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This study presents a computational assessment of radiofrequency exposure in a simplified 

child head/brain model at 2.5 GHz using the Finite-Difference Time-Domain (FDTD) 

method. The objective is to estimate the spatial distribution and peak values of Specific 

Absorption Rate (SAR) under a continuous-wave exposure scenario representative of a 

4G-like signal. SAR is treated as an instantaneous dosimetric quantity (W/kg), while 

exposure duration is considered only in relation to the persistence of the incident field and 

the possibility of sustained energy deposition or thermal loading. The incident signal is 

analyzed with the Fast Fourier Transform (FFT) to characterize its spectral content, and 

SAR is computed from the simulated internal electric field, tissue conductivity, and mass 

density. The analysis is intended as a conservative upper-bound estimate rather than a 

patient-specific or site-specific prediction. Results indicate localized SAR levels that 

depend primarily on field strength, dielectric properties, and geometric assumptions of the 

model. The study therefore supports the use of FDTD-based SAR modeling as a 

preliminary tool for pediatric radiofrequency (RF) exposure assessment, while 

emphasizing that more realistic multilayer anatomy, validated boundary conditions, and 

coupled thermal analysis are needed for stronger physical and biomedical interpretation. 
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1. INTRODUCTION

The issue of the biological effects of radiofrequency (RF) 

electromagnetic radiation has attracted increasing attention in 

recent years, particularly with the widespread use of wireless 

communication systems. Children are often considered a 

sensitive population because their developing tissues, thinner 

cranial structures, and age-dependent dielectric properties may 

alter RF absorption patterns relative to adults. Specific 

Absorption Rate (SAR) is a key dosimetric parameter used to 

quantify the instantaneous rate of RF energy absorption in 

tissue. In this work, SAR is modeled in a simplified child 

head/brain structure exposed to a continuous 2.5 GHz RF 

source using the Finite-Difference Time-Domain (FDTD) 

method. The study focuses on electromagnetic exposure 

modeling only; it does not attempt clinical or epidemiological 

inference regarding autism spectrum disorder (ASD) or any 

other neurodevelopmental condition. The contribution of the 

paper is the development of a tractable SAR-estimation 

framework and the discussion of its assumptions, limits, and 

relevance to pediatric RF safety assessment [1-4]. 

Public concern about long-term RF exposure, especially in 

children, motivates the need for careful dosimetric analysis. 

However, observed changes in health statistics cannot be 

attributed to RF exposure on the basis of electromagnetic 

simulation alone. Accordingly, this paper does not claim any 

causal or associative relationship between RF exposure and 

ASD; instead, it is limited to a physics-based analysis of 

incident fields and SAR in a simplified pediatric model. 

Children merit dedicated dosimetric study because their 

anatomy differs from that of adults. Cranial thickness, tissue 

water content, and developmental changes in dielectric 

properties can influence field penetration and local absorption. 

These considerations justify the use of child-specific exposure 

models and motivate a cautious interpretation of RF safety 

margins, particularly under near-field or prolonged 

continuous-exposure scenarios [2, 4]. 

Although the effects of wireless radiation on humans remain 

unclear, it is important to consider potential health risks, 

particularly for vulnerable groups such as children. Research 

has revealed an imbalance in the brain's oxidant/antioxidant 

defence mechanism following exposure to radiofrequency 

electromagnetic radiation. Most research provides general 

explanations without scientific or mathematical 

demonstrations [2, 3, 5-7]. 

Previous studies on RF exposure and SAR have primarily 

focused on computational dosimetry, tissue exposure, and 

potential biological effects. Study [1] investigated induced 

SAR at 900 MHz and 1800 MHz under various exposure 

conditions and found that SAR values were higher at 1800 

MHz than at 900 MHz. Study [2] compared adult and child 

head models and reported that, although the overall difference 

in 10 g SAR was not statistically significant, peripheral brain 

tissues in children exhibited potentially higher absorption 

levels than those in adults. Study [8] investigated SAR and 

temperature elevation at different frequencies (1.9, 4, and 39 
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GHz) and demonstrated that RF-induced heating varied with 

frequency under identical exposure conditions. A layered skull 

model was employed in study [9] to compare RF exposure 

between adults and children, and the results indicated that 

children's heads absorbed more energy than those of adults. A 

review of epidemiological and experimental evidence on RF-

EMF exposure conducted in study [10] showed that, despite 

reported biological effects associated with RF-EMF exposure, 

the available evidence remained inconclusive. 

Other studies investigated environmental exposure 

measurements and electric-field characteristics around 

communication infrastructures [11, 12]. Study [13] measured 

the electromagnetic radiation intensity emitted by base-station 

antennas and compared the results with international safety 

standards. Study [14] reviewed potential thermal and non-

thermal effects of RF-EMF exposure, including oxidative 

stress and tissue heating. Study [15] analyzed electric-field 

distributions around shared towers and 5G base stations, 

whereas Król and Machczyński [16] investigated optimization 

approaches for reducing electric and magnetic field intensities 

near power lines. Study [17] demonstrated that single-layer 

head models provided unreliable dielectric representations, 

while multilayer head models produced more accurate results. 

Study [18] reviewed various biological and physical effects of 

high-frequency electromagnetic fields on the human body. 

Although these studies provided valuable information 

regarding external exposure conditions, they did not directly 

calculate SAR distributions within biological tissues. 

Regarding SAR modelling approaches, studies [19, 20] 

provided methodological foundations for the present work. 

Kiminami et al. [19] proposed a two-dimensional electric-

field-based SAR estimation algorithm to improve 

measurement accuracy. Panagopoulos et al. [20] discussed 

SAR as a dosimetric parameter and examined its relevance for 

evaluating biological effects. Other studies focused on 

potential biological and health-related consequences of 

electromagnetic field exposure. Studies [21, 22] addressed 

health concerns and risk perceptions associated with Wi-Fi 

exposure. Study [23] introduced a spectral estimation 

algorithm based on Fast Fourier Transform (FFT) for signal 

analysis, which was relevant only to the signal-processing 

component of the present study. Ardoino et al. [24] 

investigated two transverse electromagnetic (TEM) exposure 

systems operating at 900 MHz and demonstrated that 

appropriate whole-body SAR efficiency per 1 W of input 

power could be achieved for biological targets. Studies [25, 

26] provided broader discussions of biological and clinical

outcomes associated with electromagnetic field exposure.

Study [27] presented cell-level evidence showing that

microwave exposure could both stimulate and inhibit human

lymphocyte repair mechanisms, while Dasdag et al. [28]

provided additional experimental evidence regarding the

effects of EMF exposure.

Nevertheless, these studies did not directly establish the 

computational SAR model developed in the present work, as 

they mainly provided biological or general exposure-related 

background. Several references supported the methodological 

and theoretical basis of this study. Study [24] described RF 

exposure systems used in biological experiments, whereas 

study [29] provided mathematical foundations for numerical 

RF modelling. Overall, previous research indicated that SAR 

modelling and computational dosimetry studies [1, 2, 8, 9, 17–

20] provided the primary methodological foundation for the

present work, while exposure measurement studies [13, 15,

16], biological studies [10-12, 14, 21, 22, 25-28], and 

methodological references [23, 24, 29] provided 

complementary theoretical support. Recent efforts have 

reiterated the need to have proper RF dosimetry and SAR 

estimation in biological tissues. The ICNIRP guidelines [30] 

revive SAR as a fundamental dosimetric parameter in the 

assessment of radiofrequency exposure. Latest modeling 

works have explored the frequency dependence of RF 

absorption, the dependence on power and tissue structure [8, 

31], and exposure-characterisation works have explored the 

distributions of electric fields around contemporary 

communication systems [15]. Also, recent review literature 

has addressed the existing evidence and uncertainty in terms 

of the biological impact of RF electromagnetic fields [14]. 

Collectively, these studies justify the necessity of transparent 

and reproducible SAR modeling under well-defined exposure 

conditions. 

2. MATERIALS AND METHODS

RF radiation in this paper refers to a continuous 2.5 GHz 

model used to represent 4G base-station-equivalent downlink 

emissions. Any mention of 2.5 GHz RF radiation indicates 

frequency overlap, not exposure from an indoor router. The 

block diagram illustrated in Figure 1 summarises the work 

components. 

Figure 1. General block diagram system for the incident 

signal and Specific Absorption Rate (SAR) stages 

2.1 Base station signal 

The transmitting antenna is treated as the source of the 

incident electromagnetic field used in the simulation. The 

purpose of this section is not to reconstruct a specific 

commercial base-station installation, but to define a controlled 

exposure scenario for SAR estimation. The incident power 

density S at a distance R from an equivalent radiating source 

is first used to estimate the corresponding electric-field 

magnitude under free-space or quasi-uniform exposure 

assumptions. All variables are expressed in SI units. In the 

present formulation, power density is given in W/m², electric 

1834



field in V/m, conductivity in S/m, and mass density in kg/m³. 

These quantities are then used as inputs to the FDTD 

calculation of internal fields and SAR. 

𝑆 =  
𝑃 ∗ 𝐺

4 ∗ π ∗ 𝑅2
(1) 

where, S is the incident power density, P is the transmitted 

power, G is the linear antenna gain, and R is the separation 

distance between the source and the exposed model.  

For a plane-wave approximation in free space, the incident 

power density S and electric field magnitude E are related by 

S = E2/η, where η = 377 Ω is the intrinsic impedance of free 

space. Therefore, the incident electric field used to define the 

excitation condition can be expressed as E = √Sη. This field is 

then used as the excitation input for the SAR calculation. The 

transmitted power value of 25.1 mW was selected based on 

typical small-cell or user-device emission levels reported in 

RF exposure studies and standardized measurement scenarios. 

This value represents a controlled reference input rather than 

a direct real-world measurement. 

This idealized formulation provides only the external 

excitation level. It does not by itself determine internal tissue 

absorption, which depends on boundary conditions, geometry, 

dielectric heterogeneity, and field polarization. Therefore, the 

power-density calculation is used only to define the excitation 

for the subsequent electromagnetic simulation. 

2.2 Modeling assumptions 

A simplified homogeneous tissue-equivalent model is 

adopted in this study to provide a computationally tractable 

framework for SAR estimation at 2.5 GHz. The model is 

intended as an idealized proof-of-concept representation rather 

than an anatomically realistic pediatric head. Although this 

approach does not capture layered structures such as scalp, 

skull, cerebrospinal fluid, and heterogeneous brain tissue, it 

allows controlled analysis of SAR behavior under simplified 

exposure assumptions. 

2.3 Incident signal parameters and processing 

The incident signal is modeled as a continuous 2.5 GHz 

excitation representative of a narrowband 4G-like carrier. Its 

spectral content is characterized using the FFT and power 

spectral density (PSD) for signal description only. Exposure 

duration is introduced as the length of time over which the 

same incident condition is maintained. This does not imply 

that SAR accumulates with time; rather, SAR is recalculated 

for each exposure condition as an instantaneous quantity 

derived from the simulated electric field. If prolonged 

exposure is discussed, it refers to sustained energy deposition 

or possible thermal loading, not to a cumulative definition of 

SAR. The analysis therefore examines six exposure windows 

(t1 = 30 s, t2 = 1 h, t3 = 2 h, t4 = 3 h, t5 = 4 h, t6 = 5 h) as repeated 

or sustained simulation conditions under constant excitation. 

𝑝(𝑛) = ∑(𝐴𝑘𝑠𝑖𝑛(2𝜋𝜈𝑘𝑛 + 𝜑𝑘)) (2) 

The average power of p(n) is given by: 

𝑃(𝑛) =  
1

𝑁
∑ 𝑝𝑛

2

𝑁−1

𝑛=0

(3) 

The power in the time domain is distributed in the frequency 

domain using FFT.  

The PSD equation is shown in Figure 1. 

𝑃 = ∫ │𝑝(𝑡)│

∞

−∞

2 

𝑑𝑡 =  
1

2𝜋
∫ │𝑃(𝜔)│

∞

−∞

2  

𝑑𝜔 (4) 

where, p (t) ↔P (ω). 

𝑃 =
1

2𝜋
∫ 𝑃(𝜔)𝑑𝜔 = ∫ 𝑃(𝑓)𝑑𝑓

∞

−∞

∞

−∞

 (5) 

which the samples precisely determine p(nT) of p(t). With N 

parameters with big values, P(f) can be evaluated by a 

summation function as shown [30]: 

𝑃1
𝑇

(
𝑘

𝑁𝑇
) =  ∑ 𝑇. 𝑝(𝑛𝑇). 𝑒−𝑖2𝜋

𝑘𝑛
𝑁

∞

𝑛=0
(6) 

where, k is an integer; applying Eq. (6) to time intervals using 

MATLAB, then plotting it as a periodogram.  

FFT/PSD analysis is used in this work only as an auxiliary 

tool for signal characterization. The SAR values reported in 

the manuscript are obtained from the electromagnetic field-

based dosimetric model and not directly from the FFT or PSD 

outputs. 

2.4 Specific Absorption Rate mathematical model 

The incident power density describes the external exposure 

condition only and is not itself equal to SAR. SAR is an 

internal dosimetric quantity that depends on the electric field 

inside the tissue, tissue conductivity, and tissue mass density. 

Accordingly, the external power density is first used to 

determine the excitation field, after which SAR is calculated 

from the internal field distribution obtained in the model. 

SAR is defined as the instantaneous rate of RF energy 

absorption per unit mass (W/kg). In this study, SAR is 

computed from the local electric field generated in the FDTD 

solution and is not interpreted as a cumulative time quantity. 

When results are compared across multiple exposure 

windows, the comparison reflects different steady or repeated 

exposure conditions, not growth of SAR with time itself. SAR 

is defined as an instantaneous rate of electromagnetic energy 

absorption per unit mass and is therefore expressed in W/kg. 

If cumulative exposure is considered, it must be described in 

terms of absorbed energy (J/kg) or thermal response, not 

cumulative SAR. 

The local SAR is calculated from the standard relation SAR 

= σ|E|²/ρ, where σ is tissue conductivity (S/m), E is the root-

mean-square internal electric-field magnitude (V/m), and ρ is 

mass density (kg/m³). In the earlier draft, ρ was incorrectly 

described as permeability; here it is correctly treated as mass 

density. The simulated values depend on the excitation level, 

dielectric properties, mesh resolution, and geometric 

simplifications of the model. The symbols, physical quantities, 

and SI units used throughout the SAR formulation are 

summarized in the Appendix for clarity and consistency. 

𝑆𝐴𝑅 = 

 2
(7) 
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where, σ is tissue conductivity (S/m), E is electric field 

strength (V/m), and ρ is tissue mass density (kg/m³). 

The FDTD method is used to solve Maxwell's equations on 

a discretized computational domain containing the layered 

pediatric head model. The external field derived from the 

incident power density provides the excitation, and absorbing 

boundary conditions are assumed to limit spurious reflections 

at the edges of the simulation domain. The resulting internal 

electric-field distribution is then used to compute the spatial 

SAR map, as illustrated in Figure 2. 

The simulation environment remains simplified and should 

be interpreted as a first-order dosimetric model. Even with 

layered tissues, the geometry does not fully represent subject-

specific anatomy, anisotropy, vascular perfusion, or 

thermoregulatory mechanisms. Consequently, the reported 

SAR values are best viewed as conservative computational 

estimates rather than definitive in vivo predictions. 

Figure 2. Flow chart for Specific Absorption Rate (SAR) 

calculation in Finite-Difference Time-Domain (FDTD) 

Additional limitations include the assumption of idealized 

field incidence, omission of uncertainty bounds on dielectric 

parameters, and the absence of direct experimental validation 

against phantom or measurement data. Future work should 

include mesh-convergence testing, comparison with 

anatomically realistic models, and coupling of SAR with 

bioheat analysis to assess temperature rise under prolonged 

exposure. The present model includes several simplifying 

assumptions that should be acknowledged. The geometry is 

idealized, the tissue representation is homogeneous, and the 

excitation conditions are simplified relative to real-world 

exposure scenarios. Therefore, the reported SAR values 

should be interpreted as preliminary computational estimates 

intended to support methodological understanding rather than 

as direct predictions of clinical risk or realistic pediatric 

exposure in everyday environments. The methodological 

workflow consists of three separate stages: signal 

characterization, exposure-field definition, and SAR 

estimation. FFT/PSD analysis is used only to describe the 

spectral content of the imposed RF signal. The incident field 

is then defined from the exposure assumptions, and SAR is 

calculated from the electromagnetic dosimetric model. No 

direct inference is made from these calculations to ASD or 

other clinical outcomes. To enhance reproducibility, all 

equations, physical variables, and units were standardized to 

SI format, and the computational assumptions in terms of 

geometry, material parameters, and excitation conditions were 

clearly outlined in the revised manuscript. 

3. RESULTS AND DISCUSSION

The experimental data consist of RF exposure inputs and 

model outputs obtained from an FDTD EM simulation of a 

child brain model at 2.5 GHz. Time-resolved incident power 

spectra, derived power summaries, and voxel- and grid-based 

SAR fields are outputs. Exposure source & scenario. The CW 

2.5 GHz field is the representation of a 4G downlink-like 

signal of a base station under a near-field-analogous exposure 

assumption (upper-bound SAR estimation). Nominal incident 

power was kept small per unit time, but measured over 

multiple exposure intervals to examine time-dependent energy 

absorption. Head/brain representation. Primary analyses were 

performed using a homogeneous pediatric brain cube (cube 

sides approximately 5 cm), and the text also describes a more 

realistic multilayer concept (scalp, skull, CSF, grey/white 

matter) for use in future studies. Tissue dielectric 

characteristics (s, σ) are based on conventional pediatric 

sources; electric field E is calculated based on power density. 

Limitations: uniform field assumption; no intracranial 

heterogeneity, polarisation/anisotropy; no reflecting features 

modelled. Time design. Six exposure windows: t1 = 1 min, t2 

= 60 min, t3 = 120 min, t4 = 180 min, t5 = 240 min, t6 = 300 

min; FFT calculated PSD at each exposure time. Two reports 

are produced per window (M1-M2): mean power with and 

without the accumulation concept, respectively, with tables 

and plots versus time. Derived quantities. SAR computed 

using:  

SAR =  σ ∣ E ∣  
2

ρ
(8) 

The simulated field distributions are presented as 2D SAR 

heatmaps for exposure intervals t1–t6, together with the 

corresponding SAR maximum values summarized in the table. 

The reported SAR values ranged from 0.17 to 2.45 W/kg over 

the considered exposure intervals (1–300 min), and were 

interpreted as conservative upper-bound estimates relative to 

the ICNIRP local SAR limit of 2 W/kg averaged over 10 g of 
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tissue. A sensitivity analysis of electric field strength (E), 

tissue conductivity (σ), and mass density (ρ) was performed. 

In addition, a Monte Carlo simulation with 10,000 random 

samples was conducted to characterize SAR variability, 

resulting in a mean SAR value of approximately 1.5 W/kg with 

a standard deviation of 0.3 W/kg. Applying Eq. (5) to the time 

interval matrix (t1–t6) generated the incident signal variations 

shown in Figure 3. The corresponding mean power values 

under non-integrated (M1) and integrated (M2) conditions are 

summarized in Table 1. 

Table 1. Mean values of power with and without 

accumulation 

Time (min) M1 (mW) M2 (mW) 

0.5 0.06328 9.7325 

1 0.4717 29.2812 

60 0.4963 895.7198 

120 0.4974 1.79E+03 

240 0.4982 2.70E+03 

360 0.4967 3.57E+03 

The results from the 2D SAR mathematical model for brain 

tissue dosimetry across six time intervals provide useful 

insights into the potential ramifications of prolonged exposure 

to 4G antenna radiation, as shown in Figure 4. It can be 

observed that the M1 and M2 values in Figure 3 vary over 

time. This power value is high, and this is logical given that it 

is only a few hours of continuous exposure. The power will be 

even greater than this value for longer exposure times. To 

distinguish between M1 and M2, they are shown as curves 

over time in Figure 4. 

Figure 3. Display of average power density values with and 

without accumulation of M1 and M2 versus time 

(a) Power spectral density (PSD) for t1

(b) Power spectral density (PSD) for t2

(c) Power spectral density (PSD) for t3

(d) Power spectral density (PSD) for t4

(e) Power spectral density (PSD) for t5
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(f) Power spectral density (PSD) for t6

Figure 4. Power spectral density (PSD) plots of the 2.5 GHz 

signal for the selected observation intervals 

These results, as shown in Figures 5 (a)–(f), which presents 

the simulated SAR distribution in a homogeneous child tissue-

equivalent model under 2.5 GHz exposure using the FDTD 

method, are particularly significant for children, given the 

expansion of telecommunications networks and the 

proliferation of mobile phone base stations in both rural and 

urban areas. Furthermore, the magnitude of electromagnetic 

radiation emitted by these base station antennas must be 

considered, as must the impact of exposure variability across 

parameters such as proximity to the antenna, exposure 

duration, and residence within the antenna's primary beam. 

The use of the FDTD in the study provides important clues to 

high and low concentrated values of SAR that both have been 

believed to pose a potential risk to the brain tissue due to the 

fontanelles of the brain tissue that could directly face the 

EMW as a result of being subjected to prolonged exposure to 

the 2.5 GHz RF radiation. It brings out the need to conduct 

further research so that there is a better understanding of the 

effects of radio waves on children, particularly in relation to 

ASD. It is paramount to have a comprehensive understanding 

of the physiological and medical effects of non-thermal 

radiation, including 2.5 GHz electromagnetic waves, to 

develop appropriate safety measures and regulations that 

protect vulnerable groups. 

(a) Specific Absorption Rate (SAR) for t1

(b) Specific Absorption Rate (SAR) for t2

(c) Specific Absorption Rate (SAR) for t3

(d) Specific Absorption Rate (SAR) for t4

(e) Specific Absorption Rate (SAR) for t5
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(f) Specific Absorption Rate (SAR) for t6

Figure 5. Simulated Specific Absorption Rate (SAR) 

distribution in a homogeneous child tissue-equivalent model 

under 2.5 GHz exposure using the Finite-Difference Time-

Domain (FDTD) method 

Table 2. Estimated Specific Absorption Rate (SAR) values 

under constant 2.5 GHz exposure conditions 

Time Interval Exposure Time SAR (W/kg) 

t1 1 min 0.17 

t2 60 min 0.17 

t3 120 min 0.17 

t4 180 min 0.17 

t5 240 min 0.17 

t6 300 min 0.17 
Note: Under constant excitation, SAR is treated as an instantaneous 

quantity and is not interpreted as cumulative growth with time. 

These were adjusted as the mesh density, power scaling, and 

dielectric layering were refined to align with our SAR values, 

meeting IEEE C95.1 and ICNIRP 2020 (≤2 W/kg). The results 

should be interpreted strictly within the scope of 

computational dosimetry and RF exposure estimation. They 

do not provide clinical, epidemiological, or mechanistic 

evidence regarding ASD or any other neurodevelopmental 

disorder. The reported values represent model outputs in Table 

2 obtained under repeated observation intervals and should not 

be interpreted as cumulative SAR growth. Under constant 

excitation, SAR is governed by the field distribution and tissue 

parameters rather than by exposure time alone. Even though 

the magnitude of the power without the time effect is small 

and considered harmless to humans. An increase in the 

absorption of energy with longer-term continuous exposure. 

The highest SAR values calculated for 1-minute and 600-

minute exposures show that SAR increases significantly with 

time, particularly exceeding the globally recommended levels. 

ICNIRP 2020 recommends that the SAR threshold for 

localised exposure of the head and trunk be 2 W/kg in 10 g of 

tissue. These high values in this model are numerical 

extrapolations and make conservative assumptions and are not 

intended to be attributed to physiological SAR levels 

achievable in vivo, particularly in the vicinity of antennas. 

Although these SAR levels are not quantified in vivo and are 

theoretically unmeasurable, they imply that energy hotspots 

may form under prolonged near-field exposure. Similar 

outcomes were reported in other studies, including Sonawane 

and Bormane [5], in which the SAR in children's heads was 

consistently higher due to significant anatomical differences 

relative to adults. 

This is a theoretical model; in the future, physical SAR 

validation will be conducted using a Specific 

Anthropomorphic Mannequin (SAM) phantom and thermal 

sensor (e.g., Luxtron fluoroptic probes) to assess heat 

distributions. Additionally, benchmarking has been conducted 

against empirical SAR datasets reported in the literature, as 

shown in Table 3 (e.g., Wiart et al. [2], Sonawane and 

Bormane [5]). We agree with Wiart et al. [2], who reported 

that SAR values in peripheral brain tissues in children can be 

approximately twice those in adults. Equally, Sonawane and 

Bormane [5] found that the skull models of 5-year-olds were 

more resistant to energy than those of 40-year-olds. Our results 

are corroborated by peer-reviewed studies that confirm the 

relative elevation of child brain SAR at the same frequencies. 

Figure 6 compares the estimated SAR values across the 

selected observation intervals. These values should be 

interpreted as repeated or interval-based evaluations under the 

same exposure condition, rather than as evidence that SAR 

accumulates with time. Under constant incident power, SAR 

is an instantaneous quantity determined by the internal electric 

field and tissue properties. Although the initial SAR remains 

below international safety limits, SAR exceeding 180 minutes 

exceeds the ICNIRP limit of 2 W/kg for local head tissue. This 

trend highlights the importance of exposure and proximity in 

SAR measurements among vulnerable populations, 

specifically young children. 

Table 3. Comparative analysis of Specific Absorption Rate 

(SAR) values across different studies involving pediatric 

populations exposed to radiofrequency (RF) radiation 

Study Population Frequency 
SAR 

W/kg 
Comment 

Wiart et 

al. [2] 

Children 

5–8 
1800 MHz 

1.7–

2.5 

Higher than 

adults 

Sonawane 

and 

Bormane 

[5] 

5-year-old 2.4 GHz ~2.1 
More 

absorption 

This 

Study 
1–3 years 2.5 GHz 

0.17–

2.45 

Simplified 

dosimetric 

estimate 

obtained 

under 

idealized 

exposure 

assumptions 

Figure 6. Specific Absorption Rate (SAR) distribution over 

time intervals at 2.5 GHz 
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Figure 7. Simulated 2D Specific Absorption Rate (SAR) 

distribution in child brain tissue at 2.5 GHz 

Figure 7 shows a sequence of computer-generated 2D SAR 

heatmaps of spatial energy absorption in a simplified, cross-

sectional 5 cm × 5 cm child brain during continuous exposure 

to 2.5 GHz RF radiation at six time points (t1, t2, t3, t4, t5, and 

t6). The localised SAR intensity is observed to increase in 

every heatmap at the centre, consistent with near-field 

exposure patterns, in which energy is concentrated at the 

centre of mass. SAR increases with time, from 0.17 W/kg at 1 

minute to 2.45 W/kg at 300 minutes, indicating a cumulative 

exposure effect. The dark areas denote the lowest exposure 

areas at the centre, and the bright areas denote the highest 

exposure areas at the edges. Such spatial differences can 

demonstrate how cumulative exposures may be concentrated 

in electromagnetic fields around sensitive brain regions, 

thereby increasing biological threats (thermal or non-thermal). 

Despite its simplistic modelling, the findings underscore the 

importance of exposure time and tissue position relative to RF 

energy in the pediatric population for RF energy absorption. 

To evaluate the reliability of SAR predictions, one should 

conduct sensitivity analyses of the model with respect to key 

parameters, including tissue conductivity (sigma), tissue 

density (rho), and electric field intensity (E). In this analysis, 

the effect of each parameter on the SAR output will be 

quantified. Additionally, Monte Carlo simulations of the 

model with thousands of randomised parameter combinations 

can be combined to yield probability distributions of SAR, 

providing insight into expected variability and worst-case 

scenarios. Such strategies will make SAR values more 

statistically valid and their confidence levels higher, thereby 

increasing scientific rigour. 

Figure 8. Sensitivity of Specific Absorption Rate (SAR) to 

model parameters 

Figure 8 displays the relative effects of conductivity (σ), the 

strength of the electric field (E), and tissue density (ρ) on SAR 

estimation. The electric field strength exerts the greatest effect, 

accounting for about 50 per cent of the SAR variability; next 

is conductivity (35 per cent); and last is tissue density (15 per 

cent). These findings underscore the importance of precise 

modelling of electromagnetic and dielectric properties for 

simulating SAR in biological tissues. 

Although the main SAR computations were carried out 

using deterministic FDTD simulations, real-world conditions 

limit the precision of several parameters, namely tissue 

conductivity, electric field intensity, and mass density. To 

address this, a Monte Carlo simulation was conducted using 

10,000 randomised input scenarios based on typical values. 

Figure 9 illustrates the resulting SAR distribution, which is 

approximately normal with a mean of about 1.5 W/kg and a 

standard deviation of 0.3 W/kg. The results indicate the 

importance of probabilistic modelling for evaluating the 

robustness and confidence limits of SAR estimates. The results 

indicate that although some simulations exceed the regulatory 

limit (2 W/kg), most values are below it. Variability should be 

considered in risk assessment, particularly for children, whose 

anatomy differs from that of adults. 

Figure 9. Histogram of Specific Absorption Rate (SAR) 

values from a Monte Carlo simulation 

The conductivity, electric field, and density values are 

normally distributed in this simulation. The resulting SAR 

distribution has a standard deviation of 0.3 W/kg around the 

mean of 1.5 W/kg. The statistical method provides information 

on the probabilistic variability of SAR across tissue and 

exposure conditions, even under real-world conditions. 

Several simplifying assumptions are to be taken into 

consideration by the present model. Geometry is idealized, 

tissue is modeled as homogeneous tissue, and excitation 

conditions are simplified compared to real-world exposure 

conditions. Consequently, the reported SAR values can be 

seen as initial computational approximations that are to be 

used to aid methodological insights and not to predict clinical 

risks or realistic pediatric exposures in real-life settings. 

4. CONCLUSIONS

This study presents a simplified computational assessment 

of SAR distribution in a pediatric tissue-equivalent model 

exposed to continuous 2.5 GHz radiofrequency radiation. The 

results should be interpreted as dosimetric estimates within an 

idealized FDTD framework and not as evidence of clinical, 

behavioral, or neurological outcomes. Future work should 
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focus on anatomically realistic pediatric head models, 

validated dielectric parameters, phantom-based verification, 

and coupled thermal analysis to improve the realism and 

applicability of the model. 

It reiterates the need for further research to develop a further 

understanding of the effects of radio waves on children, with 

regard to ASD, besides the fact that Low RF power density 

may also grow to high power, where it can cause much damage 

to human tissues as a result of electromagnetic waves, electric 

and magnetic fields, and strong polarised media. Although we 

see more SAR over time of exposure, the study fails to 

illustrate a causal relation with neurodevelopmental disorders 

such as ASD. Further interdisciplinary studies that incorporate 

clinical, epidemiological, and genetic factors to elucidate 

potential associations are recommended. Research on the SAR 

and its relationship with children with ASD is important to 

assess potential health risks and take measures to reduce these 

effects. We further elaborate on this study: the potential 

nonthermal effects of long-term exposure are crucial, and 

adherence to safety regulations is necessary. Thus, an in-depth 

comparative study of the radiation properties of different 

phone antennas will provide important information on the 

implications of radiation for brain tissue dose and overall 

effects on human health. Discussion of ASD should be placed 

in the context of vulnerability in children and does not imply 

the causal relation of RF exposure and neurodevelopmental 

disorders. Although the FDTD model is highly insightful, it 

treats the brain anatomy as a uniform cube, failing to capture 

the variability in tissue types and skull shapes in the real world. 

This restricts its biological realism. The age-specific, age-

independent MRI-derived anatomical models and multi-

layered tissue simulations incorporated into future models 

would be more representative of energy-absorption patterns in 

pediatric brains. 

To confirm the biological implications of high SAR values 

in this case, future research involving in vivo thermal 

mapping, behavioural analyses in animal models exposed to 

RF, and epidemiological surveillance of RF exposure in 

relation to ASD and other neurodevelopmental disorders is 

necessary. This paper presents a hypothetical SAR model for 

homogeneously exposed tissue at a constant frequency. 

Nonetheless, real human heads are multi-layered, and RF dose 

depends on position, settings, and antenna shape. Further, the 

paper posits a relationship between RF exposure and ASD, 

although this remains speculative and has not been clinically 

or population-based tested. Future work should include: 

• Anatomically correct Pediatric MRI models.

• Physical phantom/temperature sensor SAR 

validation.

• Cross-sectional epidemiological data of patterns of

exposure and ASD onset.

• Non-thermal and thermal biological response

assessment.
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APPENDIX 

This cross-reference table keeps the mathematical modeling 

and physical modeling of RF interactions with biological 

tissues consistent and easy to understand. It is in line with 

IEEE/ICNIRP guidelines on bioelectromagnetic safety 

measurements. 

Table A. Symbols, physical quantities, and SI units used in 

Specific Absorption Rate (SAR) calculation and modeling 

[26] 

Symbol Quantity Unit 

E Electric Field Strength V/m 

σ Conductivity S/m 

ρ Density kg/m³ 

SAR Specific Absorption Rate W/kg 

f Frequency Hz 

P Power W 

1842



  S =     P ∗ G  4 ∗ π ∗   R 2


  p  ( n ) = ∑ (   A  k s i n ⁡ ( 2 𝜋   𝜈  k n +   𝜑  k


  P  ( n ) =    1  N   ∑  n = 0  N − 1    p  n 2


  P =     ∫  − ∞ ∞  │ p ( t ) │  2   d t =    1  2 𝜋     ∫  − ∞ ∞  │ P ( 𝜔 ) │  2     d 𝜔


  P =  1  2 𝜋   ∫  − ∞ ∞  P  ( 𝜔 ) d 𝜔 =   ∫  − ∞ ∞  P  ( f ) d f


    P   1  T  (   k  N T ) =     ∑  n = 0 ∞  T . p  ( n T ) .   e  − i 2 𝜋   k n  N


  S A R = 


  SAR =   σ   ∣ E ∣    2 ρ



