abede 12V/imih7D

12v/m3h70 N — abede 1zvim3nd

28V/m15'70 [ bedef 28vm1s7p oo ———————+

28V/imih7D T bedef 28v/minTd

28V/m3h7D T —— abede 28vim3nd

6IVmISTD [ p—ef 6vmisp — ————

61V/mIhTD [} edef 61V —___—— }——

61V/im3hTD 1 abedef 61Vm3wd —

0 10 20 30 40 50 60 0 5 10 15 20 15 30 35 40

Average time spent on observed behavior 5] Average time spent on observed behavior 5]

Flight Cleaning
Controt - 10 | b Conwrol- 1D I
12V/m1s'1D I —— abede 12vimis'D
12v/imihiD [ cfgh 12v/minip
12vim3ni> I bedefy 12vim3hiD e ———————
28V/m15'1D [ bedefg 2svimisy e —————————
28v/mihip T h 28vminD oo ———
28v/m3hID T b 28Vim3hid I ———t
[INYC B | O — i ) evmtstp _______————p—
[GRZEIIN T N — [ A Y e —

g‘ 6IV/m3mp T} ————ifgh Servmsmo Pt
G Control - 70— ¢ & Control-70
12v/mis7D ) ab 12vimis'7D
12v/imih7D I abed 12v/min7D
12V/im3h7D [ ——— bedef nRvmiD
28v/mis'7D [ bedef wvmis7 e ———————————
28V/mth7D [ bedef 28v/mivD
28V/m3h7D [ cdefgh 28V/m3h7D |
61V/m15'7D } abe 61V/m1S'7D }
——  ———

GV/mInD [t efgh 61V/m1h7D
AV — T )
000 020 040 060 080 100 120 140 160 180
Average time spent on observed behavior 5]

61V/m3h7D }—

P

10 15 20 25
Average time spent on observed behavior [s]

Immobility

Control - 1D
12V/m15'1D
12V/mIhID
12V/m3h1D
28V/m15'1D
28V/mlhID
28V/m3h1D

—
——m
|
=
—

P —
- }+——

61V/mIh1D

12V/m1h7D
12V/m3h7D
28V/m15'7D
28V/m1h7D
28V/m3h7D
61V/m15'7D
61V/mIh7D
61V/m3h7D

0 10 20 30 40 50 60
Average time spent on observed behavior [s]

Figure 4. Average time spent on observed behavior. 1D—Bees on the day of exposure; 7D—Dbees
seven days after exposure. Different letters indicate statistical differences between one-day and
seven-day bees. Bars present mean value; error bars show standard deviation.

In the case of the “flight” behavior, it can be noted that bees in the test groups devoted
less time to the behavior than those in the control group for both bees tested immediately
after exposure (1D) and seven days after exposure (7D). It can also be seen that the average
“flight” time was shorter with increased intensity and exposure time. Bees tested imme-
diately after exposure from the 61V/m15'1D group spent an average of 74% less time on
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“flight” than bees from the control-1D group. For bees tested seven days after exposure
(7D), the 28V /m3h7D group spent an average of 68% less time on “flight” than bees in the
control 7D group. Also noticeable was the large difference between the 61V/m15'1D and
61V/m15'7D test groups. Seven days after exposure, the bees devoted four times more time
(75%) to “flight” than the bees tested immediately after exposure (p-value < 1.32 x 10—4).

Behaviors such as “individual contact”, “cleaning,” and “immobility” showed no
statistically significant differences.

4. Discussion

Many studies using low- or extremely low-frequency electromagnetic fields have
reported that they observed no significant effects on honey bee behavior [9,18-21] but
few include radiofrequency electromagnetic fields. In this study, bees were exposed to
radiofrequency electromagnetic fields (900 MHz) to assess the effect of this factor on
their behavior.

Our research has shown that the radio field (900 MHz) slightly affects the behavior
of bees compared to the control group. On the other hand, it notes statistically significant
differences between the test groups exposed to the radio field immediately after exposure
and seven days after exposure. This implies that behavioral changes occur only sometime
after exposure to the RF field. Sharma and Kumar (2010) [22], studying the effects of
electromagnetic fields produced by cell phones (with a frequency of 900 MHz and an
intensity of 56.8 V/m) on honey bee behavior, noted that colony strength began to decline
and the queen began to lay fewer eggs. At the end of the experiment, the colony had
no honey or pollen reserves as a result of changes in the behavior of the foragers. The
experiment was conducted twice a week from February to April. However, the research
that was conducted by Mall and Kumar (2014) does not confirm that radio fields (from cell
phones or near a cell tower) affect brood rearing, honey production, or foraging behavior
in the honey bee [23].

The CCD phenomenon (colony collapse disorder), as previously described [24], may
be due to the effect of the RF field (900 MHz) in disrupting orientation in the field [6,8-10].
The limitation of the direct link between RF-EM and CCD is the fact that the changes
mainly concern flying bees, and in the case of CCD, the disappearance of young bees is
also important. However, the factor RF-EM is not indifferent to the behavior of worker
bees, as shown in these studies. Our study showed that RF fields reduce bee flight activity,
providing additional evidence that an RF-EMF may cause the weakening of bee colonies by
reducing their food supply and contributing to the intensification of the CCD phenomenon.
According to Sharma and Kumar (2010) [22], this can result in lower stores of honey and
pollen in honey bee colonies [22]. A study by Taye et al. (2017) [25] showed that the RF
field emitted by a cell phone mast had the greatest effect on the bee colony closest to the
mast (at a distance of 100 m). Bees from this colony showed reduced flight activity, like in
our study, and fewer returns to the hive.

Insects can sense weak electromagnetic fields, thanks to mechanoreceptors. Honey
bees use the Johnston’s organ located in the antennae to do this [26]. Greggers et al. (2013)
described that the honey bee’s antennae oscillate when stimulated by an electric field, which
can stimulate the sensory nerve system [26]. Studies conducted on ants show that 900 MHz
electromagnetic fields (emitted by cell phone masts) can have serious effects on nerve
cells, interfering with visual memory and smell and can even lead to complete memory
loss [27,28]. Insects (including honey bees) possess gamma-aminobutyric acid (GABA),
which is an inhibitory neurotransmitter [29]. GABA in the honey bee brain is found,
among others, in the antennal lobes, optic lobes, mushroom bodies, central complex, and
subesophageal ganglion [30,31]. It affects brain structures responsible for motor behavior,
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breathing, and flight [32,33]. Additionally, studies conducted on rats and mice exposed to a
radio field with a frequency of 900-2100 MHz on the central nervous system have shown
that the radio field affects brain development. Studies report that neurodegeneration occurs
in the brain after exposure to an RE-EMF [34-37].

The “cleaning” behavior refers to self-grooming and care between bees (allo-grooming).
Self-care in relation to honey bees involves cleansing their own body of the presence of
pathogens and parasites, and social grooming involves mutual cleansing of the bodies of
cohabiting individuals [38]. As mentioned, the radio field can affect the honey bee’s nervous
system and thus change its behavior. Our research showed no significant differences
between the control and study groups in terms of “cleaning” behavior. In the study by
Migdat et al. 2021 [18] it was observed that bees showed lower cleaning behavior than the
control group when exposed to a 50 Hz electromagnetic field. In our study, the effect of
a 900 MHz radio frequency field was assessed, indicating that this field has no effect on
cleaning behavior in honey bee workers.

In Lupi’s study (2021) [39], the influence of the electromagnetic field was also ex-
amined, not as a direct cause of the threat to the honey bee, but as one of the factors, so
the bees were tested in multi-stress conditions. In the assessment of the impact of the
electromagnetic field with simultaneous exposure to pesticides, compared to the groups
not exposed to an EF, the worst general health condition was shown, including the survival
of the colony, the appearance of pathologies, and behavioral anomalies, such as improper
storage of honey and excessive deposition of drone brood. This confirms the negative
impact of the field on the bees” organism.

5. Summary

A study of the effects of a radio frequency field (900 MHz) on honey bees under
laboratory conditions showed that the field slightly affected their behavior compared to the
control group. Significant differences in selected behaviors appeared only seven days after
the time of disposition. These studies have certain limitations because they are conducted
in laboratory conditions and on bees of a specific age. However, it is necessary to build a
solid foundation for further research and analysis of the impact of the electromagnetic field
of radio frequencies on the body and behavior of the honey bee.

Research on this issue should be continued and deepened. Further phases of research
should also include investigating the effects of an RF-EMF on the expression of genes
responsible for honey bee behavior.

Author Contributions: Conceptualization, PM., A.M. and P.B.; methodology, PM. and P.B.; validation,
PM. and E.B.; formal analysis, E.B.; investigation, PM., A.M., M.P. and K.L.; resources, PM., P.B., K.L.
and M.P; data curation, PM. and E.B.; writing—original draft preparation, PM., E.B., P.B. and A.M.;
writing—review and editing, PM., A.M., E.B.,, P.B., N.B. and M.P; visualization, E.B.; supervision,
P.M.; project administration, PM.; funding acquisition, PM. and P.B. All authors have read and agreed
to the published version of the manuscript.

Funding: This work was supported by the Department of Bees Breeding, project number
B010/0002/25. The publication is co-financed by the Wroclaw University of Environmental and Life
Sciences. The publication is co-financed by the Telecommunications and Teleinformatics Department,
Wroclaw University of Science and Technology.

Institutional Review Board Statement: Not applicable.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.



Agriculture 2025, 15, 1266 10 of 11

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References

1. Litvak, E.; Foster, K.R.; Repacholi, M.H. Health and safety implications of exposure to electromagnetic fields in the frequency
range 300 Hz to 10 MHz. Bioelectromagnetics 2002, 23, 68-82. [CrossRef] [PubMed]

2. Zhang, H.; Shou, G.; Hu, Y. Statistical analysis of 900MHz radio signal with autocorrelation properties. In Proceedings of the
International Conference on Communication Technology Proceedings, ICCT, Nanjing, China, 11-14 November 2010; pp. 603-606.
[CrossRef]

3. Chiaramello, E.; Bonato, M.; Fiocchi, S.; Tognola, G.; Parazzini, M.; Ravazzani, P.; Wiart, J. Radio Frequency Electromagnetic
Fields Exposure Assessment in Indoor Environments: A Review. Int. |. Environ. Res. Public Health 2019, 16, 955. [CrossRef]

4. Ziegelberger, G.; Croft, R.; Feychting, M.; Green, A.C.; Hirata, A.; d'Inzeo, G.; Jokela, K.; Loughran, S.; Marino, C.; Miller, S.; et al.
Guidelines for limiting exposure to electromagnetic fields (100 kHz to 300 GHz). Health Phys. 2020, 118, 483-524. [CrossRef]

5. Panagopoulos, D.J.; Karabarbounis, A.; Margaritis, L.H. Effect of GSM 900-MHz Mobile Phone Radiation on the Reproductive
Capacity of Drosophila melanogaster. Electromagn. Biol. Med. 2004, 23, 29-43. [CrossRef]

6. Bozorgmanesh, M.A.; Kowkabi, F. The Effect of Mobile Phone Electromagnetic Waves on Honey Bee. In Proceedings of the 5th
National Conference on Electrical & Mechatronics Engineering, Téhéran, Iran, 12 December 2019. [CrossRef]

7. Evans, ].D.; Chen, Y. Colony Collapse Disorder and Honey Bee Health. In Honey Bee Medicine for the Veterinary Practitioner; Kane,
T.R., Faux, C.M,, Eds.; Wiley: Hoboken, NJ, USA, 2021; pp. 229-234. [CrossRef]

8. Vanbergen, A.].; Potts, S.G.; Vian, A.; Malkemper, E.P.; Young, J.; Tscheulin, T. Risk to pollinators from anthropogenic electro-
magnetic radiation (EMR): Evidence and knowledge gaps. Sci. Total Environ. 2019, 695, 133833. [CrossRef]

9.  Shepherd, S.; Lima, M.A.P; Oliveira, E.E.; Sharkh, S.M.; Jackson, C.W.; Newland, P.L. Extremely Low Frequency Electromagnetic
Fields impair the Cognitive and Motor Abilities of Honey Bees. Sci. Rep. 2018, 8, 7932. [CrossRef] [PubMed]

10. Sahib, S. Electromagnetic Radiation (EMR) Clashes with Honey Bees. Int. J. Environ. Sci. 2011, 1, 897-900.

11. Balmori, A. Anthropogenic radiofrequency electromagnetic fields as an emerging threat to wildlife orientation. Sci. Total Environ.
2015, 518-519, 58-60. [CrossRef]

12.  Medrzycki, P.; Montanari, R.; Bortolotti, L.; Sabatini, A.G.; Maini, S.; Porrini, C. Effects of imidacloprid administered in sub-lethal
doses on honey bee behaviour. Laboratory tests. Bull. Insectology 2003, 56, 59-62.

13. Aliouane, Y.; El Hassani, A.K.; Gary, V.; Armengaud, C.; Lambin, M.; Gauthier, M. Subchronic exposure of honeybees to sublethal
doses of pesticides: Effects on behavior. Environ. Toxicol. Chem. 2009, 28, 113-122. [CrossRef]

14. Dacke, M.; Srinivasan, M.V. Honeybee navigation: Distance estimation in the third dimension. J. Exp. Biol. 2007, 210, 845-853.
[CrossRef] [PubMed]

15.  Fahrbach, S.E.; Robinson, G.E. Behavioral Development in the Honey Bee: Toward the Study of Learning under Natural
Conditions. Learn. Mem. 1995, 2, 199-224. [CrossRef] [PubMed]

16. Bak, B.; Wilde, J. Grooming behavior by worker bees of various subspecies of honey bees to remove Varroa destructor mites.
J. Apic. Res. 2015, 54, 207-215. [CrossRef]

17.  Seeley, T.D.; Kirk Visscher, P. Group decision making in nest-site selection by honey bees. Apidologie 2004, 35, 101-116. [CrossRef]

18. Migdat, P; Murawska, A.; Bierikowski, P.; Berbe¢, E.; Roman, A. Changes in Honeybee Behavior Parameters under the Influence
of the E-Field at 50 Hz and Variable Intensity. Animals 2021, 11, 247. [CrossRef]

19. Migdatl, P; Murawska, A.; Strachecka, A.; Bietikowski, P.; Roman, A. Honey Bee Proteolytic System and Behavior Parameters
under the Influence of an Electric Field at 50 Hz and Variable Intensities for a Long Exposure Time. Animals 2021, 11, 863.
[CrossRef]

20. Migdal, P; Berbe¢, E.; Bierikowski, P.; Plotnik, M.; Murawska, A.; Latarowski, K. Exposure to Magnetic Fields Changes the
Behavioral Pattern in Honeybees (Apis mellifera L.) under Laboratory Conditions. Animals 2022, 12, 855. [CrossRef]

21. Molina-Montenegro, M.A.; Acufia-Rodriguez, 1.S.; Ballesteros, G.I.; Baldelomar, M.; Torres-Diaz, C.; Broitman, B.R.; Vazquez, D.P.
Electromagnetic fields disrupt the pollination service by honeybees. Sci. Adv. 2023, 9, eadh1455. [CrossRef]

22. Sharma, P.V,; Kumar, N.R. Changes in honeybee behaviour and biology under the influence of cellphone radiations. Curr. Sci.
2010, 98, 1376-1378.

23. Mall, P; Kumar, Y. Effect of electromagnetic radiations on brooding, honey production and foraging behavior of European
honeybees (Apis mellifera L.). Afr. J. Agric. Res. 2014, 9, 1078-1085.

24. Kumar, S.S. Colony Massing Disorder (CCD) in Honey Bees Caused by EMF radiation. Bioinformation 2018, 14, 421-424. [CrossRef]

25. Taye, R.R.; Deka, M.K.; Rahman, A.; Bathari, M. Effect of electromagnetic radiation of cell phone tower on foraging behaviour of

Asiatic honey bee, Apis cerana F. (Hymenoptera: Apidae). J. Entomol. Zool. Stud. 2017, 5, 1527-1529.


https://doi.org/10.1002/bem.99
https://www.ncbi.nlm.nih.gov/pubmed/11793407
https://doi.org/10.1109/ICCT.2010.5688927
https://doi.org/10.3390/ijerph16060955
https://doi.org/10.1097/HP.0000000000001210
https://doi.org/10.1081/JBC-120039350
https://doi.org/10.2139/SSRN.4439490
https://doi.org/10.1002/9781119583417.ch19
https://doi.org/10.1016/j.scitotenv.2019.133833
https://doi.org/10.1038/s41598-018-26185-y
https://www.ncbi.nlm.nih.gov/pubmed/29785039
https://doi.org/10.1016/j.scitotenv.2015.02.077
https://doi.org/10.1897/08-110.1
https://doi.org/10.1242/jeb.002089
https://www.ncbi.nlm.nih.gov/pubmed/17297144
https://doi.org/10.1101/lm.2.5.199
https://www.ncbi.nlm.nih.gov/pubmed/10467576
https://doi.org/10.1080/00218839.2016.1147791
https://doi.org/10.1051/apido:2004004
https://doi.org/10.3390/ani11020247
https://doi.org/10.3390/ani11030863
https://doi.org/10.3390/ani12070855
https://doi.org/10.1126/sciadv.adh1455
https://doi.org/10.6026/97320630014521

Agriculture 2025, 15, 1266 11 of 11

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.
39.

Greggers, U.; Koch, G.; Schmidt, V.; Diirr, A.; Floriou-Servou, A.; Piepenbrock, D.; Gopfert, M.C.; Menzel, R. Reception and
learning of electric fields in bees. Proc. R. Soc. B Biol. Sci. 2013, 280, 20130528. [CrossRef]

Cammaerts, M.C.; De Doncker, P.; Patris, X.; Bellens, F.; Rachidi, Z.; Cammaerts, D. GSM 900 MHz radiation inhibits ants’
association between food sites and encountered cues. Electromagn. Biol. Med. 2012, 31, 151-165. [CrossRef] [PubMed]
Cammaerts, M.C.; Johansson, O. Ants can be used as bio-indicators to reveal biological effects of electromagnetic waves from
some wireless apparatus. Electromagn. Biol. Med. 2014, 33, 282-288. [CrossRef]

Mustard, J.A.; Jones, L.; Wright, G.A. GABA signaling affects motor function in the honey bee. J. Insect. Physiol. 2020, 120, 103989.
[CrossRef]

Schifer, S.; Bicker, G. Distribution of GABA-like immunoreactivity in the brain of the honeybee. |. Comp. Neurol. 1986, 246,
287-300. [CrossRef] [PubMed]

Bicker, G. Histochemistry of Classical Neurotransmitters in Antennal Lobes and Mushroom Bodies of the Honeybee. Microsc. Res.
Tech. 1999, 45, 174-183. [CrossRef]

Michelsen, D.B.; Braun, G.H.U. Circling behavior in honey bees. Brain Res. 1987, 421, 14-20. [CrossRef]

Leal, S.M.; Neckameyer, W.S. Pharmacological evidence for GABAergic regulation of specific behaviors in Drosophila
melanogaster. J. Neurobiol. 2002, 50, 245-261. [CrossRef]

Odaci, E.; Bas, O.; Kaplan, S. Effects of prenatal exposure to a 900 MHz electromagnetic field on the dentate gyrus of rats:
A stereological and histopathological study. Brain Res. 2008, 1238, 224-229. [CrossRef] [PubMed]

Bas, O.; Sonmez, O.F,; Aslan, A.; Ikinci, A.; Hanci, H.; Yildirim, M.; Kaya, H.; Ak¢a, M.; Odaci, E. Pyramidal Cell Loss in the
Cornu Ammonis of 32-day-old Female Rats Following Exposure to a 900 Megahertz Electromagnetic Field During Prenatal Days
13-21. Neuroquantology 2013, 11, 591-599. [CrossRef]

Sahin, A.; Aslan, A.; Bas, O.; Ikinci, A.; Ozyilmaz, C.; Fikret Sonmez, O.; Colakoglu, S.; Odaci, E. Deleterious impacts of a
900-MHz electromagnetic field on hippocampal pyramidal neurons of 8-week-old Sprague Dawley male rats. Brain Res. 2015,
1624, 232-238. [CrossRef] [PubMed]

Hasan, I.; Rubayet Jahan, M.; Nabiul Islam, M.; Rafiqul Islam, M. Effect of 2400 MHz mobile phone radiation exposure on the
behavior and hippocampus morphology in Swiss mouse model. Saudi J. Biol. Sci. 2022, 29, 102-110. [CrossRef]

Pritchard, D.J. Grooming by honey bees as a component of varroa resistant behavior. J. Apic. Res. 2016, 55, 38—48. [CrossRef]
Lupi, D.; Mesiano, M.P.; Adani, A.; Benocci, R.; Giacchini, R.; Parenti, P.; Zambon, G.; Lavazza, A.; Boniotti, M.B.; Bassi, S.; et al.
Combined Effect of Pesticides and Electromagnetic-Fields on Honeybees: Multi-Stress Exposure. Insects 2021, 12, 716. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1098/rspb.2013.0528
https://doi.org/10.3109/15368378.2011.624661
https://www.ncbi.nlm.nih.gov/pubmed/22268919
https://doi.org/10.3109/15368378.2013.817336
https://doi.org/10.1016/j.jinsphys.2019.103989
https://doi.org/10.1002/cne.902460302
https://www.ncbi.nlm.nih.gov/pubmed/3700720
https://doi.org/10.1002/(SICI)1097-0029(19990501)45:3%3C174::AID-JEMT5%3E3.0.CO;2-U
https://doi.org/10.1016/0006-8993(87)91269-8
https://doi.org/10.1002/neu.10030
https://doi.org/10.1016/j.brainres.2008.08.013
https://www.ncbi.nlm.nih.gov/pubmed/18761003
https://doi.org/10.14704/nq.2013.11.4.701
https://doi.org/10.1016/j.brainres.2015.07.042
https://www.ncbi.nlm.nih.gov/pubmed/26239913
https://doi.org/10.1016/j.sjbs.2021.08.063
https://doi.org/10.1080/00218839.2016.1196016
https://doi.org/10.3390/insects12080716

	Introduction 
	Methodology 
	Research Material 
	Experimental Design 
	Radio Field Generation 
	Behavioral Assessment 
	Statistical Analysis 
	Ethical Note 

	Results 
	Total Number of Observed Behaviors 
	Average Time Spent on a Given Behavior 

	Discussion 
	Summary 
	References

