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Thyroid health risk assessment of 5G sub-6 GHz downlink EMF exposure:

a computational dosimetry study

LIU Xiaocao LlIJing MIAO Xia GAO Peng ZHANG Wei LIN Jiajin

(Department of Radiation Protection Medicine, School of Preventive Medicine, Air Force Medical University,

Ministry of Education Key Lab of Hazard Assessment and Control in Special Operational Environment, Xi’ an 710032, China)

ABSTRACT The thyroid gland is particularly sensitive to radiofrequency electromagnetic fields (RF-EMFs), with
children and adolescents potentially facing higher exposure risks. This study employed finite-difference time-domain
(FDTD) dosimetric simulations based on virtual human body models to quantitatively assess age-related differences
in thyroid exposure doses from 5G Sub-6 GHz downlink electromagnetic fields. Three anatomical models were
selected: Duke (34 years, adult), Louis (14 years, adolescent), and Dizzy (8 years, child). Tissue-specific absorption
rate (TSAR) values for the thyroid were computed across the 0.7 - 4.9 GHz frequency range. The excitation source
was configured as a 45° polarized plane wave, with azimuth angles scanned at 15° intervals over 360°. Azimuth-
averaged TSAR values were obtained to represent idealized exposure conditions, and dose levels under safety
threshold exposure scenarios were estimated according to the International Commission on Non-Ionizing Radiation
Protection (ICNIRP) guidelines and the national standard GB 8702—2014. The results demonstrated that: thyroid
TSAR varied substantially with incident azimuth angle, peaking at frontal incidence (~180°) and reaching minima at
rear incidence (~0°), with an approximate two-order-of-magnitude difference between extremes; across the 0.7 - 4.9
GHz range, TSAR exhibited an overall decreasing trend with increasing frequency; thyroid TSAR was markedly
elevated in children compared with adults (by 8.0 - 11.1 dB), with adolescents showing intermediate values
(approximately 6.0 - 9.0 dB higher than adults); and under ICNIRP limit conditions, peak TSAR occurred at 1.8 -
2.6 GHz, whereas under national standard limit conditions, TSAR decreased monotonically with increasing
frequency. These findings indicate significant age-related differences in thyroid exposure doses from 5G Sub-6 GHz
downlink electromagnetic fields, identifying children as a sensitive population. Although newly introduced higher
frequency bands do not appear to pose significant additional risks, it is recommended that age-specific exposure
standards be considered in the development of electromagnetic radiation protection guidelines, and that base station
siting strategies prioritize the protection of thyroid health in children and adolescents.

KEYWORDS 5G Sub-6 GHz, Thyroid gland, EMF exposure, Risk assessment, Computational dosimetry study
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Fig.1 Simulation environment of downlink radiation coupled with human body
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Table 1 Main parameters of the three human virtual models

Rt 4 R e 5 R/ kg BMIfH BRI R R i
Model name  Representative group  Age /m Weight /(kg'm?) /mm /g

Height BMI Pixel spacing  Thyroid mass
1 5¢ Duke R Adult 34 1.77 70.2 22.4 0.5%0.5 21.2
% 5 i Louis 7§ /0 4F Adolescent 14 1.68 49.7 17.6 0.5x0.5 114
1#5F Dizzy  JL# Child 8 1.37 253 13.5 0.5x0.5 4.4
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3.2  Sub- 6 GHz &= 5TEL BY B IR BR XU BE:

A AN 5G sub-6 GHz 41 B (FF 5 /& 2.6 GHz.
3.5 GHz #14.9 GHz S8 an B JuARE. B,
AL 7E 5G sub-6 GHz ¥ [l P 45 b3k A7 B 117+ 2
NG R REE. SHULMMALSTE, &K
S bR B B R E B R S AN B RS S
CAVTAl 52 b % 72 /K7 o R0, BT 2RA T B 43X
T. (Time division duplexing, TDD) #A, & ¥
BB )N AT B RS AR S T I — s Pk M

AT 53 S AE U — A VT A R 2 i B PR A
X FREAT 7. H— ISR E A T A
T E A TR EAE AT IO 2 B R PR A 5K
FEAEBEE PIFRAEFIRIYE N, 75 A [R5 A BT e 7
(1) 2 8 B PR 2% A1 N 0 R BB AT BE XS o E LS 1)
L, FER—APPE R, HR R TSAR A Ba A2 1) %
T8 o 72T GB AR HEM VA, HIR AR
TSAR {E B A2 (1) 38 fnimi N B (110D 2R1f, fE
JT ICNIRP 5/ () VP4l 1, AR IR TSAR B 2 30
JebE ARG I B, BEE N BRI,
MAEZ)1.8~2.6 GHz AR AL (1), R IEE AT
s, EIJEFLE1.8~2.6 GHz B .

KR, MWHURBRA LIRS MAERE,
TS 1 — AR 2 5 B PR B0, 5G sub-
6 GHz Ju [H )3 1) = 4 B (1 2.6 GHz. 3.5 GHz #ll
4.9 GHz) X HUIR IR 20 2315 R M RS 3 U o 3X —
S50 5 KM R AR BE &R S8 RS VT Al 2 SR A —
Fbes, SR, VPR R, KW E AR S
2 15 E B MR — 8 22 57 IRIEE KAx
e, T AE R 3 4 P 7E sub-6 GHz 8 15 AT
Bes MK ICNIRP $ 55, XU U 4E mf 78 mp 43 B
R, FEFHFR 58, 5G7E sub-6 GHz T 5] N
(1) PR A B AN 2 XoF FEOIR s Rl S 25 1) 3 18 XU

33 BERMFMEKRIE

AHEFKH T Sim4Life *F 4 1 1] Duke. Louis
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A HABEAAERNE, HFRE &5 508 21.2 g,
11.4 gFl4.4 g, 5 NRMEG 2B IUEER AT .
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SR, 25 RS EI AR IR BR AL A7 fige 37 =2 b A7 AE A
PRZE SR, T g 51 22 S o 7 R R S A ARy ik — o0
W
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