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Abstract

Electromagnetic field levels describe the strength and frequency of electric and magnetic fields produced
by sources such as wireless devices, electronics and power lines. They indicate how much
electromagnetic energy is present in an area and are used to assess exposure and safety. Hence, the
electromagnetic field levels from eighteen (18) different handset models were investigated.
Electromagnetic field levels of the handsets were measured using an electromagnetic field meter.
Measurements were conducted at close proximity (Ocm to 5cm) from each device to simulate real-world
exposure. A heterogeneous and realistic head model was utilized to estimate the effects of
electromagnetic radiation coupling to the human head. The potential hazards posed by mobile phone
handsets on the human head were also addressed by evaluating the specific absorption rate (SAR) in
human tissue. The highest SAR value of 0.23+£0.01 Wkg~" was obtained in Samsung Galaxy (A11-
SN-A1157/B3) while Tecno Pop 4 Air, Iphone (MGFP34/A) and Bontel gave the lowest SAR values of
0.04+0.01 Wkg™?. These results, reveal that, the mobile handsets expose users to fields beyond
background levels, but the fields are within the threshold of 1.6 Wkg ™" by the Federal Communications
Commission (FCC) and 2.0 Wkg~? set by the International Commission on Non-Ionizing Radiation
Protection (ICNIRP) limits.

Keywords: Electromagnetic Field, Handsets, Human Head Tissue, Specific Absorption Rate,
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INTRODUCTION

The proliferation of mobile phone technology over the past few decades has significantly
transformed communication patterns globally. In Nigeria, as in many other developing
countries, mobile phone usage has grown rapidly, with millions of people relying on Global
System for Mobile (GSM) communication for both personal and business interactions
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(Obajuluwa et al., 2017). However, as mobile phone penetration deepens, concerns have arisen
regarding the potential health risks associated with prolonged exposure to electromagnetic
field (EMF) radiation emitted by GSM handsets.

GSM phones emit non-ionizing radiofrequency (RF) radiation during communication, which
has raised questions about its long-term biological effects on human health (Hardell and
Carlberg, 2015). Although RF radiation from mobile phones is considered low in power
compared to ionizing radiation like X-rays, its close proximity to the human body especially
the head during use makes it a subject of ongoing scientific scrutiny (WHO, 2020). Some
studies have suggested a possible link between long-term exposure to EMF radiation and
health outcomes such as headaches, sleep disturbances, reduced cognitive function, and even
increased risk of certain cancers (Belpomme et al., 2020). Also, under conditions of partial body
exposure to intense EM waves, significant damage might occur in sensitive tissues. The
human head plays host to some of the most sensitive organs like the eye and the brain (Hutter
et al., 2000).

Recent work by Abaka, Ekpenyong, and Emah (2024), measured EMF levels from selected
mobile phones and evaluated their harm-causing potential for users, adding to prior
assessments of handset- level exposure. Similarly, the study reported an extremely low
frequency (ELF) magnetic flux density from GSM mobile phones found that a 25mm from
handset, the geometric mean flux density at 217 Hz was about 221nT, indicating that mobile
phones can contribute substantially to ELF exposure in the general population. In another line
of work, a 2024 study introduced a smart phone -based methodology for assessing EMF
exposure, showing that using a purpose-designed app can provide comparative exposure
data to those from traditional broadband meters-facilitating more accessible and personal
measurement of exposure. On a broader regulatory and guideline context, a 2024 comparative
analysis of RF-EMF exposure guidelines found that exposure limits remain grounded in the
‘as low as reasonably achievable’ (ALARA) principle and that newer smart phone
technologies tend to require lower emission intensities than older models. These pieces of
evidence collectively show that while mobile phones do emit measurable electromagnetic
fields( both RF and ELF), several recent assessments including handset- level measurements
and updated exposure assessment methods find that exposure often remains within guideline
limits. Nonetheless, methodological advances (e.g., Smartphone-based monitoring) and
continued measurement are improving our understanding of real-world exposure levels and
variability.

Makurdi, the capital of Benue State in Nigeria, has witnessed a rapid increase in mobile phone
ownership, with users often unaware of the specific radiation levels emitted by different
handset brands. This raises public health concerns, especially in an environment with limited
regulatory enforcement regarding radiation safety standards. A health impact assessment
focusing on EMF radiation from commonly used mobile phone brands is very important for
evaluating potential risks and recommending appropriate mitigation strategies. This study
aims to evaluate the health risks associated with electromagnetic field radiation from selected
GSM handsets in Makurdi.

MATERIALS AND METHODS

The electromagnetic field meter labelled Extech instruments with serial number 480823
manufactured in Taiwan is a compact, handheld electromagnetic field meter designed to
measure extremely- low -frequency (ELF) electromagnetic fields between the frequency of
30-300Hz and measurement range of 0.01 to 19.99uT with single axis sensor, designed for
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simple point-and -use, sampling at approximately 2.5 times per second with user selectable
readout in milliGauss (mG) or micro Tesla(uT) through switch. It has a power source of 9v
battery with weight of 165g and operating conditions of 0-50°C with annual recalibration.

Eighteen (18) different models of commonly used GSM handsets were selected for the study.
The handsets include: Tecno spark 20, Tecno KC8, Tecno Spark 10c(K15K), Tecno spark 4,
Tecno spark 10c,Tecno pop 4 Air, Tecno POP pro(BF7), Samsung Galaxy A11(SN-A1157/B3,
Samsung Galaxy A05X, Infinix X657, Infinix hot (X682B), Iphone MGFP34/A, Redmi A3X,
Opo A57, Bontel, Itel A80, Villoan, Poco C61.The sensor head was positioned at different
angles placed at close proximity (Ocm to 5cm) to the mobile phone that was put on call mode
to simulate real-world exposure to electromagnetic radiation. Five readings were taken for
each phone measurement and the mean values of the magnetic field (B) recorded.

The mean values of velocities of EM waves in human head tissues were calculated using the
relation:

V== 1
(Hecht, 2002)

Where n are the refractive indices of tissues and C is the velocity of EM wave in vacuum (3
x 108ms™1)

The values of the electric field intensity E were obtained using the measured values of
magnetic field B and calculated values of velocity of EM waves V, using the relation:

E=VB 2

The specific absorption rate (SAR) of the human tissues was evaluated using the relation:

SAR = 2& 3
2p

o=Electrical conductivity of tissue, E = Electric field intensity and p= Density of tissue
(Foster and Chou, 2007)

Table 1: Refractive indices, Velocity of electromagnetic wave and tissue parameters

Types of tissue | Refractive index Velocity of EM Density Conductivity
waves (Kgm™3) (Sm™
(ms™)
Eye 1.336 2.20X108 1000 1.90
Brain 1.433 2.09X108 1030 1.05
Muscle 1.431 2.10x108 1070 1.26

Source: (Dirckx et al., 2005 and Le-wei et al., 2000)
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Figure 1: Refractive indices, Velocity of electromagnetic wave and tissue parameters
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Figure 2: Conductivity to density of tissue paramaters

Table 2. Magnetic and electric field and SAR for human head tissues from different handsets

models
Parameters Tecno Tecno Tecno Tecno Tecno Tecno Tecno Samsung Samsung
Spark 20 KC8 Spark Spark 4 Spark POP POP Galaxy Galaxy
10¢(K15K) 10c 4 Air Pro(BF7) AT11(SN- A05X
A1157/B3
B(pT) 0.05 +£0.01 0.0620.01 0.06+0.02 0.05 +0.01 0.05 +0.01 0.04 +0.01 0.05 +0.01 0.07 £0.01 0.05 +0.01
Eye E 11.00£0.01 13.20+£0.01 13.204£0.02 | 11.00+0.01 11.00£0.01 | 8.80+0.01 11.00£0.01 15.40£0.01 11.00£0.01
(wm™)
Brain E 10.4510.01 12.54+0.01 12.54+0.02 | 10.45%0.01 10.45£0.01 | 8.36+0.01 10.4510.01 14.6310.01 10.4520.01
(wm™)
Muscle E 10.50+0.01 12.60+0.01 12.60+£0.02 | 10.50+0.01 10.50£0.01 | 8.40+0.01 10.50£0.01 14.70£0.01 10.50£0.01
(vm™)
Eye 0.12+0.01 0.1740.01 0.17+0.02 0.1240.01 0.12+0.01 0.0740.01 0.12+0.01 0.23+0.01 0.12+0.01
Wkg™)
Brain(Wkg™1) 0.060.01 0.08+0.01 0.08+0.02 0.0610.01 0.060.01 0.04+0.01 0.060.01 0.110.01 0.060.01
Muscle 0.0740.01 0.09£0.01 0.09£0.02 0.07+0.01 0.070.01 0.04+0.01 0.070.01 0.13£0.01 0.070.01
Wkg™)
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Infinix Infinix Iphone Redmi Opo Bontel Ttel A80 Villoan Poco C61
X657 Hot MGEFP34/ | A3x A57
(x682B) A
0.06 £0.02 0.06 £0.02 0.04 £0.01 | 0.050.01 0.05 +0.01 0.04+0.01 0.05 £0.01 0.05 £0.01 0.05 £0.01
13.200.02 13.20+0.02 8.80+0.01 11.00+0.01 11.000.01 8.80+0.01 11.00+0.01 11.000.01 11.00+0.01
12.54+0.02 12.54+0.02 8.36+0.01 10.45+0.01 10.45+0.01 8.36+0.01 10.4520.01 10.45+0.01 10.45+0.01
12.60+0.02 12.60£0.02 8.40+0.01 10.50+0.01 10.50+0.01 8.40£0.01 10.50+0.01 10.50+0.01 10.50+0.01
0.17+0.02 0.17+0.02 0.07+0.01 0.12+0.01 0.12+0.01 0.07+0.01 0.12+0.01 0.12+0.01 0.12+0.01
0.08+0.02 0.08+0.02 0.04+0.01 0.06+0.01 0.06+0.01 0.04+0.01 0.06+0.01 0.06+0.01 0.06+0.01
0.09+0.02 0.09+0.02 0.04+0.01 0.07£0.01 0.07+0.01 0.04+0.01 0.07£0.01 0.07£0.01 0.07£0.01
RESULTS AND DISCUSSION

The analysis of electromagnetic radiation levels from different brands of GSM handsets
reveals significant differences in radiation levels. The results show that the magnetic field
levels ranged from 0.04+£0.01 and 0.07£0.01. With the lowest emission values from Iphone
(MGFP34/A), Tecno POP 4 Air and Bontel with Samsung Galaxy AIl (SN-A11571B3) having
the highest level of emission (Table 2). There were also variation in tissue parameters,
electrical conductivity and density due to differences in composition of structure and function
(Kandel et al., 2021). As shown in Figures 1 and 2 respectively.

The same trend follows the results of the electric field intensity and specific absorption rates
(SAR) obtained using the measured values of magnetic fields and calculated values of SAR
which are in the range of (8.36+0.01- 15.4+£0.01) vm~* and (0.04£0.01 and 0.23+0.01)Wkg~*
respectively. The electric field intensity for the brain is the least. This implies Eye > Muscle >
Brain as well as the SAR values for the eye being the highest. Although the magnitude of the
electric fields calculated from human head tissues were found to be below the reference levels
of GSM frequency range of 46 vm™'reported by Vecchia (2007) and 2.0 Wkg™" safe limit as
stipulated by International Commission on Non ionizing Radiation Protection (ICNIRP)
guidelines (2020).

However, while SAR values remained within permissible limits, noticeable variations were
observed between handsets models and usage conditions. Devices operating under poor
signal conditions tend to emit higher RF radiation levels, consistent with previous work of
Humbe and Iortile 2014 whose SAR values ranged from (0.04 to 1.66) Wkg~! were higher for
similar studies suggesting that handsets increase transmission power to maintain connectivity
(Cordelli et al., 2024). Additionally, handsets used in speaker mode or with hands-free
accessories exhibit significant reduced exposure levels, highlighting the effectiveness of
distance as a mitigating factor (Kenny et al., 2024).

Another critical finding is that handset design, antenna placement and network type
(3G,4G,5G) influence EMF emissions. For instance, 5G - enabled phones demonstrate slightly
different exposure profiles, often with higher peak emissions during data- intensive
operations, though still within safe limits (Karipidis et al., 2024).
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The effect of usage patterns-such as extended call durations or carrying phones close to the
body may cumulatively increase EMF exposure overtime, especially in high use individuals
(Arpansa and Karipidis, 2025). While current exposure levels do not exceed established safety
thresholds, the long- term biological effects of chronic low-level exposure remain
inconclusive. Although epidemiological studies have not confirmed a definitive link between
handset EMF exposure and adverse health outcomes, the International Agency for Research
on Cancer (IARC) has classified RF radiation as possibly carcinogenic to humans (Group 2B),
indicating that caution is still warranted (Mevissen et al., 2025).

These findings reinforce the importance of continued monitoring and transparent reporting
of EMF emissions by manufacturers, as well as public education on safe handset usage.
Further research, particularly long-term and large-scale human studies, is needed to fully
understand the implications of evolving mobile technologies on human health.

CONCLUSION

This study was conducted to evaluate the health risks associated with electromagnetic field
radiation from selected GSM handsets, which presented data of electromagnetic radiation
from selected mobile phones in Makurdi, Nigeria. Based on the findings of the research, it
poses no significant health risk to the population of the brands of phones used in the state
capital. However, the study underscores the need for vigilance in monitoring EMR levels in
GSM phones and adherence to regulatory guidelines and proactive policy measures that are
crucial to mitigating these risks that have been linked to chronic exposure to EMR like
headaches, fatigue, and, in some cases, carcinogenic effects. Also, the environmental impact
like continuous high radiation levels can affect local ecosystems, particularly birds and insects.
Users should reduce the length and frequency of phone calls to minimize EMF exposure as
well as encourage the use of ear phones or speaker mode to keep handsets away from the
head & body. Phones should also be discouraged from keeping in pockets, under pillows or
close to the body for long periods. Finally, there should be sensitization of the public on safe
mobile phone usage and potential EMF risks with a continuous monitor of EMF levels to
ascertain if there could be long term health effects.
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