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Effects of extremely low frequency electromagnetic exposure on calcium ion transmembrane

migration and mechanism analysis
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Abstract: Objective To study the effects of extremely low frequency (ELF) electromagnetic exposure on calcium ion
transmembrane migration. Methods The human hepatoma cells were taken as the subjects in this study. The responses of calcium
ion transmembrane migration to ELF electromagnetic exposure were detected by laser scanning confocal microscopy. Results
Under the condition that the magnetic field strength remained at 1.78x107 T, the transmembrane migration of calcium ion in
exposure groups was responded to the applied electromagnetic exposure environment with different properties. With the frequency
(f) of 16 Hz or 45 Hz and electric field peak (£») of 53 V/m, f'of 16 Hz and E» of 80 V/m, the ELF electromagnetic exposure made
calcium ion transmembrane migration increased significantly, while calcium ion transmembrane migration wasn't increased
significantly under the exposure with / of 32 Hz or 60 Hz and E; of 53 V/m, f'of 16 Hz and E; of 26 V/m or 87 V/m. Conclusion
The combination of different frequencies and electric field peaks of ELF electromagnetic exposure can increase calcium ion
transmembrane migration, and the differences are significant, which provides experimental basis for the biological application
of ELF electromagnetic exposure. The mechanism of the effects of ELF electromagnetic exposure on calcium ion transmembrane
migration should be discussed based on the physical and biological characteristics of cell membrane ion channels.
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Fig.1 Schematic diagram of experimental system

ELF: Extremely low frequency
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Tab.1 Effects of ELF electromagnetic exposure on calcium ion transmembrane migration

Electric field peak Sample number Reliability coefficient
fiHz B . Group

(£p)/V-m 1 2 3 4 5 P value

16 53 Exposure 3.35 235 232 240 3.62
<0.001

Control 634 786 838 622 7.08

32 53 Exposure 243 316 328 294 3.07
>0.100

Control 262 3.02 28 220 277

45 53 Exposure  0.66  3.15 285 294 250
<0.005

Control 350 691 433 776 631

60 53 Exposure ~ 2.67  3.11 371 442 3.70
>0.050

Control 243 352 169 247 275

16 26 Exposure  3.21  4.07 262 287 422
>0.100

Control 214 359 219 342 312

16 80 Exposure 246 142 1.16 241 1.35
<0.001

Control 3.09 403 350 341 338

16 87 Exposure  4.53 215 597 378 176
>0.100

Control 491 447 498 215 479
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