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Abstract

The aim of this study was to evaluate the effects of non-ionizing electromagnetic fields on immune status by
assessing morphocytometric changes in phagocytic cells from the hemolymph of bees involved in the cellular
immune response. The analysis also examined the relationship between these changes, the distribution of
electromagnetic power density, and the distance from the emission source. The results showed significant variations
in radiation power density as a function of distance, with the highest values recorded at intermediate distances,
particularly around 300 m, where both elevated levels and pronounced variability were observed. Hemolymph
analysis of nurse bees (7—45 days old) collected from apiaries located near sources of non-ionizing electromagnetic
radiation revealed a significant decrease in the proportion of phagocytic cell types, namely granulocytes (10%),
macrocytes (2%), microcytes (13%), plasmocytes (29%) and spindle-shaped cells (1%), compared with transport
stress. The decrease in the proportion of phagocytic cells observed in bees exposed to non-ionizing electromagnetic
radiation may be associated with alterations in cellular immune activity, suggesting a possible effect of
electromagnetic stress. Statistical analysis further demonstrated significant differences between the experimental and
control groups, reflected in a significant increase in the percentages of granulocytes, microcytes, and plasmocytes in
the experimental group compared with the control group.

Keywords: Apis mellifera, electromagnetic field exposure (EMF), hemocytes, phagocytic cells

1.Introduction natural and agricultural ecosystems, with potential
effects on the honey bee (Apis mellifera), a key
Hemolymph is the main compartment of the species for pollination and agricultural production
circulatory system of the honey bee and is [2].
responsible, among other functions, for cellular These findings support the hypothesis that EMF
immunity, with hemocytes being involved in the exposure may induce sublethal effects at the
recognition and elimination of pathogens. These cellular and systemic levels, thereby justifying the
cells also serve as indicators of both health status investigation of the immune response in exposed
and responses to stress factors [1]. Exposure to bees. At the biological level, EMFs may interact
electromagnetic fields (EMFs), generated by with insect organisms by inducing oxidative stress
electrical infrastructure and modern [3-5] and by being absorbed at the body level, as
communication technologies, represents an predicted by theoretical models [6]. Exposure,
increasingly prevalent environmental factor in including to low frequencies, may influence
physiological and behavioral parameters, affecting
* Corresponding author: Agripina SAPCALIU, metabolic processes, stress responses, and nervous
sapcaliagripina@yahoo.com system function [7, 8]. Mallinson et al. (2025)

110



Fatu V. et al./Scientific Papers: Animal Science and Biotechnologies, 2026, 59 (1)

demonstrated that exposure to electric fields
generated by low-intensity artificial sources may
alter bee foraging behavior, affect the efficiency
of resource collection, and produce sublethal
effects on their biological functions [9].

The immune system of bees relies largely on
cellular immunity, in which hemocytes play an
essential role, being involved in processes such as
phagocytosis, nodulation, and encapsulation. The
typology and functions of hemocytes in Apis
mellifera were described by Van Steenkiste et al.
1988 [10], and the activity of these cells may be
influenced by wvarious physiological and
environmental factors [11-14].

The scientific literature provides evidence that
non-ionizing electromagnetic radiation may
influence the immune system of this species.
Hemocytes play a central role in cellular defense,
and their morphocytometric analysis may provide
relevant information regarding changes in the
immune response and the health status of colonies.
Experimental studies show that exposure of the
honey bee to electromagnetic fields may induce
biochemical and molecular changes, as evidenced
by alterations in hemolymph parameters,
enzymatic  activity, gene expression, and
metabolism [15-18]. In addition, EMF exposure
may affect bee behavior, learning processes, and
orientation ability [19-21], with possible
consequences for pollination efficiency and
ecosystem functioning [22]. In this context, As et
al. (2025) highlighted that exposure to non-
ionizing electromagnetic fields induces behavioral
and physiological changes in bees, suggesting the
occurrence of a biological stress response
dependent on the intensity and duration of
exposure [23].

In this context, the present study aimed to evaluate
the impact of non-ionizing electromagnetic
radiation on the cell-mediated immune response of
honey bees (Apis mellifera) through the
morphocytometric  analysis of  phagocytic
hemocytes in the hemolymph.

2. Materials and methods

The study was conducted during the active
beekeeping season of 2024 by a research team
from the Research-Development Institute for Plant
Protection, Bucharest (ICDPP). The experimental
group included an apiary consisting of 85
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clinically healthy (strong) bee colonies belonging
to a private beekeeping operation, located in
Vilcea County (Figure 1), approximately 500 m
from sources emitting electromagnetic fields
(EMFs). This apiary was exposed to non-ionizing
electromagnetic radiation generated by
telecommunications  infrastructure  operating
across multiple frequency bands, in accordance
with  ANCOM  (National  Authority for
Management and Regulation in Communications)
frequency allocations. The experimental group
was analyzed in comparison with an unexposed
control group (42 bee colonies), located in the
same county, at a distance greater than 1500 m
from EMF sources, in an area without their direct
influence, where the electromagnetic field remains
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Figure 1. Geographic distribution of the monitored bee
colonies

Electromagnetic power density measurements
were performed using an Extech 480846 EMF
Meter (10 MHz—8 GHz) and a UNI-T UTS1032T
spectrum analyzer (9 kHz-3.2 GHz). For each
location, 25 power density measurements were
carried out, and mean and maximum values
(mW/m?) were calculated. The obtained data were
used to characterize the electromagnetic profile of
each location and to correlate it with the biological
parameters analyzed at the bee colony level.

2.1. Characterization of the experimental and
control groups

Bee colonies were evaluated morphoclinically,
bacterioscopically, mycologically, and
parasitologically, in accordance with the standards
of the World Organisation for Animal Health
(OIE, 2013) [24]. A total of 30 adult bee samples
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were subjected to clinical examination, assessing
general condition, behavior, and the presence of
any signs of disease. In addition, 30 brood comb
samples were evaluated macroscopically to
identify possible pathological changes, such as
brood irregularity, the presence of depopulated
brood, color changes, or other signs suggestive of
specific disorders.
2.2. Hemolymph and
methods

Live bee samples were collected in Foti-type
boxes, labeled, and transported to the laboratory
on the same day. Hemolymph was collected from
approximately 50 bees per sample (15-20 puL) by
intersegmental puncture and used for smear
preparation. Cytological examinations were
performed using a Nikon optical microscope
equipped with an image capture and
morphometric analysis system. The smears were
stained using several methods, namely modified
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Giemsa, May—Griinwald—Giemsa, and
hematoxylin—eosin, with the modified Giemsa
method being selected as the optimal method.
Microscopic  analysis, performed under oil
immersion using a 100x objective, involved the
evaluation of hemocyte morphology and
distribution.

The cytomorphological analysis of hemocytes was
performed on nurse bees aged 7-45 days,
collected during the active beekeeping season
from 5 colonies belonging to the experimental
group and 5 colonies belonging to the control
group. For each group, 15 live bee samples were
collected. From each sample, 3 smears were
prepared, and each smear was examined in
triplicate to ensure the accuracy and
reproducibility of the results. In total, 45 smears
were analyzed in the experimental group and 45
smears in the control group, allowing a rigorous
comparative analysis of the cytomorphological
parameters of hemocytes (Table 1).

Table 1. Sample distribution in the experimental and control groups

. No. of No. of No. of No. of No. of Total Total
Cytological . . . No. of . Hemolymph
Season colonies/ colonies/  live bee replicates bees/ samples samples
parameters of . smears/ volume/ .
type experiment control samples/ / group sampl (experimental  (control
hemolymph sample sample (uL)
al group group group e group) group)
. cytomorphological 5 5 15 3 3 50 15-20 45 45
active _ analysis
laboratory 5 5 15 - - 50 - 15 15

examinations

3. Results and discussion

The research was based on the idea that the
distribution of electromagnetic power density with
respect to the distance from the emission source
does not follow a uniformly decreasing pattern,
but is influenced by the radiation characteristics of
the antenna and the actual propagation conditions.
Thus, the exposure level was experimentally
assessed on site, by repeated determinations of the
electromagnetic = power density at each
investigated  location. Field measurements
revealed significant variations in power density
with distance, with maximum values recorded at
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intermediate distances, particularly around 300 m,
where both elevated levels and pronounced
variability were observed, suggesting the presence
of electromagnetic field focusing zones (main
radiation lobe). In conclusion, in the proximity of
the antenna, the values were relatively low,
indicating a non-uniform field distribution in the
near-field region, whereas at greater distances
(400-1500 m) a general decreasing trend was
observed, accompanied by local fluctuations that
may be explained by reflection, interference, and
multiple routes propagation phenomena (Figure
2).
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3.1. Morphocytometric analysis of phagocytes
in the hemolymph of clinically healthy adult
bees exposed to non-ionizing radiation under
field conditions

The results were interpreted in relation to the
typology and morphological characteristics of
hemocytes described in the scientific literature, as
well as to the classification proposed for honey
bee hemocytes [10]. In this context, the analysis of
hemolymph from nurse bees exposed to non-
ionizing electromagnetic fields highlights changes
compared with the hemocyte profile previously
observed under transport stress conditions [5].
Thus, the proportion of granulocytes was 9.99%,

Power density (mW/m?)

0m 50m 100m 200m 300 m 400m 500 m 600m  1000m  1500m
(under the antenna)

Distance from antenna (m)

Figure 2. Power density variation as a function of
distance from the antenna

Electromagnetic power density varied non- compared with 15.25% in bees subjected to
uniformly as a function of distance from the transport stress, while macrocytes and microcytes
emission source, with low values recorded in the showed similar values in the two experimental
proximity of the antenna (~5 mW/m?), a contexts (2.3% vs. 2.09% and 13.1% vs. 13.61%,
progressive increase up to a maximum at 300 m respectively). A more pronounced variation was
(~70 mW/m2), followed by a subsequent decrease observed in plasmocytes, which accounted for
with local fluctuations at greater distances, 29.11% in EMF-exposed bees, compared with
including an increase at 1000 m (~15 mW/m?) 65.25% reported in previous studies. Spindle-
(Graph 2). These results confirm that the distance shaped cells remained at a low level in both
from the emission source does not constitute a  Situations, with similar values of 1.02% and
direct indicator of the level of electromagnetic 1.19%, respectively. In contrast, the proportion of
exposure, and that in situ experimental assessment other hemocyte types was considerably higher in
is necessary for accurate field characterization. bees exposed to EMFs (44.21%) than in those

associated with transport stress (2.61%) (Table 2).

Table 2. Distribution of phagocytic cell populations in nurse bees of the experimental group

Biologic material: Type of phagocytic cells
adult bees granulocyte macrocyte microcyte plasmocyte  fusiform  other hemocyte
cell types
Authors’ previous research 15.25 2.09 13.61 65.25 1.19 2.61
(transport stress) (%) [5]
Exposed nurse bees (%) 9.99 2.3 13.1 29.11 1.02 44.21
Overall, these results suggest that EMF exposure during sample collection, large spherical
is associated with a redistribution of hemocyte formations (30-50 pum in diameter), stained in
populations, characterized by the maintenance of shades of red or pale violet, were observed. Within
similar values for macrocytes, microcytes, and these structures, internal areas referred to as
spindle-shaped cells, but also by a reduction in “islands” were identified, representing denser and
granulocytes and, in particular, plasmocytes, more intensely stained regions, resembling the
compared with the profile observed under nuclei of adipose cells in the fat body. Unlike the
transport stress conditions. The increase in the latter, however, the observed formations lacked
proportion of other hemocyte types also supports cytoplasm and exhibited characteristic features
the emergence of a distinct hemocyte profile in similar to those described by Wille et al. (1974)
nurse  bees exposed  to non-ionizing [25], who hypothesized that these structures might
electromagnetic fields. represent centers of hemocyte formation. In
In the structure of certain fat body fragments, addition, the examined smears revealed suggestive
possibly accidentally drawn into the hemolymph images of mitotic multiplication processes in GR
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+ OE-type cells (granulocytes and oenocytoids). division. In the case of PL3-type plasmatocytes,

Both cells with two nuclei located at opposite another type of multiplication, of an amitotic
poles of the cell and pairs of adjacent cells with nature, was noted, manifested by a progressive
complementary semicircular shapes and nuclei median constriction process characteristic of direct
oriented toward opposite ends were observed, division. This mechanism was frequently observed
features indicative of advanced stages of mitotic in the analyzed smears (Figure 3).
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Figure 3. Granulocytes (a) and plasmocytes (b). Giemsa, x100

3.2. Morphocytometric analysis of phagocytes evaluating the changes observed in the
in the hemolymph of clinically healthy adult experimental groups exposed to EMFs.

bees unexposed to non-ionizing radiation In addition, the proportion of other hemocyte
The values obtained in the control group were types was very similar in the two situations
compared with the results of the authors’ previous analyzed, namely 89.91% versus 89.84%. These
studies conducted on clinically healthy bees [26], results indicate a stable hemocyte profile,
in order to assess the degree of similarity of the characteristic of normal physiological conditions,
hemocyte profile in the absence of exposure to and confirm that nurse bees not exposed to non-
non-ionizing radiation (Table 3). This comparison ionizing radiation exhibit a cellular composition
provides a useful physiological reference for comparable to that previously described for

clinically healthy individuals.

Table 3. Distribution of phagocytic cell populations in nurse bees (control group)

Biologic material: Type of phagocytic cells
adult bees granulocyte macrocyte microcyte plasmocyte fusiform other
cell hemocyte
types
Authors’ previous studies 0.50 1.85 7.00 0.61 0.20 89.84
(clinically healthy bees) (%) [5] _
Unexposed nurse bees (%) 0.6 1.77 6.9 0.62 0.2 89.91
In the control group, morphocytometric analysis changes in the hemocyte profile of bees,
revealed a distribution of phagocytic cells almost characterized by immune activation, an increase in
identical to that observed in the authors’ previous plasmocytes and granulocytes (Figure 4a-g), and a
studies conducted on clinically healthy bees. The reduction in non-phagocytic hemocytes (Figure
study results demonstrate that exposure to a non- 4h).

ionizing electromagnetic field induces significant
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Figure 4. Morphological types of haemocytes identified in bee haemolymph smears: plasmatocyte PL1 (a),
intermediate plasmatocyte PL2 (b), intermediate plasmatocyte PL3 (c), plasmatocyte PL4 (d), granulocyte (e),
oenocytoid (f), haemocyte division (h) and coagulocyte (g), Giemsa stain, x100

g h

3.3. Comparative morphocytometric analysis of microcytes (13.1% vs. 6.9%), plasmocytes
phagocytes in the hemolymph of clinically (29.11% vs. 0.62%), and spindle-shaped cells
healthy adult bees exposed and unexposed to (1.02% vs. 0.2%), as well as by a lower proportion

non-ionizing radiation of non-phagocytic hemocytes (44.21% vs.
Comparative analysis of hemocyte distribution 89.91%) compared with the unexposed group
revealed clear differences between nurse bees (Table 4). Overall, these results highlight a distinct
exposed to EMFs and those unexposed to non- hemocyte profile associated with EMF exposure,
ionizing radiation. The exposed group was characterized by an increased proportion of

characterized by higher values for all categories of phagocytic hemocytes and a reduced proportion of
phagocytic cells analyzed, namely granulocytes non-phagocytic hemocytes (Figure 5).
(9.99% vs. 0.6%), macrocytes (2.3% vs. 1.77%),

Table 4. Percentage distribution of phagocytic hemocytes and other cells in nurse bees under different
physiological and exposure conditions

Biologic material: Type of phagocytic cells
adult bees granulocyte  macrocyte  microcyte plasmocyte fusiform other types
cell
Exposed nurse bees EMF (%) 9.99 23 13.1 29.11 1.02 44.21
Unexposed nurse bees EMF 0.6 1.77 6.9 0.62 0.2 89.91
(%)

Although the differences in electromagnetic power dynamic exposure is associated with a biological
density measured at hive level are relatively small response characterized by physiological stress and
between the exposed group and the control group, immune activation, suggesting that the effects of
the non-uniform spatial distribution of the field electromagnetic fields on bees cannot be evaluated
and the foraging behavior of bees result in a more solely on the basis of static measurements, but
complex actual exposure. Bees in the exposed must also be correlated with the ecological
group are likely subjected to intermittent exposure behavior of the organism. Overall, the study
to high levels of electromagnetic fields, highlights the need to integrate behavioral and
particularly in areas of maximum intensity located environmental factors into the assessment of the
at intermediate distances from the antenna. This impact of electromagnetic fields on pollinating
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insects and suggests that non-uniform exposure
may have biologically relevant effects even under

conditions of apparently low average intensity.
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Figure 5. Comparative distribution of hemocytes in the hemolymph of nurse bees in the control group and the EMF-
exposed group

3.5. Statistical analysis of differences in
hemocyte type distribution between the control
group and the experimental group

The results of the statistical analysis are presented
in table 5. The analysis (one-way ANOVA
followed by Tukey’s post hoc test, a = 0.05)
revealed significant differences between the
control group (C) and the experimental group (E)
for certain hemocyte types. Thus, a significant

increase in the percentages of granulocytes,
microcytes, and plasmocytes was observed in the
experimental group (p < 0.0001), compared with
the control group. In contrast, the proportion of
non-phagocytic hemocytes was significantly lower
in the experimental group (p < 0.0001). No
significant  differences were identified for
macrocytes and spindle-shaped cells (p > 0.05).

Table 5. Comparison of hemocyte type distribution between the control group and the experimental group
(one-way ANOVA, Tukey’s post hoc test, a = 0.05)

ANOVA one-Way- multiple comparisons (Alpha 0.05)

Tukey's multiple comparisons test Mean 95.00% CI of Below Summar Adjusted P
(C) vs. (E) Diff. diff. threshold? y Value
Granulocytes -3.267 | -4.440 to -2.093 Yes o <0.0001
Macrocytes 0.2 -0.9733 t0 1.373 No ns >0.9999
Microcytes -2.267 | -3.440t0-1.093 Yes oAk <0.0001
Plasmatocytes -10.93 | -12.11 to -9.760 Yes HA A <0.0001
Spindle-shaped cells -0.3333 | -1.507 to 0.8400 No ns 0.9986
Other types of haemocytes 11 9.827to 12.17 Yes HAAK <0.0001

4. Conclusions observed under transport stress conditions,

The study results highlight a heterogeneous spatial
distribution of electromagnetic field exposure,
with a maximum power density recorded at a
distance of around 300 m from the antenna.

Nurse bees exposed to EMFs exhibited a
hemocyte profile different from that previously
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characterized by a reduced proportion of
granulocytes, microcytes, and plasmocytes,
together with an increased proportion of non-
phagocytic hemocytes.

The control group showed a stable hemocyte
profile, comparable to that previously described in
clinically healthy individuals.
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Comparison between nurse bees exposed to EMFs
and unexposed bees revealed changes in hemocyte
population distribution, characterized by an
increased proportion of phagocytic cells and a
reduced proportion of non-phagocytic hemocytes
in the exposed group.

Overall, the obtained data suggest a possible
association between EMF exposure and the
redistribution of hemocyte populations in nurse
bees. These results support the need for further
investigations into the biological effects of EMF
exposure on bees.

The conclusions of this study are based on our
own results and could not be compared with
similar studies due to the total or partial lack of
literature data regarding biochemical, histological
or behavioral changes induced by EMF exposure
for Apis mellifera.
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