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main harmonic components of the waveform are analyzed. A dipole antenna model and a three-dimensional human
body model are established in the simulation software COMSOL Multiphysics. Through the coupling modules of
electromagnetic and thermal fields, the induced electric field intensity, magnetic field intensity, specific absorption
rate (SAR), and temperature distribution in human tissues were obtained. The results are compared with the
"Guidelines for Limiting Exposure to Electromagnetic Fields" established by the International Commission on Non-
Ionizing Radiation Protection (ICNIRP). The results showed that when the human body is 1 km away from the
exposure source, the induced electric field intensity, magnetic field intensity, local maximum SAR value, and
average SAR value are 88.8 V/m, 0.58 A/m, 0.66 W/kg, and 0.011 W/kg, respectively. The electric and magnetic
fields exceed the ICNIRP limits of 59.8 V/m and 0.22 A/m, respectively. However, at a distance of 10 km, the
electric field, magnetic field, local maximum SAR value, and average SAR value all meet the safety limits. The
temperature rise in human tissues is mainly concentrated in the brain, and after an exposure time of 6 minutes, the
temperature rise is 0.217 1 °C, which meets the ICNIRP's local temperature rise limit of 2 °C and core temperature
rise limit of 1 °C. This study provides a scientific basis for the health risk assessment of electromagnetic exposure in
the human body in a nuclear electromagnetic pulse environment.

KEYWORDS Nuclear electromagnetic pulse, Dipole antenna, Electromagnetic field, Temperature field, Specific
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Fig. 1 (a) Three stages of nuclear electromagnetic pulse; (b) NEMP waveform of E£1 stage
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Table 2 Dielectric constant and conductivity of human tissues at different frequencies

S | MHz AR AEXF A HE R 4 HS% /(S'm™)

Frequency Tissue Relative permittivity Conductivity

10 3k Bz Scalp 361.66 0.197 32
Fili - Skull 36.772 0.042 822
K% Brain 267.165 0.707 467 5
HKF Trunk 201.095 4 0.390

20 3L Scalp 209.22 0.289 53
Fii - Skull 24.917 0.048 915
K i Brain 178.86 0.774 1
HKF* Trunk 118.364 92 0.500 932

30 3k Bz Scalp 152.94 0.341 68
FiliE Skull 20.939 0.052 468
K% Brain 140.39 0.816 1175
HXT Trunk 91.585 72 0.522 8972

®3 ANGARHRSH

Table 3 Thermal properties of different biological tissues of the human model

HHR p/(kg-m™) k/(W+-(m-=°C)™") C/(I(kg-°C)™) O/ (Wrm™) w, /s
Tissue

3k Scalp 1125 0.42 3500 1620 0.02
Fiji Skull 1990 0.37 3100 610 0.000 46
K JIgi Brain 1038 0.53 3650 7100 0.008 83
HXTF Trunk 1169 0.412 2960 911 0.003
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Fig.5 SAR value verification: (a) calculation domain of verification; (b) comparision of calculated SAR values with reference [32]

V/m
A 89

30
25
20
15
10

1%}

(b)
V/m
A 38838
30
25
20
i1
10
5

V¥ 0.095 v 001
(d) A/m
A
A/(TSS A 006
0.40 040
[ 0.39 s
0.30
0.38
0.25
037 555
0.36 015
035 0.10
0.05
¥ 0.29 ¥ 003

6 NARIBENLHLE A3 : () 1 km HIZHREE ; (5)10 km FLI7 58 5 (o)1 km BES7 38 : (d) 10 km R 3% 5 FE
Fig.6 Human electromagnetic field distribution: (a) electric field intensity at 1 km; (b) electric field intensity at 10 km; (c)
magnetic field intensity at 1 km; (d) magnetic field intensity at 10 km

030602-7



FHEESE . R BB AR B AR AR T AR R RS AR R 37 115 3

R4 BFARBGNESTEERNE

Table 4 Maximum electric and magnetic field intensities in different tissues

BEES / km PR HIZ SR LU / (V-m™) W7 /(A m™)
Distance Tissue Peak value of electric field Magnetic field
1 3k % Scalp 3.25 0.39
Fi 4 Skull 88.80 0.39
K Brain 0.73 0.39
H%TF Trunk 53.20 0.58
10 3k {2 Scalp 0.33 0.04
Fiii B Skull 8.90 0.04
Kt Brain 0.72 0.04
4%+ Trunk 5.30 0.06
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Fig.8 Temperature distribution in human tissues: (a), (c) 1 km head section and trunk; (b), (d) 10 km head section and trunk
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