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Abstract: Exposure threshold values (ELF MF) according to WHO, 100 µT for the public 
and 500 µT for workers, are still being debated. This study examines the potential impact 
of anemia in BULB/C mice exposed to ELF MF intensities of 100 µT and 500 µT. The 
research design used a completely randomized design with intensity and duration of 
exposure to ELF MF as factors. A sample of 60 male Bulb/C mice were divided into 6 
groups, 2 groups exposed to ELF MF 100 µT, 2 groups exposed to ELF MF 500 µT, and 2 
control groups. Indicators of anemia include the number of erythrocytes, hemoglobin 
levels and hematocrit using the complete blood count (CBC) method. Two Way Anova 
analysis (α = 5%), proved that the intensity factor had a significant effect (p < 0.05) on the 
number of erythrocytes, hemoglobin levels and hematocrit levels, while the length of 
exposure factor had no effect (p > 0.05). Conclusion: Exposure to ELF MF intensity of 100 
µT for 30 days has the potential to cause anemia in BULB/c mice, but there appears to be 
an adaptive response due to exposure to ELF MF 500 µT. 
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Introduction  
 

Regrettably, it is inevitable that we find ourselves 
immersed in a vast expanse of extremely low-frequency 
electromagnetic fields (ELF EMF) in actuality, with a 
frequency range of 0–300 Hz (Cios et al., 2021). The 
current WHO recommendation  states that the 
acceptable levels of exposure to ELF electric and 
magnetic fields (at frequencies of 50 or 60 Hz) are 5 
kV/m and 100 µT for the general population, and 10 
kV/m and 500 µT for workers (WHO, 2007). However, 
this advice is still the subject of ongoing controversy (Qi 
et al., 2015). Epidemiological studies provide more 
evidence of a correlation between extremely low-
frequency magnetic fields (ELF MF) and the occurrence 
of several cancers, including leukemia, brain cancer, and 
breast cancer (Malagoli et al., 2023). Researchers studied 
people who were exposed to electric fields at work 
(levels below 1µT and 1 V/m) and found that they had a 
statistically significant effect on the number, shape, and 

movement of sperm. The objective of this study is to 
investigate the potential effects of anemia in BALB/c 
mice when exposed to very low-frequency 50 Hz 
magnetic fields with intensities of 100 µT and 500 µT. 

This work holds significant importance given the 
genuine presence of exposure to extremely low 
frequency magnetic fields (ELF MF) at levels of around 
100 µT in the environment (Wang et al., 2021). 
Accumulating epidemiological evidence indicates a link 
between exposure to extremely low frequency 
electromagnetic fields (ELF-EMF) and the occurrence of 
childhood cancer, Alzheimer's disease (AD), and 
miscarriage (Karimi et al., 2020). Nevertheless, the 
fundamental process remains obscure, necessitating 
further investigation to elucidate it (Nezamtaheri et al., 
2022). The ELF magnetic field, also known as the ELF 
EMF, exerts a greater influence on biological systems 
compared to the electric field component (Panagopoulos 
et al., 2021). The magnetic field has the ability to 
permeate biological substances, and its force interacts 
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with ions or charges, altering the potential of the cell 
membrane (Sudarti et al., 2018). 

Studies increasingly show that exposure to 
extremely low frequency (ELF) magnetic fields might 
hinder the formation and multiplication of bacteria. 
Exposure to extremely low frequency magnetic fields 
(ELF MF) at an intensity of 500 µT successfully inhibited 
the proliferation of salmonella bacteria in Vanamae 
shrimp and cow's milk (Sudarti et al., 2022; Sudarti, 
Permatasari, Ratnasari, et al., 2022). The vitamin C 
content in red wine was effectively conserved by 
exposing it to a magnetic field strength of 900 µT, which 
inhibited the growth of dangerous bacteria (Sudarti et 
al., 2022). The study revealed that subjecting apple 
tomatoes to a magnetic field strength of 1000 µT 
successfully inhibited the proliferation of detrimental 
bacteria, so ensuring the preservation of their (Sudarti et 
al., 2022). However, research has revealed that an 
intensity of 200 µT can stimulate the growth of bacteria 
in the cocoa bean fermentation process (Sudarti et al., 
2022), whilst an intensity of 300 µT has been found to 
increase the production of edamame fruit (Sudarti et al., 
2023). According to another study, it was found that the 
optimal dose to suppress the growth of lactic acid-
forming bacteria in green cayenne pepper was an 
exposure intensity of 500 µT for a duration of 120 
minutes (Nuriyah & Sudarti, 2022). This indicates that 
exposure to extremely low frequency magnetic fields 
(ELF MF) can have both advantageous and harmful 
consequences, contingent upon variables such as the 
intensity and duration of the exposure, as well as the 
characteristics of the cells involved (Nezamtaheri et al., 
2022).  

Erythrocytes, often known as human red blood 
cells, contain many types of ions that play a crucial role 
in preserving osmotic equilibrium and ensuring proper 
cell functionality. The presence of electric fields and 
extremely low-frequency (ELF) magnetic fields in the 
surroundings will exert a force on ions present in the 
bloodstream. The study findings indicated that being 
exposed to an extremely low-frequency (ELF) electric 
field with an intensity of 2.0 kV/m had an impact on the 
motion of red blood cells, also known as erythrocytes, in 
whole blood (Kanemaki et al., 2022). Prolonged 
exposure to ELF electromagnetic fields (EMF) 
significantly hinders the growth of cells, thereby 
potentially raising concerns about the development of 
anemia (Nezamtaheri et al., 2022). 

Anemia is a medical disorder characterized by a 
lower-than-normal count of red blood cells in the body. 
Erythrocyte count, hemoglobin level, and hematocrit 
value are crucial parameters for diagnosing anemia. A 
diminished quantity of erythrocytes or reduced 
hemoglobin levels within erythrocytes might result in a 
decreased hematocrit, suggesting the presence of 
anemia (Nguyen & Pandey, 2019). The study's results 

are important because they help us understand what 
might happen to our bodies when we are exposed to 100 
µT and 500 µT extremely low frequency (ELF) magnetic 
fields. 

This study aims to examine "erythrocyte response 
and the potential impact of anemia on bulb/C mice 
exposed to ELF magnetic fields with intensities of 100 µT 
and 500 µT". Erythrocytes, or red blood cells, are the 
most abundant type of blood cell in the human body. Its 
function is to transport oxygen from the lungs to the 
tissues of the body and carry carbon dioxide from the 
tissues back to the lungs for removal. Human 
erythrocytes contain several types of ions that are 
important for maintaining osmotic balance and cell 
function. Exposure to ELF electric and magnetic fields in 
the environment will exert a force on the ions in the 
blood. A 2022 study reported that exposure to ELF 
electric fields at an intensity of 2.0 kV/m affects the 
movement of red blood cells or erythrocytes in whole 
blood (Kanemaki et al., 2022). 

Anemia is a clinical condition that occurs when the 
number of red blood cells in the body is lower than 
usual. The number of erythrocytes, hemoglobin, and 
hematocrit are essential indicators for diagnosing 
anemia. A low number of erythrocyte  or low 
hemoglobin level in erythrocytes can cause a low 
hematocrit, signaling the possibility of anemia (Nguyen 
& Pandey, 2019). The results of this study are as literacy 
in providing a more precise explanation of potential 
biological effects by exposure to ELF magnetic fields of 
100 µT and 500 µT intensities. 
 
Method  
 
Sample Preparation of Bulb/C Mice 

This study was an experimental laboratory study, 
with a sample of 60 male Bulb/C mice aged four weeks, 
with the criteria of looking healthy, without defects, 
active, and with a body weight of around 20-25 grams. 
Before being treated, the mice were acclimated to 
laboratory conditions for seven days. Cultivation was 
carried out by placing mice in cultivated cages with a 
capacity of 5 per cage in an air-conditioned laboratory 
room. Animal feed and drink were given by ad libitum. 

 
Research Design 

The treatment in this study was exposure to ELF 
magnetic fields with intensity of 100 𝜇T and 500 𝜇T 
intermittently 2 hours/day for 15 days and 30 days. The 
sample of 60 male Bulb/C mice aged four weeks was 
divided into six groups. The control group for 15 days 
(K1) and for 30 days (K2), the group exposed to a 
magnetic field intensity of 100 𝜇T for 15 days (E1,1) and 
30 days (E1,2), and the group exposed to a magnetic field 
intensity of 500 𝜇T for 15 days (E2,1) and 30 days (E2,2). 
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The research design is presented as follows (see figure 
1). 

 

 
Figure 1. Research Design 

 

  
(a) (b) 

 
(c) 

Figure 2. a) Generator ELF, b) EMF Tester-827, c) Laboratory 
Room for the cultivation of Bulb/C Mouse Bulb/C 

 
ELF Magnetic Field Exposure Procedure 

The source of exposure to the ELF magnetic field in 
this study used an ELF Generator, namely an ELF 
magnetic field generating machine, and a tool to 
measure ELF magnetic fields using EMF-Test 827 at the 
Advanced Physics Laboratory of the FKIP University of 
Jember (see Figure 2). Every day the samples were 
exposed to an ELF magnetic field for 2 hours, then 
placed in the experimental animal cultivation laboratory 
at the FKIP, University of Jember.  
 
Ethical Requirements 

This research was conducted with permission from 
the Health Research Ethics Commission 
No.1745/UN25.8/KEPK/DL/2022 dated 06 October 
2022. 
 
Anemia Checking 

The assessment of anemia indications in this study 
through the complete blood count (CBC) method in the 

laboratory “New Prosenda” through the assessment of 
indicators of the number of red blood cells, hemoglobin 
levels, and hematocrit. Anemia assessment was carried 
out after the Bulb/C mice samples were exposed to ELF 
magnetic fields with the intensity of 100 𝜇T and 500 𝜇T 
intermittently 2 hours/day for 15 days and 30 days. 
Erythrocyte measurements were carried out by counting 
the number of red blood cells per microliter of blood 
(cells/µL). Hemoglobin is the iron-rich protein in red 
blood cells that carries oxygen to the body; a 
measurement of hemoglobin shows the hemoglobin 
level per deciliter (grams/dl). Hematocrit is a 
percentage of blood cells contained in the blood (%). The 
results of the normal distribution test showed that all 
groups of research data were not normally distributed, 
so Kruskal Wallis and Mann Whitney used a 
comparative analysis through the SPSS tool with α = 5%. 

 
Research Stages 

The stages of this research are presented in the 
Figure 3. 

 

 
Figure 3. Research Stages 

 
Result and Discussion 
 

Variables investigated as impact by exposure to ELF 
magnetic fields on the Bulb/C mice is anemia with 
indicators of the number of erythrocytes, hemoglobin 
levels, and hematocrit levels and has been examined in 
the laboratory by the method of complete blood count 
(CBC) test. 

 
Analysis Results 

The research data analysis aimed to compare the 
effects of exposure to the ELF magnetic field on the 
response of erythrocytes and the potential for anemia. 
Based on the results of the Normal distribution test, it 
showed that all data groups were not normally 
distributed. Therefore, data analysis was carried out 
using Kruskal Wallis and Mann Whitney through the 
SPSS tool with α =5%. In the following, the results of 
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data analysis are presented in tables and bar graphs for 
each indicator of anemia. 

 
Number of Erythrocytes 

Erythrocytes, also known as red blood cells, are one 
of the human body's most abundant types of blood cells. 
It is the main component of blood and functions in 
transporting oxygen from the lungs to other body 
tissues, as well as carrying carbon dioxide, which is 
produced as a by-product of metabolism back to the 
lungs to be excreted (Kuhn et al., 2017). Red blood cells 
are produced in the spinal cord through a process called 
erythropoiesis (Zhang et al., 2014). Erythrocytes has a 
life span of about 120 days in circulation before being 
destroyed and replaced by new erythrocytes 
(Thiagarajan et al., 2021). Data on the results of 
measurements of the number of erythrocytes of Bulb/C 
mice in the control group and the group exposed to ELF 
magnetic fields of the intensity of 100 𝜇T and 500 𝜇T 
intermittently 2 hours/day for 15 days and 30 days are 
presented in the following bar graph (see Figure 4). 

 

 
Figure 4. Average Number of Erythrocytes in Bulb/C Mice 

 
Furthermore, to determine the impact of ELF 

magnetic field exposure on the number of erythrocytes 
in Bulb / C mice, the results of a comparative analysis of 
the number of erythrocytes with Kruskal Wallis and 
Mann Whitney were presented in the following table 1. 

 
Table 1. Results of Comparative Analysis of the Mean 
Number of Erythrocytes 
Anemia 
indicator 

Exposure 
time 

Blood examination results data 
Control Exposure 

to 100 µT 
Exposure 
to 500 µT 

Erythrocyte (x 
106 cel/µL) 

15 days 8.61 ± 
0.147a 

8.39 ± 
0.548 b 

8.13 ± 
0.616 b 

Note: Different superscripts show significant differences 
(P<0.05), and the same superscripts show no significant 
differences (P>0.05). 
 

Based on the data presented in Graph 1 and the 
results of Kruskal Wallis statistical analysis and Mann 
Whitney in Table 1 showed that the average results of 
examining the number of erythrocytes in the control 
group on days 15 (K1) and 30 (K2) were not significantly 

different (p > 0.05). While the number of erythrocytes in 
the sample group of Bulb/C mice exposed to an ELF 
magnetic field intensity of 100 T intermittently 2 
hours/day for 15 days (E1,1) and 30 days (E1,2), was 
significantly (p <0,05 ) was lower than the control. The 
number of erythrocytes in the sample group of Bulb/C 
mice exposed to an ELF magnetic field intensity of 500 T 
intermittently for 2 hours/day for 15 days (E2,1) was 
significantly (p <0.05) lower than the control (K1). There 
were an increase in the number of erythrocytes in the 
sample group of Bulb/C mice exposed to an ELF 
magnetic field of 500 T intensity intermittently for 2 
hours/day for 30 days (E2,2), but not significant (p > 
0.05) in control (K2) or compared (E2.1).   

The normal number of erythrocytes in mice can 
vary depending on the race, age, and health condition of 
the individual. According to Benković et al (2012), the 
number of erythrocytes in normal mice is around 8.77 
(x106). Sitasiwi & Isdadiyanto (2017) reported that the 
number of erythrocytes in the control group mice was 
around 8,168 – 9,492 (x106).  The results of this study 
illustrated that exposure to ELF magnetic fields with 
intensities of 100 µT and 500 µT intermittently 2 hours / 
day for 15 days and 30 days affected the number of blood 
erythrocytes of Bulb / C mice samples, but still within 
the range of normal values. It appears that intermittent 
exposure to ELF magnetic field intensity of 100 µT 2 
hours / day for 30 days significantly reduces the number 
of erythrocytes to below normal values of 7.33 ± 1.356 
(x106). 
 
Hemoglobin Levels 

Hemoglobin is a protein found in erythrocytes and 
gives red color to red blood cells (Gell, 2018). One of its 
main functions is to bind oxygen and spread it 
throughout the body (Ahmed et al., 2020).  Data on the 
measurement of hemoglobin levels of bulb/C mice in 
the control group and the group exposed to ELF 
magnetic fields of 100 µT and 500 µT intermittently 2 
hours/day for 15 days and 30 days, are presented in the 
following bar graph (see Figure 5). 

 

 
Figure 5. Average Hemoglobin Levels in Bulb/C Mice 
Normal hemoglobin levels in mice can vary 

depending on race, age, and individual health 
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conditions. In the same study, the hemoglobin level of 
the control group mice was 15.90 (g/dL) (Akin-Osanaiye 
et al., 2015). The study reported that the hemoglobin 
level of the control group mice was around 14.26 ± 
0.671(g/dL) (Fotsing et al., 2021). The same also reported 
the normal value of rat Hb ranged from 11.6-16.1 g/dL 

(Douglas & Wardrop, 2010). In the following, the results 
of a comparative analysis with Kruskal Wallis and Mann 
Whitney are presented to explain the impact of ELF 
magnetic field exposure on hemoglobin levels in Bulb/C 
mice (see Table 2). 
 

 
Table 2. Results of Comparative Analysis of Mean Hemoglobin Levels 
Anemia indicator Exposure time Blood examination results data 

Control Exposure  
to 100 µT 

Exposure  
to 500 µT 

Hemo 
globin 
(g/dL) 

15 days 12.30 ± 0.29 a  11.59 ± 0.62 a  11.14 ± 1.09 a 
30 days 

12.24 ± 0.94 a 
 10.78 ± 1.47 b  11.98 ± 1.04 a 

Note: Different superscripts show significant differences (P<0.05), and the same superscripts show no significant differences 
(P>0.05). 

 
Based on the statistical analysis results of Kruskal 

Wallis and Mann Whitney in Table 2 and data 
presentation in Graph 2, illustrated that there was no 
significant difference (p > 0.05) in hemoglobin levels of 
Bulb/C mice between the 15-day control group (K1), the 
30-day control group (K2), the group exposed to an 
intensity ELF magnetic field of 100 T for 15 days ( E1-1), 
intensity of 500 T for 15 days (E2-1), intensity of 500 T for 
30 days (E2-2), but all are still within the range of normal 
values. While the hemoglobin level in the Bulb/C mice 
exposed to the ELF magnetic field intensity of 100 T for 
30 days (E1-2) significantly decreased (p <0.05) to below 
normal values (10.78 ± 1.47) g/dL. 

 
Hematocrit Levels 

Hematocrit measures the number of red blood cells 
in the blood and is commonly used to identify the 
presence of anemia and measure hemoglobin levels 
(Karakochuk et al., 2019). Data on the results of 
measuring the hematocrit levels of Bulb/C mice in the 
control group and the group exposed to ELF magnetic 
fields of intensity of 100 𝜇T and 500 𝜇T intermittently 2 

hours/day for 15 days and 30 days are presented in the 
following bar graph (see Figure 6). 

 

 
Figure 6. Average Hematocrit Levels in Bulb/C Mice 

 
Given that hematocrit level data in all groups were 

not normally distributed, data analysis was carried out 
using Kruskal Wallis and Mann Whitney to explain the 
impact of ELF magnetic field exposure on hematocrit 
levels in bulb/C mice presented in the following table 3, 

 

Table 3. Results of Comparative Analysis of Mean Hematocrit Levels 
Anemia Indicator Time Exposure Blood Examination Results Data 

Control Exposure to 100 µT Exposure to 500 µT 
Hematocrit (%) 15 days 41.63 ± 1.44 a 43.08 ± 2.59 a 39.82 ± 3.72 a 

30 days 42.05 ± 3.41 a 37.40 ± 4.72 b 42.39 ± 3.78 a 
Note: Different superscripts show significant differences (P<0.05), and the same superscripts show no significant differences 
(P>0.05).  

 
Hematocrit levels in normal rats are around 37.6% -

51% (Douglas & Wardrop, 2010). A low hematocrit can 
indicate anemia, a condition in which the body has few 
red blood cells (Domenica Cappellini & Motta, 2015). 
Based on the statistical analysis results of Kruskal Wallis 
and Mann Whitney in Table 3 and data presentation in 
Graph 3, illustrated that there was no significant 
difference (p > 0.05) in the hematocrit levels of Buib/C 
mice between the 15-day control group (K1), the 30-day 
control group (K2), the group exposed to an intensity 

ELF magnetic field of 100 𝜇T for 15 days ( E1-1), intensity 
of 500 𝜇T for 15 days (E2-1), intensity of 500 𝜇T for 30 
days (E2-2). However, all are still within the range of 
normal values. Meanwhile, the hematocrit level in 
Bulb/C mice exposed to the ELF magnetic field intensity 
of 100 𝜇T for 30 days (E1-2) significantly decreased (p 
<0.05) to below normal values (37.40 ± 4.72) % 

 
Discussion 

Cells can be viewed as individuals at the cellular 
level who constantly respond to environmental stimuli 

41.63 43.08 39.8242.05 37.40 42.39

0.00

10.00

20.00

30.00

40.00

50.00

60.00

Control Exp_100uT Exp_500uT

M
ea

n 
H

em
at

oc
ri

t  
(%

)

Group Exposure

15 days 30 days



Jurnal Penelitian Pendidikan IPA (JPPIPA) April 2024, Volume 10 Issue 4, 2050-2058 
 

2055 

or stressors through cellular responses and attempt to 
defend themselves. The mechanism for responding to 
sustained stressors is referred to as General Adaptation 
Syndrome (GAS). If the stressor is too severe, it will 
result in deviation from homeostasis. Under certain 
conditions, the cell can respond to the stressor and 
minimize the impact of the stressor until homeostasis 
can be restored. According to Selye's theory, GAS takes 
place in three sequential phases: 1) the alarm phase is 
also known as the "fight or flight" response, 2) the 
resistance or adaptation phase, 3) and finally, fatigue if 
stress is not resolved and homeostasis is not restored 
(Meduri & Chrousos, 2020). This discussion will 
examine the response of blood cells, especially 
erythrocytes, to the stressor of ELF magnetic field 
exposure based on Selye's theory. Changes in anemia 
indicators including the number of erythrocyte, 
hemoglobin levels, and hematocrit levels are a form of 
cell response to the stressor. 

The results of this study illustrated that changes in 
the number of erythrocytes, hemoglobin levels, and 
hematocrit levels in Bulb/C mice exposed to an ELF 
magnetic field intermittently for 2 hours/day for 15 days 
and 30 days at intensities of 100 𝜇T and 500 𝜇T had the 
same pattern. The pattern of changes in the number of 
erythrocytes, hemoglobin levels, and hematocrit levels 
in Bulb/C mice exposed to an ELF magnetic field with 
an intensity of 100 𝜇T intermittently for 2 hours/day 
decreased on the 15th day. It decreased on the 30th day 
until it reached a value below normal. While the pattern 
of changes in the number of erythrocytes, hemoglobin 
levels, and hematocrit levels in bulb / C mice exposed to 
ELF magnetic fields with an intensity of 500 µT 
intermittently 2 hours/day decreased on the 15th day 
and increased again on the 30th day to the original 
condition (not significantly different (p > 0.05) compared 
to controls).  

This pattern reflects the existence of the General 
Adaptation Syndrome (GAS) mechanism. The possible 
mechanism underlying the erythrocyte cell responds 
that the magnetic field force of the ELF is able to interact 
directly with the cell membrane and has an impact on 
increasing intracellular calcium (Wu et al., 2018). This 
condition can stimulate or inhibit cell proliferation, 
depending on the intensity and duration of exposure. 
Exposure to a very high-intensity ELF magnetic field of 
100 mT intermittently for 2 hours every day for a period 
of 28 days is effective in suppressing tumor growth 
(Barati et al., 2021). 

Cell response to exposure to the ELF magnetic field 
intensity of 100 𝜇T, reflects the alarm phase, namely the 
initial response to a stressor on day 15. There was a 
decrease in the number of erythrocytes, hemoglobin 
levels, and hematocrit levels not significant (p> 0.05), 
and it continued to decrease on the 30th day significantly 
(p < 0.05) until it reached a value below normal. The 

possible underlying mechanism is that exposure to the 
ELF magnetic field with an intensity of 100 𝜇T can inhibit 
cell proliferation by disrupting cell cycle development, 
thereby weakening cell function (Masoudi-Khoram & 
Abdolmaleki, 2022). 

The report of impact research results by exposure to 
ELF magnetic field intensity 100 µT proved that 
exposure to ELF magnetic field (50 Hz, 100 µT) for 20 
hours in white male rats aged eight weeks did not show 
a significant impact (Zhou et al., 2016). Further reports 
that intermittent exposure to ELF magnetic fields (50 Hz, 
100 µT) for 1 hour was shown to cause less DNA distress 
than controls (Wang et al., 2019). Researchers previously 
reported that exposure to EMF intensity of 2-10 µT in cell 
culture for 1 hour per day can inhibit the growth of 
malignant cells and does not affect the growth of non-
malignant cells (Buckner et al., 2015). While other 
studies also reported, that exposure to ELF magnetic 
fields (60 Hz, 120 µT) was able to stimulate the 
proliferation of human umbilical vein endothelial cells 
(Juutilainen et al., 2018). Based on the results of this 
study and the support of other previous studies, it can 
be said that exposure to ELF magnetic fields with an 
intensity of 100 µT for 30 days had the potential to cause 
anemia. But it still needs to be re- proved, because it is 
possible that if the exposure is continued for a longer 
time, it will go to the adaptation phase and back to 
normal conditions. 

The pattern of cell response to exposure to the ELF 
magnetic field intensity of 500 𝜇T intermittently for 2 
hours/day showed an alarm stage response on the 15th 
day, namely, the number of erythrocytes, hemoglobin 
levels, and hematocrit levels decreased. However, on the 
30th day, they will experience an adaptation phase, 
namely the number of erythrocytes, hemoglobin levels, 
and hematocrit levels will increase until they return to 
their original condition or experience reversibility. The 
decrease and increase in the number of erythrocytes, 
hemoglobin levels, and hematocrit levels were still 
within the normal range. The results of this study were 
relevant to the results of Song's research in 2018, which 
showed that single or repeated exposure to the ELF 
magnetic field (60 Hz, 6000 µT) can continuously 
encourage cell proliferation, but when without the ELF 
magnetic field the cells will return to normal (Song et al., 
2018). Mechanism of the reversible response of 
erythrocytes to exposure to an intense ELF magnetic 
field500 T in this study because the exposure treatment 
was only given 2 hours/day, meaning that the condition 
was free of exposure for 22 hours, and this was sufficient 
for self-recovery.  

Some research results on the impact of exposure to 
the intensity of ELF magnetic field 500 µT has been 
reported and is still contradictory. Exposure to magnetic 
fields of 500 and 1000µT may increase the proliferation 
rate of adipose-derived hMSCs according to the 
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duration of exposure. Exposure to 50 Hz ELF magnetic 
field intensity of 500 µT intermittently 20 and 40 
minutes/day for seven days was able to increase cell 
proliferation significantly (P <0.05) compared to control 
(Shahbazi-Gahrouei et al., 2017). However, exposure to 
the ELF magnetic field with intensities of 500 and 1000 
µT in vivo can optimally encourage the entry of Ca2+ 
and cause apoptosis, thereby inhibiting the growth of 
cancer cells (Nezamtaheri et al., 2022). It is this difference 
in research results that must be verified through 
repeated research. The main thing that causes 
differences in research results is the Extremely Low 
Frequency (ELF) electromagnetic field generator used by 
each researcher is very different. The quality of exposure 
to the electric field and magnetic field produced by the 
ELF is also various, and the impact will also be different. 
Generators that use bare coils will produce larger heat 
waves, so that a huge magnetic field will be generated, 
but not the ELF magnetic field. 
 
Conclusion  
 

Exposure to ELF MF intensity of 100 µT for 30 days 
has the potential to cause anemia in BULB/c mice, but 
there appears to be an adaptive response due to 
exposure to ELF MF 500 µT. 
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