
Scientific Studies on Wireless and Health and Environment

The widespread use of wireless technology is rapidly increasing children’s exposure to
radiofrequency radiation (RFR), a type of electromagnetic field.

There is now substantial published, peer-reviewed scientific evidence indicating that wireless
radiation can have a variety of harmful effects–even at exposure levels that meet governments
wireless radiation limits. Hundreds of research studies have linked wireless RFR to numerous
effects, including impacts to memory, brain development, reproduction, behavior, emotional
problems, headaches, and DNA, as well as increased thyroid cancer and brain tumor risk.

The American Academy of Physicians states children are more vulnerable to wireless radiation.
The organization has long called for an update to cell phone and wireless radiation regulations
because current government regulations have remained unchanged for over two decades and
the exposure limits do not reflect real world ubiquitous exposures. Children absorb more intense
levels of wireless radiation deeper and more intensely into their brain compared to adults
because they have thinner skulls, smaller heads and a higher water content in their brains.
Research finds children can absorb up to 10 or more times higher radiation than adults into their
brain, eyes and bone marrow.

More importantly, children are uniquely vulnerable to wireless radiation because their rapidly
developing brains are more sensitive. Even very “low level” toxic exposures at a critical time in
development can result in serious effects later in life. Today’s children will have a higher lifetime
exposure to wireless radiation than previous generations and their exposures begin during
pregnancy.

Scientific research on the health effects of non-ionizing electromagnetic radiation

EHT has compiled a short list of published scientific research on this page which documents
adverse biological effects from wireless radiofrequency (RF) radiation and non-ionizing
magnetic field and extremely low frequency electromagnetic exposures. Adverse effects are
found at levels that are legally allowed to be emitted by cell phones, wireless devices,
electronics, cell tower networks, and electrical distribution systems.
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tissue-specific exposure of cell phone users", Physics Medicine Biology 55, pp.
1767–1783

Fernández, C., de Salles, A. A., Sears, M. E., Morris, R. D., & Davis, D. L. (2018). Absorption of
wireless radiation in the child versus adult brain and eye from cell phone conversation or virtual
reality. Environmental Research, 167, 694–699.

Fernández-Rodríguez, C. E., De Salles, A. A. A., & Davis, D. L. (2015). Dosimetric Simulations
of Brain Absorption of Mobile Phone Radiation–The Relationship Between psSAR and Age.
IEEE Access, 3, 2425–2430.

Ferreira, J., & Almeida de Salles, A. (2015). Specific Absorption Rate (SAR) in the head of
Tablet users. The 7Th IEEE Latin-American Conference On Communications (Latincom 2015),
1538, 5-9. Retrieved 3 June 2020.

Gandhi, O. P. (2015). Yes the Children Are More Exposed to Radiofrequency Energy From
Mobile Telephones Than Adults. IEEE Access, 3, 985–988.

Gandhi, O. P., Morgan, L. L., de Salles, A. A., Han, Y.-Y., Herberman, R. B., & Davis, D. L.
(2012). Exposure Limits: The underestimation of absorbed cell phone radiation, especially in
children. Electromagnetic Biology and Medicine, 31(1), 34–51.

Lloyd Morgan, Santosh Kesari and Devra Lee Davis. Why children absorb more microwave
radiation than adults: The consequences. Journal of Microscopy and Ultrastructure 2.4 (2014):
197-204.

Mohammed, B., Jin, J., Abbosh, A. M., Bialkowski, K. S., Manoufali, M., & Crozier, S. (2017).
Evaluation of Children’s Exposure to Electromagnetic Fields of Mobile Phones Using
Age-Specific Head Models With Age-Dependent Dielectric Properties. IEEE Access, 5,
27345–27353.

Siervo, B., Morelli, M. S., Landini, L., & Hartwig, V. (2018). Numerical evaluation of human
exposure to WiMax patch antenna in tablet or laptop. Bioelectromagnetics, 39(5), 414–422.

Wang J, Fujiwara O, Kodera S, Watanabe S. FDTD calculation of whole-body average SAR in
adult and child models for frequencies from 30 MHz to 3 GHz. Phys Med Biol. 2006 Sep
7;51(17):4119-27. doi: 10.1088/0031-9155/51/17/001. Epub 2006 Aug 8. PMID: 16912372.

http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=7369166
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=7369166
https://pubmed.ncbi.nlm.nih.gov/20157229/
https://pubmed.ncbi.nlm.nih.gov/20157229/
https://iopscience.iop.org/article/10.1088/0031-9155/55/7/001
https://iopscience.iop.org/article/10.1088/0031-9155/55/7/001
https://doi.org/10.1016/j.envres.2018.05.013
https://doi.org/10.1016/j.envres.2018.05.013
https://doi.org/10.1016/j.envres.2018.05.013
https://doi.org/10.1109/ACCESS.2015.2502900
https://doi.org/10.1109/ACCESS.2015.2502900
https://doi.org/10.1109/ACCESS.2015.2502900
http://ceur-ws.org/Vol-1538/paper-02.pdf
http://ceur-ws.org/Vol-1538/paper-02.pdf
https://doi.org/10.1109/ACCESS.2015.2438782
https://doi.org/10.1109/ACCESS.2015.2438782
https://doi.org/10.1109/ACCESS.2015.2438782
https://doi.org/10.3109/15368378.2011.622827
https://doi.org/10.3109/15368378.2011.622827
https://doi.org/10.3109/15368378.2011.622827
http://www.sciencedirect.com/science/article/pii/S2213879X14000583
http://www.sciencedirect.com/science/article/pii/S2213879X14000583
https://doi.org/10.1109/ACCESS.2017.2767074
https://doi.org/10.1109/ACCESS.2017.2767074
https://doi.org/10.1002/bem.22128
https://doi.org/10.1002/bem.22128
https://iopscience.iop.org/article/10.1088/0031-9155/51/17/001
https://iopscience.iop.org/article/10.1088/0031-9155/51/17/001


Exposure to the fetus
Karatsi, I., Bakogianni, S., Koulouridis, S. (2023). SAR and thermal distribution of pregnant
woman and child inside elevator cabin. International Journal of Microwave and Wireless
Technologies, 15, 213–226.

Cabot, E., Christ, A., Bühlmann, B., Zefferer, M., Chavannes, N., Bakker, J. F., van Rhoon, G.
C., & Kuster, N. (2014). Quantification Of RF-exposure of the Fetus Using Anatomical
CAD-Models in Three Different Gestational Stages. Health Physics, 107(5), 369–381.

Varsier, N., Dahdouh, S., Serrurier, A., De la Plata, J-P., Anquez, J., Angelini, E. D., Bloch, I.,
Wiart, J. (2014). Influence of pregnancy stage and fetus position on the whole-body and local
exposure of the fetus to RF-EMF. Phys Med Biol, 59(17), 4913-4926.

Nagaoka, T., Niwa, T. andWatanabe, S. (2013). Specific absorption rate in human fetus with
fetal growth for RF far-field exposure. 2013 Asia-Pacific Microwave Conference Proceedings
(APMC), Seoul, Korea (South), 539-541.

Tateno, A., Akimoto, S., Nagaoka, T., Saito, K., Watanabe, S., Takahashi, M., and Ito, K. (2014).
Specific absorption rates and temperature elevations due to wireless radio terminals in proximity
to a fetus at gestational ages of 13, 18, and 26 weeks. IEICE Trans. Commun., E97.B(10),
2175–2183.

Joe Wiart, Soichi Watanabe, Isabelle Bloch, Jérémie Anquez, Juan Pablo de La Plata Alcalde,
et al.. (2011 August) Fetus RF exposure analysis. Preliminary results based on three realistic 3D
digital models. XXX General Assembly and Scientific Symposium of International Union of
Radio Science URSI 2011, Istanbul, Turkey.

Hadjem, A., Conil, E., Bibin, L., Anquez, J., Angelini, E., Bloch, I., Wiart, J. (2010). Analysis of
the SAR induced in the fetus at different stages of gestation exposed to plane wave at 900MHz
32nd Bioelectromagnetics Society Annual Meeting June 14-18.

Živković, Z., Vujević, E., Poljak, D., El Khamlichi Drissi, K. and Šarolić, A. (2013 September
18-20). Computation of SAR in the simplified model of a pregnant woman exposed to RF
radiation from 10 MHz to 1800 MHz. 2013 21st International Conference on Software,
Telecommunications and Computer Networks - (SoftCOM 2013), Split, Croatia, 1-5.

Need For More Protective Government Safety Limits
Alster, N. (2015). Captured agency: How the Federal Communications Commission is
dominated by the industries it presumably regulates. Harvard University: Cambridge, MA, USA.

Barnes, F., & Freeman, J. E. R. (2022). Some thoughts on the possible health effects of electric
and magnetic fields and exposure guidelines. Frontiers in Public Health, 10.

https://www.cambridge.org/core/services/aop-cambridge-core/content/view/682966211281DE780EB79E964E6F72E4/S1759078722000253a.pdf/sar-and-thermal-distribution-of-pregnant-woman-and-child-inside-elevator-cabin.pdf
https://www.cambridge.org/core/services/aop-cambridge-core/content/view/682966211281DE780EB79E964E6F72E4/S1759078722000253a.pdf/sar-and-thermal-distribution-of-pregnant-woman-and-child-inside-elevator-cabin.pdf
https://doi.org/10.1097/HP.0000000000000129
https://doi.org/10.1097/HP.0000000000000129
https://iopscience.iop.org/article/10.1088/0031-9155/59/17/4913
https://iopscience.iop.org/article/10.1088/0031-9155/59/17/4913
https://ieeexplore.ieee.org/document/6694857
https://ieeexplore.ieee.org/document/6694857
https://www.jstage.jst.go.jp/article/transcom/E97.B/10/E97.B_2175/_article
https://www.jstage.jst.go.jp/article/transcom/E97.B/10/E97.B_2175/_article
https://inserm.hal.science/LAB-STICC_TB/hal-02488951v1
https://inserm.hal.science/LAB-STICC_TB/hal-02488951v1
https://perso.telecom-paristech.fr/bloch/papers/proceedings/BEMS2010.pdf
https://perso.telecom-paristech.fr/bloch/papers/proceedings/BEMS2010.pdf
https://ieeexplore.ieee.org/document/6671860
https://ieeexplore.ieee.org/document/6671860
https://ethics.harvard.edu/files/center-for-ethics/files/capturedagency_alster.pdf
https://ethics.harvard.edu/files/center-for-ethics/files/capturedagency_alster.pdf
https://www.frontiersin.org/articles/10.3389/fpubh.2022.994758
https://www.frontiersin.org/articles/10.3389/fpubh.2022.994758
https://www.frontiersin.org/articles/10.3389/fpubh.2022.994758


Belyaev, I. (2010). Dependence of non-thermal biological effects of microwaves on physical and
biological variables: Implications for reproducibility and safety standards. European Journal of
Oncology Library, 5, 187–218.

Belyaev, I. Y., & Grigoriev, Y. G. (2007). Problems in assessment of risks from exposures to
microwaves of mobile communication. Radiatsionnaia Biologiia, Radioecologiia, 47(6),
727–732.

Blank M. Cell biology and EMF safety standards. Electromagn Biol Med.
2015;34(4):387-9.

International Commission on the Biological Effects of Electromagnetic Fields (ICBE-EMF),
(2022). Scientific evidence invalidates health assumptions underlying the FCC and ICNIRP
exposure limit determinations for radiofrequency radiation: implications for 5G. Environ Health.
Oct 18;21(1):92.

Gandhi, O. P. (2019). Microwave Emissions From Cell Phones Exceed Safety Limits in Europe
and the US When Touching the Body. IEEE Access, 7, 47050–47052.

Georgiou, C. D., Kalaitzopoulou, E., Skipitari, M., Papadea, P., Varemmenou, A., Gavriil, V.,
Sarantopoulou, E., Kollia, Z., & Cefalas, A.-C. (2022). Physical Differences between Man-Made
and Cosmic Microwave Electromagnetic Radiation and Their Exposure Limits, and
Radiofrequencies as Generators of Biotoxic Free Radicals. Radiation, 2(4), 285–302.

Hardell, L. (2017). World Health Organization, radiofrequency radiation and health—A hard nut
to crack (Review). International Journal of Oncology, 51(2), 405–413.

Hardell, L., & Carlberg, M. (2020). [Comment] Health risks from radiofrequency radiation,
including 5G, should be assessed by experts with no conflicts of interest. Oncology Letters,
20(4), 1–1.

Hardell, L., & Carlberg, M. (2021). Lost opportunities for cancer prevention: Historical evidence
on early warnings with emphasis on radiofrequency radiation. Reviews on Environmental
Health, 36(4), 585–597.

Hardell, L., Nilsson, M., Koppel, T., & Carlberg, M. (2021). Aspects on the International
Commission on Non-Ionizing Radiation Protection (ICNIRP) 2020 Guidelines on
Radiofrequency Radiation. Journal of Cancer Science and Clinical Therapeutics, 5(2), 250–285.

Hardell, L., & Sage, C. (2008). Biological effects from electromagnetic field exposure and public
exposure standards. Biomedicine & Pharmacotherapy = Biomedecine & Pharmacotherapie,
62(2), 104–109.

Lai, H., & Levitt, B. B. (2022). The roles of intensity, exposure duration, and modulation on the
biological effects of radiofrequency radiation and exposure guidelines. Electromagnetic Biology
and Medicine, 41(2), 230–255.

Lin, J. C. (2023). Incongruities in recently revised radiofrequency exposure guidelines and
standards. Environmental Research, 222, 115369.

https://www.ramazzini.org/wp-content/uploads/2008/03/Non-thermal-effects-and-mechanisms-of-interaction-between-electromagnetic-fields-and-living-matter_2010.pdf
https://www.ramazzini.org/wp-content/uploads/2008/03/Non-thermal-effects-and-mechanisms-of-interaction-between-electromagnetic-fields-and-living-matter_2010.pdf
https://pubmed.ncbi.nlm.nih.gov/18380333/
https://pubmed.ncbi.nlm.nih.gov/18380333/
https://www.tandfonline.com/doi/full/10.3109/15368378.2014.952433
https://ehjournal.biomedcentral.com/articles/10.1186/s12940-022-00900-9
https://ehjournal.biomedcentral.com/articles/10.1186/s12940-022-00900-9
https://doi.org/10.1109/ACCESS.2019.2906017
https://doi.org/10.1109/ACCESS.2019.2906017
https://doi.org/10.1109/ACCESS.2019.2906017
https://doi.org/10.3390/radiation2040022
https://doi.org/10.3390/radiation2040022
https://doi.org/10.3390/radiation2040022
https://doi.org/10.3390/radiation2040022
https://doi.org/10.3892/ijo.2017.4046
https://doi.org/10.3892/ijo.2017.4046
https://doi.org/10.3892/ijo.2017.4046
https://doi.org/10.3892/ol.2020.11876
https://doi.org/10.3892/ol.2020.11876
https://doi.org/10.3892/ol.2020.11876
https://doi.org/10.1515/reveh-2020-0168
https://doi.org/10.1515/reveh-2020-0168
https://doi.org/10.1515/reveh-2020-0168
https://www.fortunejournals.com/articles/aspects-on-the-international-commission-on-nonionizing-radiation-protection-icnirp-2020-guidelines-on-radiofrequency-radiation.pdf
https://www.fortunejournals.com/articles/aspects-on-the-international-commission-on-nonionizing-radiation-protection-icnirp-2020-guidelines-on-radiofrequency-radiation.pdf
https://www.fortunejournals.com/articles/aspects-on-the-international-commission-on-nonionizing-radiation-protection-icnirp-2020-guidelines-on-radiofrequency-radiation.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0753332207002909?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0753332207002909?via%3Dihub
https://doi.org/10.1016/j.biopha.2007.12.004
https://doi.org/10.1080/15368378.2022.2065683
https://doi.org/10.1080/15368378.2022.2065683
https://doi.org/10.1080/15368378.2022.2065683
https://doi.org/10.1016/j.envres.2023.115369
https://doi.org/10.1016/j.envres.2023.115369


Lin, J. C. (2023). A Paradigm Shift? IEEE Microw.
https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=10314707

Lopez I, Rivera M, Feliz N, Maestu C. (2022) It is mandatory to review environmental
radiofrequency electromagnetic field measurement protocols and exposure regulations: An
opinion article. Front. Public Health, 24 October

Pall, M. L. (2015). Scientific evidence contradicts findings and assumptions of Canadian Safety
Panel 6: Microwaves act through voltage-gated calcium channel activation to induce biological
impacts at non-thermal levels, supporting a paradigm shift for microwave/lower frequency
electromagnetic field action. Reviews on Environmental Health, 30(2), 99–116.

Panagopoulos, D. J., Johansson, O., & Carlo, G. L. (2013). Evaluation of Specific Absorption
Rate as a Dosimetric Quantity for Electromagnetic Fields Bioeffects. PLOS ONE, 8(6), e62663.

Panagopoulos, D. J., Johansson, O., & Carlo, G. L. (2015). Real versus Simulated Mobile
Phone Exposures in Experimental Studies. BioMed Research International, 2015, 607053.

Panagopoulos, D. J., Johansson, O., & Carlo, G. L. (2015). Polarization: A Key Difference
between Man-made and Natural Electromagnetic Fields, in regard to Biological Activity.
Scientific Reports, 5, 14914.

Pockett S. Public health and the radio frequency radiation emitted by cellphone
technology, smart meters and WiFi. N Z Med J. 2018 Dec 14;131(1487):97-107.

Redmayne, M. (2016). International policy and advisory response regarding children’s exposure
to radio frequency electromagnetic fields (RF-EMF). Electromagnetic Biology and Medicine,
35(2), 176–185.

Uche, U. I., & Naidenko, O. V. (2021). Development of health-based exposure limits for
radiofrequency radiation from wireless devices using a benchmark dose approach.
Environmental Health, 20(1), 84.

Fertility and Reproduction
Adams, J. A., Galloway, T. S., Mondal, D., Esteves, S. C., & Mathews, F. (2014). Effect of mobile
telephones on sperm quality: A systematic review and meta-analysis. Environment International,
70, 106–112.

Chen, H.-G., Wu, P., Sun, B., Chen, J.-X., Xiong, C.-L., Meng, T.-Q., Huang, X.-Y., Su, Q.-L.,
Zhou, H., Wang, Y.-X., Ye, W., & Pan, A. (2022). Association between electronic device usage
and sperm quality parameters in healthy men screened as potential sperm donors.
Environmental Pollution (Barking, Essex: 1987), 312, 120089.

Chu KY, Khodamoradi K, Dullea A, Ramasamy R. Swipe Right on Male Infertility: Effect of cell
phone radiation on sperm motility. Fertility and Sterility. 118(5 Suppl):e38-e39. 2022.

https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=10314707
https://www.frontiersin.org/articles/10.3389/fpubh.2022.992645/full
https://www.frontiersin.org/articles/10.3389/fpubh.2022.992645/full
https://www.frontiersin.org/articles/10.3389/fpubh.2022.992645/full
https://doi.org/10.1515/reveh-2015-0001
https://doi.org/10.1515/reveh-2015-0001
https://doi.org/10.1515/reveh-2015-0001
https://doi.org/10.1515/reveh-2015-0001
https://doi.org/10.1515/reveh-2015-0001
https://doi.org/10.1371/journal.pone.0062663
https://doi.org/10.1371/journal.pone.0062663
https://doi.org/10.1371/journal.pone.0062663
https://doi.org/10.1155/2015/607053
https://doi.org/10.1155/2015/607053
https://doi.org/10.1155/2015/607053
https://doi.org/10.1038/srep14914
https://doi.org/10.1038/srep14914
https://journal.nzma.org.nz/journal-articles/public-health-and-the-radio-frequency-radiation-emitted-by-cellphone-technology-smart-meters-and-wifi
https://journal.nzma.org.nz/journal-articles/public-health-and-the-radio-frequency-radiation-emitted-by-cellphone-technology-smart-meters-and-wifi
https://doi.org/10.3109/15368378.2015.1038832
https://doi.org/10.3109/15368378.2015.1038832
https://doi.org/10.3109/15368378.2015.1038832
https://doi.org/10.1186/s12940-021-00768-1
https://doi.org/10.1186/s12940-021-00768-1
https://doi.org/10.1186/s12940-021-00768-1
https://doi.org/10.1016/j.envint.2014.04.015
https://doi.org/10.1016/j.envint.2014.04.015
https://doi.org/10.1016/j.envpol.2022.120089
https://doi.org/10.1016/j.envpol.2022.120089
https://doi.org/10.1016/j.envpol.2022.120089
https://www.sciencedirect.com/science/article/pii/S0015028222017095
https://www.sciencedirect.com/science/article/pii/S0015028222017095


Desai, N.R., Kesari, K.K. & Agarwal, A. Pathophysiology of cell phone radiation: oxidative stress
and carcinogenesis with focus on male reproductive system. Reprod Biol Endocrinol 7, 114
(2009).

Dasdag, S., Muzaffer T., Mehmet Z.A., & Korkut Y., (2015) Effect of long-term exposure of
2.4 GHz radiofrequency radiation emitted from Wi-Fi equipment on testes functions,
Electromagnetic Biology and Medicine, 34:1, 37-42

Esmailzadeh, S., Delavar, M. A., Aleyassin, A., Gholamian, S. A., & Ahmadi, A. (2019).
Exposure to Electromagnetic Fields of High Voltage Overhead Power Lines and Female
Infertility. The International Journal of Occupational and Environmental Medicine, 10(1), 11–16.

Hassanzadeh-Taheri, M., Khalili, M. A., Hosseininejad Mohebati, A., Zardast, M., Hosseini, M.,
Palmerini, M. G., & Doostabadi, M. R. (2022). The detrimental effect of cell phone radiation on
sperm biological characteristics in normozoospermic. Andrologia, 54(1), e14257.

Houston, B. J., Nixon, B., King, B. V., De Iuliis, G. N., & Aitken, R. J. (2016). The effects of
radiofrequency electromagnetic radiation on sperm function. Reproduction (Cambridge,
England), 152(6), R263–R276.

Jangid, P., Rai, U., Sharma, R. S., & Singh, R. (2022). The role of non-ionizing electromagnetic
radiation on female fertility: A review. International Journal of Environmental Health Research,
0(0), 1–16.

Kesari, K. K., & Behari, J. (2010). Effects of microwave at 2.45 GHz radiations on reproductive
system of male rats. Toxicological & Environmental Chemistry, 92(6), 1135–1147.

Kim S, Han D, Ryu J, Kim K, Kim YH. Effects of mobile phone usage on sperm quality -
No time-dependent relationship on usage: A systematic review and updated
meta-analysis. Environ Res. 2021 Nov

Koohestanidehaghi Y, Khalili MA, Fesahat F, Seify M, Mangoli E, Kalantar SM, Annarita
Nottola S, Macchiarelli G, Grazia Palmerini M. (2023) Detrimental effects of
radiofrequency electromagnetic waves emitted by mobile phones on morphokinetics,
oxidative stress, and apoptosis in mouse preimplantation embryos. Environ Pollut. Nov
1;336:122411.

Maluin, S. M., Osman, K., Jaffar, F. H. F., & Ibrahim, S. F. (2021). Effect of Radiation Emitted by
Wireless Devices on Male Reproductive Hormones: A Systematic Review. Frontiers in
Physiology, 12.

Sibel Türedi, Hatice Hancı, Serdar Çolakoğlu, Haydar Kaya & Ersan Odacı (2016)
Disruption of the ovarian follicle reservoir of prepubertal rats following prenatal exposure
to a continuous 900-MHz electromagnetic field, International Journal of Radiation
Biology, 92:6, 329-337

Okechukwu, C. E. (2020). Does the Use of Mobile Phone Affect Male Fertility? A Mini-Review.
Journal of Human Reproductive Sciences, 13(3), 174–183.

https://doi.org/10.1186/1477-7827-7-114
https://doi.org/10.1186/1477-7827-7-114
https://www.tandfonline.com/doi/abs/10.3109/15368378.2013.869752
https://www.tandfonline.com/doi/abs/10.3109/15368378.2013.869752
https://doi.org/10.15171/ijoem.2019.1429
https://doi.org/10.15171/ijoem.2019.1429
https://doi.org/10.15171/ijoem.2019.1429
https://doi.org/10.1111/and.14257
https://doi.org/10.1111/and.14257
https://doi.org/10.1530/REP-16-0126
https://doi.org/10.1530/REP-16-0126
https://doi.org/10.1530/REP-16-0126
https://doi.org/10.1080/09603123.2022.2030676
https://doi.org/10.1080/09603123.2022.2030676
https://doi.org/10.1080/02772240903233637
https://doi.org/10.1080/02772240903233637
https://doi.org/10.1080/02772240903233637
https://doi.org/10.1016/j.envres.2021.111784
https://doi.org/10.1016/j.envres.2021.111784
https://doi.org/10.1016/j.envres.2021.111784
https://www.sciencedirect.com/science/article/abs/pii/S0269749123014136?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0269749123014136?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0269749123014136?via%3Dihub
https://www.frontiersin.org/articles/10.3389/fphys.2021.732420
https://www.frontiersin.org/articles/10.3389/fphys.2021.732420
https://www.tandfonline.com/doi/full/10.3109/09553002.2016.1152415
https://www.tandfonline.com/doi/full/10.3109/09553002.2016.1152415
https://doi.org/10.4103/jhrs.JHRS_126_19
https://doi.org/10.4103/jhrs.JHRS_126_19


Yu, G., Bai, Z., Song, C., Cheng, Q., Wang, G., Tang, Z., & Yang, S. (2021). Current progress on
the effect of mobile phone radiation on sperm quality: An updated systematic review and
meta-analysis of human and animal studies. Environmental Pollution, 282, 116952.

Zhang, G., Yan, H., Chen, Q., Liu, K., Ling, X., Sun, L., Zhou, N., Wang, Z., Zou, P., Wang, X.,
Tan, L., Cui, Z., Zhou, Z., Liu, J., Ao, L., & Cao, J. (2016). Effects of cell phone use on semen
parameters: Results from the MARHCS cohort study in Chongqing, China. Environment
International, 91, 116–121.

Cancer and Wireless Radio Frequency
Hardell, L., Carlberg, M., Koppel, T., Nordström, M., Hedendah, L. Kl. (2020). Central nervous
system lymphoma and radiofrequency radiation – A case report and incidence data in the
Swedish Cancer Register on non-Hodgkin lymphoma. Medical Hypotheses, 144, 110052.

Bevelacqua, J. J., Mehdizadeh, A. R., & Mortazavi, S. M. J. (2020). A New Look at Three
Potential Mechanisms Proposed for the Carcinogenesis of 5G Radiation. Journal of Biomedical
Physics and Engineering, 10(6), 675-678. doi: 10.31661/jbpe.v0i0.2008-1157

Bortkiewicz, A., Gadzicka, E., & Szymczak, W. (2017). Mobile phone use and risk for intracranial
tumors and salivary gland tumors—A meta-analysis. International Journal of Occupational
Medicine and Environmental Health, 30(1), 27–43.

Cardis, E., Armstrong, B. K., Bowman, J. D., Giles, G. G., Hours, M., Krewski, D., McBride, M.,
Parent, M. E., Sadetzki, S., Woodward, A., Brown, J., Chetrit, A., Figuerola, J., Hoffmann, C.,
Jarus-Hakak, A., Montestruq, L., Nadon, L., Richardson, L., Villegas, R., & Vrijheid, M. (2011).
Risk of brain tumours in relation to estimated RF dose from mobile phones: Results from five
Interphone countries. Occupational and Environmental Medicine, 68(9), 631.

Carlberg, M., & Hardell, L. (2017). Evaluation of Mobile Phone and Cordless Phone Use and
Glioma Risk Using the Bradford Hill Viewpoints from 1965 on Association or Causation. BioMed
Research International, 2017, 9218486.

Carlberg, M., Hedendahl, L., Ahonen, M., Koppel, T., & Hardell, L. (2016). Increasing incidence
of thyroid cancer in the Nordic countries with main focus on Swedish data. BMC Cancer, 16(1),
426.

Carlberg, M., & Hardell, L. (2014). Decreased Survival of Glioma Patients with Astrocytoma
Grade IV (Glioblastoma Multiforme) Associated with Long-Term Use of Mobile and Cordless
Phones. International Journal of Environmental Research and Public Health, 11(10),
10790–10805.

Choi, Y.-J., Moskowitz, J. M., Myung, S.-K., Lee, Y.-R., & Hong, Y.-C. (2020). Cellular Phone
Use and Risk of Tumors: Systematic Review and Meta-Analysis. International Journal of
Environmental Research and Public Health, 17(21), 8079.

Coureau, G., Bouvier, G., Lebailly, P., Fabbro-Peray, P., Gruber, A., Leffondre, K., Guillamo,

https://doi.org/10.1016/j.envpol.2021.116952
https://doi.org/10.1016/j.envpol.2021.116952
https://doi.org/10.1016/j.envpol.2021.116952
https://doi.org/10.1016/j.envpol.2021.116952
https://doi.org/10.1016/j.envint.2016.02.028
https://doi.org/10.1016/j.envint.2016.02.028
https://www.sciencedirect.com/science/article/pii/S0306987720309567
https://www.sciencedirect.com/science/article/pii/S0306987720309567
https://www.sciencedirect.com/science/article/pii/S0306987720309567
https://jbpe.sums.ac.ir/article_46931.html
https://jbpe.sums.ac.ir/article_46931.html
https://doi.org/10.13075/ijomeh.1896.00802
https://doi.org/10.13075/ijomeh.1896.00802
https://doi.org/10.13075/ijomeh.1896.00802
https://doi.org/10.1136/oemed-2011-100155
https://doi.org/10.1136/oemed-2011-100155
https://doi.org/10.1136/oemed-2011-100155
https://doi.org/10.1155/2017/9218486
https://doi.org/10.1155/2017/9218486
https://doi.org/10.1155/2017/9218486
https://doi.org/10.1186/s12885-016-2429-4
https://doi.org/10.1186/s12885-016-2429-4
https://doi.org/10.1186/s12885-016-2429-4
https://doi.org/10.3390/ijerph111010790
https://doi.org/10.3390/ijerph111010790
https://doi.org/10.3390/ijerph111010790
https://doi.org/10.3390/ijerph111010790
https://doi.org/10.3390/ijerph17218079
https://doi.org/10.3390/ijerph17218079
https://doi.org/10.3390/ijerph17218079


J.-S., Loiseau, H., Mathoulin-Pélissier, S., Salamon, R., & Baldi, I. (2014). Mobile phone use
and brain tumours in the CERENAT case-control study. Occupational and Environmental
Medicine, 71(7), 514–522.

Davis DL., Pilarcik, AM., Miller, AB. (2020) Increased Generational Risk of Colon and Rectal
Cancer in Recent Birth Cohorts under Age 40 - the Hypothetical Role of Radiofrequency
Radiation from Cell Phones. Ann Gastroenterol Dig Dis, 3(1): 09-16.
​​https://www.somatopublications.com/increased-generational-risk-of-colon-and-rectal-cancer-in-r
ecent-birth-cohorts-under-age-40-the-hypothetical-role-of-radiofrequency-radiation-from-cell-pho
nes.pdf

Ding Z, Xiang X, Li J, Wu S. Molecular Mechanism of Malignant Transformation of
Balb/c-3T3 Cells Induced by Long-Term Exposure to 1800 MHz Radiofrequency
Electromagnetic Radiation (RF-EMR). Bioengineering (Basel). 2022 Jan 18;9(2):43

Directorate-General for Parliamentary Research Services (European Parliament), & Belpoggi, F.
(2021). Health impact of 5G: Current state of knowledge of 5G related carcinogenic and
reproductive/developmental hazards as they emerge from epidemiological studies and in vivo
experimental studies. (PDF) Publications Office of the European Union.

Falcioni, L., Bua, L., Tibaldi, E., Lauriola, M., De Angelis, L., Gnudi, F., Mandrioli, D., Manservigi,
M., Manservisi, F., Manzoli, I., Menghetti, I., Montella, R., Panzacchi, S., Sgargi, D., Strollo, V.,
Vornoli, A., & Belpoggi, F. (2018). Report of final results regarding brain and heart tumors in
Sprague-Dawley rats exposed from prenatal life until natural death to mobile phone
radiofrequency field representative of a 1.8 GHz GSM base station environmental emission.
Environmental Research, 165, 496–503.

Giuliani, L., & Soffritti, M. (2010). Non-thermal effects and mechanisms of interaction between
electromagnetic fields and living matter. Library Vol. 5, 187–218.

Hardell, L., & Carlberg, M. (2019). Comments on the US National Toxicology Program technical
reports on toxicology and carcinogenesis study in rats exposed to whole-body radiofrequency
radiation at 900 MHz and in mice exposed to whole-body radiofrequency radiation at 1,900
MHz. International Journal of Oncology, 54(1), 111–127.

Hardell, L., & Carlberg, M. (2013). Using the Hill viewpoints from 1965 for evaluating strengths
of evidence of the risk for brain tumors associated with use of mobile and cordless phones.
Reviews on Environmental Health, 28(2–3), 97–106.

Hardell, L., & Carlberg, M. (2015). Mobile phone and cordless phone use and the risk for
glioma—Analysis of pooled case-control studies in Sweden, 1997-2003 and 2007-2009.
Pathophysiology: The Official Journal of the International Society for Pathophysiology, 22(1),
1–13.

Hardell, L., & Carlberg, M. (2019). Comments on the US National Toxicology Program technical
reports on toxicology and carcinogenesis study in rats exposed to whole-body radiofrequency
radiation at 900 MHz and in mice exposed to whole-body radiofrequency radiation at 1,900
MHz. International Journal of Oncology, 54(1), 111–127.

https://doi.org/10.1136/oemed-2013-101754
https://doi.org/10.1136/oemed-2013-101754
https://doi.org/10.1136/oemed-2013-101754
https://www.somatopublications.com/increased-generational-risk-of-colon-and-rectal-cancer-in-recent-birth-cohorts-under-age-40-the-hypothetical-role-of-radiofrequency-radiation-from-cell-phones.pdf
https://www.somatopublications.com/increased-generational-risk-of-colon-and-rectal-cancer-in-recent-birth-cohorts-under-age-40-the-hypothetical-role-of-radiofrequency-radiation-from-cell-phones.pdf
https://www.somatopublications.com/increased-generational-risk-of-colon-and-rectal-cancer-in-recent-birth-cohorts-under-age-40-the-hypothetical-role-of-radiofrequency-radiation-from-cell-phones.pdf
https://www.mdpi.com/2306-5354/9/2/43
https://www.mdpi.com/2306-5354/9/2/43
https://www.mdpi.com/2306-5354/9/2/43
https://data.europa.eu/doi/10.2861/657478
https://data.europa.eu/doi/10.2861/657478
https://data.europa.eu/doi/10.2861/657478
https://www.europarl.europa.eu/RegData/etudes/STUD/2021/690012/EPRS_STU(2021)690012_EN.pdf
https://data.europa.eu/doi/10.2861/657478
https://doi.org/10.1016/j.envres.2018.01.037
https://doi.org/10.1016/j.envres.2018.01.037
https://doi.org/10.1016/j.envres.2018.01.037
https://doi.org/10.1016/j.envres.2018.01.037
https://www.icems.eu/papers/ramazzini_library5_part1.pdf
https://www.icems.eu/papers/ramazzini_library5_part1.pdf
https://www.icems.eu/papers/ramazzini_library5_part1.pdf
https://www.spandidos-publications.com/10.3892/ijo.2018.4606
https://www.spandidos-publications.com/10.3892/ijo.2018.4606
https://www.spandidos-publications.com/10.3892/ijo.2018.4606
https://www.spandidos-publications.com/10.3892/ijo.2018.4606
https://doi.org/10.1515/reveh-2013-0006
https://doi.org/10.1515/reveh-2013-0006
https://doi.org/10.1515/reveh-2013-0006
https://doi.org/10.1016/j.pathophys.2014.10.001
https://doi.org/10.1016/j.pathophys.2014.10.001
https://doi.org/10.1016/j.pathophys.2014.10.001
https://doi.org/10.3892/ijo.2018.4606
https://doi.org/10.3892/ijo.2018.4606
https://doi.org/10.3892/ijo.2018.4606
https://doi.org/10.3892/ijo.2018.4606
https://doi.org/10.3892/ijo.2018.4606


Hardell, L. (2017). World Health Organization, radiofrequency radiation and health—A hard nut
to crack (Review). International Journal of Oncology, 51(2), 405–413.

IARC Working Group on the Evaluation of Carcinogenic Risks to Humans. (2013). Non-ionizing
radiation, Part 2: Radiofrequency electromagnetic fields. IARC Monographs on the Evaluation of
Carcinogenic Risks to Humans, 102(Pt 2), 1–460.

Lerchl, A., Klose, M., Grote, K., Wilhelm, A. F. X., Spathmann, O., Fiedler, T., Streckert, J.,
Hansen, V., & Clemens, M. (2015). Tumor promotion by exposure to radiofrequency
electromagnetic fields below exposure limits for humans. Biochemical and Biophysical Research
Communications, 459(4), 585–590.

James C. Lin. (2022) Carcinogenesis from chronic exposure to radio-frequency radiation. Front.
Public Health, Sec. Radiation and Health. 31 October

Luo, J., Li, H., Deziel, N. C., Huang, H., Zhao, N., Ma, S., Ni, X., Udelsman, R., & Zhang, Y.
(2020). Genetic susceptibility may modify the association between cell phone use and thyroid
cancer: A population-based case-control study in Connecticut. Environmental Research, 182,
109013.

Markovà, E., Malmgren, L. O. G., & Belyaev, I. Y. (2010). Microwaves from Mobile Phones
Inhibit 53BP1 Focus Formation in Human Stem Cells More Strongly Than in Differentiated Cells:
Possible Mechanistic Link to Cancer Risk. Environmental Health Perspectives, 118(3), 394–399.

Melnick, R. L. (2019). Commentary on the utility of the National Toxicology Program study on
cell phone radiofrequency radiation data for assessing human health risks despite unfounded
criticisms aimed at minimizing the findings of adverse health effects. Environmental Research,
168, 1–6.

Mialon, H. M., & Nesson, E. T. (2020). The Association Between Mobile Phones and the Risk of
Brain Cancer Mortality: A 25-Year Cross-Country Analysis. Contemporary Economic Policy,
38(2), 258–269.

Miller, A. B., Morgan, L. L., Udasin, I., & Davis, D. L. (2018). Cancer epidemiology update,
following the 2011 IARC evaluation of radiofrequency electromagnetic fields (Monograph 102).
Environmental Research, 167, 673–683.

Pareja-Peña, F., Burgos-Molina, A. M., Sendra-Portero, F., & Ruiz-Gómez, M. J. (2022).
Evidences of the (400 MHz – 3 GHz) radiofrequency electromagnetic field influence on brain
tumor induction. International Journal of Environmental Health Research, 32(1), 121–130.

Prasad, M., Kathuria, P., Nair, P., Kumar, A., & Prasad, K. (2017). Mobile phone use and risk of
brain tumours: A systematic review of association between study quality, source of funding, and
research outcomes. Neurological Sciences: Official Journal of the Italian Neurological Society
and of the Italian Society of Clinical Neurophysiology, 38(5), 797–810.

Peleg, M., Nativ, O., & Richter, E. D. (2018). Radio frequency radiation-related cancer:
Assessing causation in the occupational/military setting. Environmental Research, 163,
123–133.

https://doi.org/10.3892/ijo.2017.4046
https://doi.org/10.3892/ijo.2017.4046
https://doi.org/10.3892/ijo.2017.4046
http://monographs.iarc.fr/ENG/Monographs/vol102/index.php
http://monographs.iarc.fr/ENG/Monographs/vol102/index.php
https://doi.org/10.1016/j.bbrc.2015.02.151
https://doi.org/10.1016/j.bbrc.2015.02.151
https://doi.org/10.1016/j.bbrc.2015.02.151
https://www.frontiersin.org/articles/10.3389/fpubh.2022.1042478/full
https://doi.org/10.1016/j.envres.2019.109013
https://doi.org/10.1016/j.envres.2019.109013
https://doi.org/10.1016/j.envres.2019.109013
https://doi.org/10.1289/ehp.0900781
https://doi.org/10.1289/ehp.0900781
https://doi.org/10.1289/ehp.0900781
https://doi.org/10.1289/ehp.0900781
https://doi.org/10.1016/j.envres.2018.09.010
https://doi.org/10.1016/j.envres.2018.09.010
https://doi.org/10.1016/j.envres.2018.09.010
https://onlinelibrary.wiley.com/doi/10.1111/coep.12456
https://onlinelibrary.wiley.com/doi/10.1111/coep.12456
https://doi.org/10.1111/coep.12456
https://doi.org/10.1016/j.envres.2018.06.043
https://doi.org/10.1016/j.envres.2018.06.043
https://doi.org/10.1016/j.envres.2018.06.043
https://doi.org/10.1080/09603123.2020.1738352
https://doi.org/10.1080/09603123.2020.1738352
https://doi.org/10.1080/09603123.2020.1738352
https://doi.org/10.1007/s10072-017-2850-8
https://doi.org/10.1007/s10072-017-2850-8
https://doi.org/10.1007/s10072-017-2850-8
https://doi.org/10.1007/s10072-017-2850-8
https://doi.org/10.1016/j.envres.2018.01.003
https://doi.org/10.1016/j.envres.2018.01.003
https://doi.org/10.1016/j.envres.2018.01.003


Peleg M, Berry EM, Deitch M, Nativ O, Richter E.(2022) On radar and radio exposure and
cancer in the military setting. Environ Res. 2022 Oct 21:114610

Seze, R. de, Poutriquet, C., Gamez, C., Maillot-Maréchal, E., Robidel, F., Lecomte, A., & Fonta,
C. (2020). Repeated exposure to nanosecond high power pulsed microwaves increases cancer
incidence in rat. PLOS ONE, 15(4), e0226858.

Shih, Y.-W., Hung, C.-S., Huang, C.-C., Chou, K.-R., Niu, S.-F., Chan, S., & Tsai, H.-T. (2020).
The Association Between Smartphone Use and Breast Cancer Risk Among Taiwanese Women:
A Case-Control Study. Cancer Management and Research, 12, 10799–10807.

Soffritti, M., & Giuliani, L. (2019). The carcinogenic potential of non-ionizing radiations: The
cases of S-50 Hz MF and 1.8 GHz GSM radiofrequency radiation. Basic & Clinical
Pharmacology & Toxicology, 125 Suppl 3, 58–69.

Vienne-Jumeau, A., Tafani, C., & Ricard, D. (2019). Environmental risk factors of primary brain
tumors: A review. Revue Neurologique, 175(10), 664–678.

West, J. G., Kapoor, N. S., Liao, S.-Y., Chen, J. W., Bailey, L., & Nagourney, R. A. (2013).
Multifocal Breast Cancer in Young Women with Prolonged Contact between Their Breasts and
Their Cellular Phones. Case Reports in Medicine, 2013, e354682.

Yang, M., Guo, W., Yang, C., Tang, J., Huang, Q., Feng, S., Jiang, A., Xu, X., & Jiang, G.
(2017). Mobile phone use and glioma risk: A systematic review and meta-analysis. PLOS ONE,
12(5), e0175136.

Zhang Y, Zhang Y, Ye Z, Yang S, Liu M, Wu Q, Zhou C, He P, Gan X, Qin X. Mobile phone
use and risks of overall and 25 site-specific cancers: a prospective study from the UK
Biobank Study. Cancer Epidemiol Biomarkers Prev. 2023 Oct 23.

DNA Damage and Genotoxicity
Panagopoulos D. J. (2019). Chromosome damage in human cells induced by UMTS mobile
telephony radiation. General physiology and biophysics, 38(5), 445–454.

Blank, M. (2008). Protein and DNA reactions stimulated by electromagnetic fields.
Electromagnetic Biology and Medicine, 27(1), 3–23.

Blank, M., & Goodman, R. (2011). DNA is a fractal antenna in electromagnetic fields.
International Journal of Radiation Biology, 87(4), 409–415.

Blank, M., & Goodman, R. M. (2012). Electromagnetic fields and health: DNA-based dosimetry.
Electromagnetic Biology and Medicine, 31(4), 243–249.

Brooks AM, Vornoli A, Kovi RC, Ton TVT, Xu M, Mashal A, Tibaldi E, Gnudi F, Li JL, Sills RC,
Bucher JR, Mandrioli D, Belpoggi F, Pandiri AR. Genetic profiling of rat gliomas and cardiac

https://www.sciencedirect.com/science/article/abs/pii/S0013935122019375?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0013935122019375?via%3Dihub
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0226858
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0226858
https://doi.org/10.1371/journal.pone.0226858
https://doi.org/10.2147/CMAR.S267415
https://doi.org/10.2147/CMAR.S267415
https://doi.org/10.2147/CMAR.S267415
https://doi.org/10.1111/bcpt.13215
https://doi.org/10.1111/bcpt.13215
https://doi.org/10.1111/bcpt.13215
https://doi.org/10.1016/j.neurol.2019.08.004
https://doi.org/10.1016/j.neurol.2019.08.004
https://doi.org/10.1016/j.neurol.2019.08.004
https://doi.org/10.1155/2013/354682
https://doi.org/10.1155/2013/354682
https://doi.org/10.1155/2013/354682
https://doi.org/10.1371/journal.pone.0175136
https://aacrjournals.org/cebp/article-abstract/doi/10.1158/1055-9965.EPI-23-0766/730114/Mobile-Phone-Use-and-Risks-of-Overall-and-25-Site?redirectedFrom=fulltext
https://aacrjournals.org/cebp/article-abstract/doi/10.1158/1055-9965.EPI-23-0766/730114/Mobile-Phone-Use-and-Risks-of-Overall-and-25-Site?redirectedFrom=fulltext
https://aacrjournals.org/cebp/article-abstract/doi/10.1158/1055-9965.EPI-23-0766/730114/Mobile-Phone-Use-and-Risks-of-Overall-and-25-Site?redirectedFrom=fulltext
https://doi.org/10.1371/journal.pone.0175136
https://pubmed.ncbi.nlm.nih.gov/31516130/
https://pubmed.ncbi.nlm.nih.gov/31516130/
https://doi.org/10.1080/15368370701878820
https://doi.org/10.1080/15368370701878820
https://doi.org/10.3109/09553002.2011.538130
https://doi.org/10.3109/09553002.2011.538130
https://doi.org/10.3109/15368378.2011.624662
https://doi.org/10.3109/15368378.2011.624662
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0296699


schwannomas from life-time radiofrequency radiation exposure study using a targeted
next-generation sequencing gene panel. PLoS One. 2024 Jan 17;19(1)

Cantu, J. C., Butterworth, J. W., Peralta, X. G., Payne, J. A., & Echchgadda, I. (2023). Analysis
of global DNA methylation changes in human keratinocytes immediately following exposure to a
900 MHz radiofrequency field. Bioelectromagnetics, 44(3–4), 77–89.

Diem, E., Schwarz, C., Adlkofer, F., Jahn, O., & Rüdiger, H. (2005). Non-thermal DNA breakage
by mobile-phone radiation (1800 MHz) in human fibroblasts and in transformed GFSH-R17 rat
granulosa cells in vitro. Mutation Research, 583(2), 178–183.

Kaur P, Rai U, Singh R. Genotoxic Risks to Male Reproductive Health from Radiofrequency
Radiation. Cells. 2023; 12(4):594.

Lai, H. (2021). Genetic effects of non-ionizing electromagnetic fields. Electromagnetic Biology
and Medicine, 40(2), 264–273.

Lai, H., & Singh, N. P. (1995). Acute low-intensity microwave exposure increases DNA
single-strand breaks in rat brain cells. Bioelectromagnetics, 16(3), 207–210.

Lai, H., & Singh, N. P. (1996). Single- and double-strand DNA breaks in rat brain cells after
acute exposure to radiofrequency electromagnetic radiation. International Journal of Radiation
Biology, 69(4), 513–521.

López-Díaz, B., Mercado-Sáenz, S., Burgos-Molina, A. M., González-Vidal, A., Sendra-Portero,
F., & Ruiz-Gómez, M. J. (2022). Genomic DNA damage induced by co-exposure to DNA
damaging agents and pulsed magnetic field. International Journal of Radiation Biology, 1–13.

Megha, K., Deshmukh, P. S., Banerjee, B. D., Tripathi, A. K., Ahmed, R., & Abegaonkar, M. P.
(2015). Low intensity microwave radiation induced oxidative stress, inflammatory response and
DNA damage in rat brain. Neurotoxicology, 51, 158–165.

Panagopoulos, D. J., Karabarbounis, A., Yakymenko, I., & Chrousos, G. P. (2021).
Human‑made electromagnetic fields: Ion forced‑oscillation and voltage‑gated ion channel
dysfunction, oxidative stress and DNA damage (Review). International Journal of Oncology,
59(5), 1–16.

Phillips, J. L., Singh, N. P., & Lai, H. (2009). Electromagnetic fields and DNA damage.
Pathophysiology: The Official Journal of the International Society for Pathophysiology, 16(2–3),
79–88.

Ruediger, H. W. (2009). Genotoxic effects of radiofrequency electromagnetic fields.
Pathophysiology: The Official Journal of the International Society for Pathophysiology, 16(2–3),
89–102.

Smith-Roe, S. L., Wyde, M. E., Stout, M. D., Winters, J. W., Hobbs, C. A., Shepard, K. G.,
Green, A. S., Kissling, G. E., Shockley, K. R., Tice, R. R., Bucher, J. R., & Witt, K. L. (2020).
Evaluation of the genotoxicity of cell phone radiofrequency radiation in male and female rats

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0296699
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0296699
https://onlinelibrary.wiley.com/doi/abs/10.1002/bem.22439
https://onlinelibrary.wiley.com/doi/abs/10.1002/bem.22439
https://onlinelibrary.wiley.com/doi/abs/10.1002/bem.22439
https://doi.org/10.1002/bem.22439
https://doi.org/10.1016/j.mrgentox.2005.03.006
https://doi.org/10.1016/j.mrgentox.2005.03.006
https://doi.org/10.1016/j.mrgentox.2005.03.006
https://doi.org/10.1016/j.mrgentox.2005.03.006
https://doi.org/10.3390/cells12040594
https://doi.org/10.3390/cells12040594
https://doi.org/10.1080/15368378.2021.1881866
https://doi.org/10.1080/15368378.2021.1881866
https://doi.org/10.1002/bem.2250160309
https://doi.org/10.1002/bem.2250160309
https://doi.org/10.1002/bem.2250160309
https://doi.org/10.1080/095530096145814
https://doi.org/10.1080/095530096145814
https://doi.org/10.1080/09553002.2022.2121873
https://doi.org/10.1080/09553002.2022.2121873
https://doi.org/10.1080/09553002.2022.2121873
https://doi.org/10.1016/j.neuro.2015.10.009
https://doi.org/10.1016/j.neuro.2015.10.009
https://doi.org/10.1016/j.neuro.2015.10.009
https://doi.org/10.3892/ijo.2021.5272
https://doi.org/10.3892/ijo.2021.5272
https://doi.org/10.3892/ijo.2021.5272
https://doi.org/10.1016/j.pathophys.2008.11.005
https://doi.org/10.1016/j.pathophys.2008.11.004
https://doi.org/10.1016/j.pathophys.2008.11.004
https://doi.org/10.1002/em.22343


and mice following subchronic exposure. Environmental and Molecular Mutagenesis, 61(2),
276–290.

Weller, S., Leach, V., & May, M. (2023). Genotoxic Potential of Radiofrequency Exposures.

Cancer and Powerline Magnetic Extremely Low Frequency Fields
Henshaw, D. L. (2002). Does our electricity distribution system pose a serious risk to public
health?. Medical Hypotheses, 59(1), 39-51.

Sun, J. W., Li, X. R., Gao, H. Y., Yin, J. Y., Qin, Q., Nie, S. F., & Wei, S. (2013). Electromagnetic
field exposure and male breast cancer risk: a meta-analysis of 18 studies. Asian Pacific journal
of cancer prevention : APJCP, 14(1), 523–528.

Brabant, C., Geerinck, A., Beaudart, C., Tirelli, E., Geuzaine, C., & Bruyère, O. (2022).
Exposure to magnetic fields and childhood leukemia: A systematic review and meta-analysis of
case-control and cohort studies. Reviews on Environmental Health.

Carles, C., Esquirol, Y., Turuban, M., Piel, C., Migault, L., Pouchieu, C., Bouvier, G.,
Fabbro-Peray, P., Lebailly, P., & Baldi, I. (2020). Residential proximity to power lines and risk of
brain tumor in the general population. Environmental Research, 185, 109473.

Carpenter, D. O. (2013). Human disease resulting from exposure to electromagnetic fields.
Reviews on Environmental Health, 28(4), 159–172.

Carpenter, D. O. (2019). Extremely low frequency electromagnetic fields and cancer: How
source of funding affects results. Environmental Research, 178, 108688.

Erdem, O., Akay, C., Cevher, S. C., Canseven, A. G., Aydın, A., & Seyhan, N. (2018). Effects of
Intermittent and Continuous Magnetic Fields on Trace Element Levels in Guinea Pigs. Biological
Trace Element Research, 181(2), 265–271.

IARC. (n.d.). Non-ionizing Radiation, Part 1: Static and Extremely Low-frequency (ELF) Electric
and Magnetic Fields. Retrieved September 21, 2022, from
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Monographs-On-The-Identification-Of-C
arcinogenic-Hazards-To-Humans/Non-ionizing-Radiation-Part-1-Static-And-Extremely-Low-frequ
ency-ELF-Electric-And-Magnetic-Fields-2002

Karimi, A., Ghadiri Moghaddam, F., & Valipour, M. (2020). Insights in the biology of extremely
low-frequency magnetic fields exposure on human health. Molecular Biology Reports, 47(7),
5621–5633.

Khan, M. W., Juutilainen, J., Naarala, J., & Roivainen, P. (2022). Residential extremely low
frequency magnetic fields and skin cancer. Occupational and Environmental Medicine, 79(1),
49–54.

Koeman, T., van den Brandt, P. A., Slottje, P., Schouten, L. J., Goldbohm, R. A., Kromhout, H., &
Vermeulen, R. (2014). Occupational extremely low-frequency magnetic field exposure and

https://doi.org/10.1002/em.22343
https://www.researchgate.net/publication/369452089_Genotoxic_Potential_of_Radiofrequency_Exposures
https://www.sciencedirect.com/science/article/abs/pii/S0306987702001913
https://www.sciencedirect.com/science/article/abs/pii/S0306987702001913
https://pubmed.ncbi.nlm.nih.gov/23534787/
https://pubmed.ncbi.nlm.nih.gov/23534787/
https://doi.org/10.1515/reveh-2021-0112
https://doi.org/10.1515/reveh-2021-0112
https://doi.org/10.1515/reveh-2021-0112
https://doi.org/10.1016/j.envres.2020.109473
https://doi.org/10.1016/j.envres.2020.109473
https://doi.org/10.1016/j.envres.2020.109473
https://doi.org/10.1515/reveh-2013-0016
https://doi.org/10.1515/reveh-2013-0016
https://doi.org/10.1016/j.envres.2019.108688
https://doi.org/10.1016/j.envres.2019.108688
https://doi.org/10.1007/s12011-017-1053-8
https://doi.org/10.1007/s12011-017-1053-8
https://doi.org/10.1007/s12011-017-1053-8
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Monographs-On-The-Identification-Of-Carcinogenic-Hazards-To-Humans/Non-ionizing-Radiation-Part-1-Static-And-Extremely-Low-frequency-ELF-Electric-And-Magnetic-Fields-2002
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Monographs-On-The-Identification-Of-Carcinogenic-Hazards-To-Humans/Non-ionizing-Radiation-Part-1-Static-And-Extremely-Low-frequency-ELF-Electric-And-Magnetic-Fields-2002
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Monographs-On-The-Identification-Of-Carcinogenic-Hazards-To-Humans/Non-ionizing-Radiation-Part-1-Static-And-Extremely-Low-frequency-ELF-Electric-And-Magnetic-Fields-2002
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Monographs-On-The-Identification-Of-Carcinogenic-Hazards-To-Humans/Non-ionizing-Radiation-Part-1-Static-And-Extremely-Low-frequency-ELF-Electric-And-Magnetic-Fields-2002
https://doi.org/10.1007/s11033-020-05563-8
https://doi.org/10.1007/s11033-020-05563-8
https://doi.org/10.1136/oemed-2021-107776
https://doi.org/10.1136/oemed-2021-107776
https://doi.org/10.1007/s10552-013-0322-x


selected cancer outcomes in a prospective Dutch cohort. Cancer Causes & Control: CCC,
25(2), 203–214.

Martínez, M. A., Úbeda, A., Martínez-Botas, J., & Trillo, M. Á. (2022). Field exposure to 50 Hz
significantly affects wild‑type and unfolded p53 expression in NB69 neuroblastoma cells.
Oncology Letters, 24(3), 1–9.

Malagoli C, Malavolti M, Wise LA, Balboni E, Fabbi S, Teggi S, Palazzi G, Cellini M, Poli M,
Zanichelli P, Notari B, Cherubini A, Vinceti M, Filippini T. Residential exposure to
magnetic fields from high-voltage power lines and risk of childhood leukemia. Environ
Res. 2023 Sep 1;232

Malavolti M, Malagoli C, Wise LA, Poli M, Notari B, Taddei I, Fabbi S, Teggi S, Balboni E,
Pancaldi A, Palazzi G, Vinceti M, Filippini T. Residential exposure to magnetic fields from
transformer stations and risk of childhood leukemia. Environ Res. 2023 Dec 23:118043.

Seomun, G., Lee, J., & Park, J. (2021). Exposure to extremely low-frequency magnetic fields
and childhood cancer: A systematic review and meta-analysis. PLOS ONE, 16(5), e0251628.

Sun, J., Tong, Y., Jia, Y., Jia, X., Wang, H., Chen, Y., Wu, J., Jin, W., Ma, Z., Cao, K., Li, X.,
Chen, Z., & Yang, G. (2023). Effects of extremely low frequency electromagnetic fields on the
tumor cell inhibition and the possible mechanism. Scientific Reports, 13(1), Article 1.

Breast Cancer

Shih, Y. W., Hung, C. S., Huang, C. C., Chou, K. R., Niu, S. F., Chan, S., & Tsai, H. T. (2020).
The Association Between Smartphone Use and Breast Cancer Risk Among Taiwanese Women:
A Case-Control Study. Cancer management and research, 12, 10799–10807.

West, J. G., Kapoor, N. S., Liao, S. Y., Chen, J. W., Bailey, L., & Nagourney, R. A. (2013).
Multifocal Breast Cancer in Young Women with Prolonged Contact between Their Breasts and
Their Cellular Phones. Case reports in medicine, 2013, 354682.

Sun, J. W., Li, X. R., Gao, H. Y., Yin, J. Y., Qin, Q., Nie, S. F., & Wei, S. (2013). Electromagnetic
field exposure and male breast cancer risk: a meta-analysis of 18 studies. Asian Pacific journal
of cancer prevention : APJCP, 14(1), 523–528.

Çiğ, B., & Nazıroğlu, M. (2015). Investigation of the effects of distance from sources on
apoptosis, oxidative stress and cytosolic calcium accumulation via TRPV1 channels induced by
mobile phones and Wi-Fi in breast cancer cells. Biochimica et biophysica acta, 1848(10 Pt B),
2756–2765.

Rodrigues, N. C. P., Dode, A. C., de Noronha Andrade, M. K., O’Dwyer, G., Monteiro, D. L. M.,
Reis, I. N. C., Rodrigues, R. P., Frossard, V. C., & Lino, V. T. S. (2021). The Effect of Continuous

https://doi.org/10.1007/s10552-013-0322-x
https://www.spandidos-publications.com/10.3892/ol.2022.13415
https://www.spandidos-publications.com/10.3892/ol.2022.13415
https://www.sciencedirect.com/science/article/pii/S0013935123011246?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0013935123011246?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0013935123028475?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0013935123028475?via%3Dihub
https://doi.org/10.1371/journal.pone.0251628
https://doi.org/10.1371/journal.pone.0251628
https://doi.org/10.1371/journal.pone.0251628
https://www.nature.com/articles/s41598-023-34144-5
https://www.nature.com/articles/s41598-023-34144-5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7605549/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7605549/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3789302/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3789302/
https://pubmed.ncbi.nlm.nih.gov/23534787/
https://pubmed.ncbi.nlm.nih.gov/23534787/
https://pubmed.ncbi.nlm.nih.gov/25703814/
https://pubmed.ncbi.nlm.nih.gov/25703814/
https://pubmed.ncbi.nlm.nih.gov/25703814/
https://doi.org/10.3390/ijerph18031229


Low-Intensity Exposure to Electromagnetic Fields from Radio Base Stations to Cancer Mortality
in Brazil. International Journal of Environmental Research and Public Health, 18(3), 1229.

Minoretti P, Lahmar A, Emanuele E. Where is your smartphone? An unusual mass within the
tensor fasciae latae muscle. Radiol Case Rep. 2023 Aug 31;18(11):3984-3987.

Tumor Promotion and Synergistic Effects

Ansarihadipour, H., & Bayatiani, M. (2016). Influence of Electromagnetic Fields on Lead Toxicity:
A Study of Conformational Changes in Human Blood Proteins. Iranian Red Crescent Medical
Journal, 18(7), e28050.

Baohong, W., Jiliang, H., Lifen, J., Deqiang, L., Wei, Z., Jianlin, L., & Hongping, D. (2005).
Studying the synergistic damage effects induced by 1.8 GHz radiofrequency field radiation
(RFR) with four chemical mutagens on human lymphocyte DNA using comet assay in vitro.
Mutation Research, 578(1–2), 149–157.

Benavides, R. A. S., Leiro-Vidal, J. M., Rodriguez-Gonzalez, J. A., Ares-Pena, F. J., &
López-Martín, E. (2023). The HL-60 human promyelocytic cell line constitutes an effective in
vitro model for evaluating toxicity, oxidative stress and necrosis/apoptosis after exposure to
black carbon particles and 2.45 GHz radio frequency. The Science of the Total Environment,
867, 161475.

Boga, A., Emre, M., Sertdemir, Y., Akillioglu, K., Binokay, S., & Demirhan, O. (2015). The effect
of 900 and 1800 MHz GSM-like radiofrequency irradiation and nicotine sulfate administration on
the embryonic development of Xenopus laevis. Ecotoxicology and Environmental Safety, 113,
378–390.

Byun, Y.-H., Ha, M., Kwon, H.-J., Hong, Y.-C., Leem, J.-H., Sakong, J., Kim, S. Y., Lee, C. G.,
Kang, D., Choi, H.-D., & Kim, N. (2013). Mobile Phone Use, Blood Lead Levels, and Attention
Deficit Hyperactivity Symptoms in Children: A Longitudinal Study. PLOS ONE, 8(3), e59742.

Cao, Y., Zhang, W., Lu, M.-X., Xu, Q., Meng, Q.-Q., Nie, J.-H., & Tong, J. (2009). 900-MHz
microwave radiation enhances gamma-ray adverse effects on SHG44 cells. Journal of
Toxicology and Environmental Health. Part A, 72(11–12), 727–732.

Chen, L., Ye, A., Liu, X., Lu, J., Xie, Q., Guo, Y., & Sun, W. (2021). Combined effect of
co-exposure to di (2-ethylhexyl) phthalates and 50-Hz magnetic-fields on promoting human
amniotic cells proliferation. Ecotoxicology and Environmental Safety, 224, 112704.

Choi, K.-H., Ha, M., Ha, E.-H., Park, H., Kim, Y., Hong, Y.-C., Lee, A.-K., Hwa Kwon, J., Choi,
H.-D., Kim, N., Kim, S., & Park, C. (2017). Neurodevelopment for the first three years following
prenatal mobile phone use, radio frequency radiation and lead exposure. Environmental
Research, 156, 810–817.

https://doi.org/10.3390/ijerph18031229
https://doi.org/10.3390/ijerph18031229
https://www.sciencedirect.com/science/article/pii/S1930043323005927?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1930043323005927?via%3Dihub
https://doi.org/10.5812/ircmj.28050
https://doi.org/10.5812/ircmj.28050
https://doi.org/10.5812/ircmj.28050
https://doi.org/10.1016/j.mrfmmm.2005.05.001
https://doi.org/10.1016/j.mrfmmm.2005.05.001
https://pubmed.ncbi.nlm.nih.gov/36632900/
https://pubmed.ncbi.nlm.nih.gov/36632900/
https://pubmed.ncbi.nlm.nih.gov/36632900/
https://doi.org/10.1016/j.scitotenv.2023.161475
https://doi.org/10.1016/j.ecoenv.2014.12.020
https://doi.org/10.1016/j.ecoenv.2014.12.020
https://doi.org/10.1016/j.ecoenv.2014.12.020
https://doi.org/10.1371/journal.pone.0059742
https://doi.org/10.1371/journal.pone.0059742
https://doi.org/10.1371/journal.pone.0059742
https://doi.org/10.1080/15287390902841466
https://doi.org/10.1080/15287390902841466
https://doi.org/10.1080/15287390902841466
https://doi.org/10.1016/j.ecoenv.2021.112704
https://doi.org/10.1016/j.ecoenv.2021.112704
https://doi.org/10.1016/j.ecoenv.2021.112704
https://doi.org/10.1016/j.ecoenv.2021.112704
https://doi.org/10.1016/j.envres.2017.04.029
https://doi.org/10.1016/j.envres.2017.04.029
https://doi.org/10.1016/j.envres.2017.04.029


Jooyan N, Mortazavi SMJ, Goliaei B, Faraji-Dana R. Indirect effects of interference of
two emerging environmental contaminants on cell health: Radiofrequency radiation and
gold nanoparticles. Chemosphere. 2023 Dec 11:140942.

Kostoff, R.N., Lau, C.G.Y. (2017). Modified Health Effects of Non-ionizing
Electromagnetic Radiation Combined with Other Agents Reported in the Biomedical
Literature. In: Geddes, C. (eds) Microwave Effects on DNA and Proteins. Springer,
Cham. https://doi.org/10.1007/978-3-319-50289-2_4

Kostoff RN, Goumenou M, Tsatsakis A. The role of toxic stimuli combinations in
determining safe exposure limits. Toxicol Rep. 2018 Nov 7;5:1169-1172. doi:
10.1016/j.toxrep.2018.10.010. PMID: 30627517; PMCID: PMC6320263.

Lerchl, A., Klose, M., Grote, K., Wilhelm, A. F. X., Spathmann, O., Fiedler, T., Streckert, J.,
Hansen, V., & Clemens, M. (2015). Tumor promotion by exposure to radiofrequency
electromagnetic fields below exposure limits for humans. Biochemical and Biophysical Research
Communications, 459(4), 585–590.

López-Álvarez C, López-Martín ME, Rodríguez-González JA, Ares-Pena FJ. A Review on
the Effects of Thermal Inversions and Electromagnetic Fields on Cell Cultures and
Wireless Communications. Sensors (Basel). 2023 Dec 2;23(23):9567.

Moretti, M., Villarini, M., Simonucci, S., Fatigoni, C., Scassellati-Sforzolini, G., Monarca, S.,
Pasquini, R., Angelucci, M., & Strappini, M. (2005). Effects of co-exposure to extremely low
frequency (ELF) magnetic fields and benzene or benzene metabolites determined in vitro by the
alkaline comet assay. Toxicology Letters, 157(2), 119–128.

Adejoke Olukayode Obajuluwaa, James C. Lechb, Danlami Aminaa, Chidiogo Chukwunweike
Onwukac, Rahman Ayodele Bolarinwad, Tiwalola Madoc Obajuluwae, Adedamola Adediran
Fafuref, Tjaart P.J. Krügerg, Olakunke Bamikole Afolabih, Abel Anishc, Olusegun Emoruwai and
Malcolm Baker (2023) Single and combined neurotoxic, cytotoxic and genotoxic effects of 5GHz
MIMO waves and computed tomography irradiation in male Wistar rats, Egyptian Journal of
Basic and Applied Sciences, Volume 10, 2023 - Issue 1

Panagopoulos DJ. Mobile telephony radiation exerts genotoxic action and significantly enhances the effects of
gamma radiation in human cells. Gen Physiol Biophys. 2024 Mar;43(2):103-120. doi: 10.4149/gpb_2023036. Epub
2023 Dec 8. PMID: 38099580.

Soffritti, M., & Giuliani, L. (2019). The carcinogenic potential of non-ionizing radiations: The
cases of S-50 Hz MF and 1.8 GHz GSM radiofrequency radiation. Basic & Clinical
Pharmacology & Toxicology, 125 Suppl 3, 58–69.

Soffritti, M., Tibaldi, E., Padovani, M., Hoel, D. G., Giuliani, L., Bua, L., Lauriola, M., Falcioni, L.,
Manservigi, M., Manservisi, F., & Belpoggi, F. (2016). Synergism between sinusoidal-50 Hz

https://www.sciencedirect.com/science/article/abs/pii/S0045653523032125?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0045653523032125?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0045653523032125?via%3Dihub
https://link.springer.com/chapter/10.1007/978-3-319-50289-2_4
https://link.springer.com/chapter/10.1007/978-3-319-50289-2_4
https://link.springer.com/chapter/10.1007/978-3-319-50289-2_4
https://doi.org/10.1007/978-3-319-50289-2_4
https://www.sciencedirect.com/science/article/pii/S221475001830622X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S221475001830622X?via%3Dihub
https://doi.org/10.1016/j.bbrc.2015.02.151
https://doi.org/10.1016/j.bbrc.2015.02.151
https://www.mdpi.com/1424-8220/23/23/9567
https://www.mdpi.com/1424-8220/23/23/9567
https://www.mdpi.com/1424-8220/23/23/9567
https://doi.org/10.1016/j.toxlet.2005.01.009
https://doi.org/10.1016/j.toxlet.2005.01.009
https://doi.org/10.1016/j.toxlet.2005.01.009
https://doi.org/10.1016/j.toxlet.2005.01.009
https://www.tandfonline.com/doi/full/10.1080/2314808X.2023.2282243
https://www.tandfonline.com/doi/full/10.1080/2314808X.2023.2282243
https://www.tandfonline.com/toc/teba20/10/1
http://www.elis.sk/index.php?page=shop.product_details&flypage=flypage.tpl&product_id=8263&category_id=195&option=com_virtuemart&vmcchk=1&Itemid=1
http://www.elis.sk/index.php?page=shop.product_details&flypage=flypage.tpl&product_id=8263&category_id=195&option=com_virtuemart&vmcchk=1&Itemid=1
https://doi.org/10.1111/bcpt.13215
https://doi.org/10.1111/bcpt.13215
https://doi.org/10.1002/ajim.22598


magnetic field and formaldehyde in triggering carcinogenic effects in male Sprague–Dawley
rats. American Journal of Industrial Medicine, 59(7), 509–521.

Sueiro-Benavides, R. A., Leiro-Vidal, J. M., Salas-Sánchez, A. Á., Rodríguez-González, J. A.,
Ares-Pena, F. J., & López-Martín, M. E. (2021). Radiofrequency at 2.45 GHz increases toxicity,
pro-inflammatory and pre-apoptotic activity caused by black carbon in the RAW 264.7
macrophage cell line. Science of The Total Environment, 765, 142681.

Szilágyi, Z., Németh, Z., Bakos, J., Necz, P. P., Sáfár, A., Kubinyi, G., Selmaoui, B., & Thuróczy,
G. (2020). Evaluation of Inflammation by Cytokine Production Following Combined Exposure to
Ultraviolet and Radiofrequency Radiation of Mobile Phones on 3D Reconstructed Human Skin
In Vitro. International Journal of Environmental Research and Public Health, 17(12), Article 12.

Szudziński, A., Pietraszek, A., Janiak, M., Wrembel, J., Kałczak, M., & Szmigielski, S. (1982).
Acceleration of the development of benzopyrene-induced skin cancer in mice by microwave
radiation. Archives of Dermatological Research, 274(3–4), 303–312.

Turner, M. C., Benke, G., Bowman, J. D., Figuerola, J., Fleming, S., Hours, M., Kincl, L.,
Krewski, D., McLean, D., Parent, M.-E., Richardson, L., Sadetzki, S., Schlaefer, K., Schlehofer,
B., Schüz, J., Siemiatycki, J., van Tongeren, M., & Cardis, E. (2014). Occupational Exposure to
Extremely Low-Frequency Magnetic Fields and Brain Tumor Risks in the INTEROCC Study.
Cancer Epidemiology, Biomarkers & Prevention, 23(9), 1863–1872.

Tripathi R, Banerjee SK, Nirala JP, Mathur R. Exposure to Electromagnetic Fields from
Mobile Phones and Fructose consumption Coalesce to Perturb Metabolic Regulators
AMPK/SIRT1-UCP2/FOXO1 in Growing Rats. Biomed Environ Sci. 2023 Nov
20;36(11):1045-1058. doi: 10.3967/bes2023.134. PMID: 38098324.

Vila, J., Turner, M. C., Gracia-Lavedan, E., Figuerola, J., Bowman, J. D., Kincl, L., Richardson,
L., Benke, G., Hours, M., Krewski, D., McLean, D., Parent, M.-E., Sadetzki, S., Schlaefer, K.,
Schlehofer, B., Schüz, J., Siemiatycki, J., van Tongeren, M., Cardis, E., & INTEROCC Study
Group. (2018). Occupational exposure to high-frequency electromagnetic fields and brain tumor
risk in the INTEROCC study: An individualized assessment approach. Environment
International, 119, 353–365.

Wang, H., Liu, Y., Sun, Y., Zhao, L., Dong, J., Xu, X., Wang, H., Zhang, J., Yao, B., Zhao, X., Liu,
S., Zhang, K., & Peng, R. (2022). Changes in rat spatial learning and memory as well as serum
exosome proteins after simultaneous exposure to 1.5 GHz and 4.3 GHz microwaves.
Ecotoxicology and Environmental Safety, 243, 113983.

Zhang, F., Xu, C.-L., & Liu, C.-M. (2015). Drug delivery strategies to enhance the permeability of
the blood–brain barrier for treatment of glioma. Drug Design, Development and Therapy, 9,
2089–2100.

Zhao, L., Yao, C., Wang, H., Dong, J., Zhang, J., Xu, X., Wang, H., Yao, B., Ren, K., Sun, L., &
Peng, R. (2022). Immune Responses to Multi-Frequencies of 1.5 GHz and 4.3 GHz Microwave
Exposure in Rats: Transcriptomic and Proteomic Analysis. International Journal of Molecular
Sciences, 23(13), 6949.

https://doi.org/10.1002/ajim.22598
https://doi.org/10.1002/ajim.22598
https://doi.org/10.1002/ajim.22598
https://doi.org/10.1016/j.scitotenv.2020.142681
https://doi.org/10.1016/j.scitotenv.2020.142681
https://doi.org/10.1016/j.scitotenv.2020.142681
https://doi.org/10.1016/j.scitotenv.2020.142681
https://doi.org/10.3390/ijerph17124401
https://doi.org/10.3390/ijerph17124401
https://doi.org/10.3390/ijerph17124401
https://doi.org/10.3390/ijerph17124401
https://doi.org/10.1007/BF00403734
https://doi.org/10.1007/BF00403734
https://doi.org/10.1007/BF00403734
https://doi.org/10.1158/1055-9965.EPI-14-0102
https://doi.org/10.1158/1055-9965.EPI-14-0102
https://doi.org/10.1158/1055-9965.EPI-14-0102
https://www.besjournal.com/en/article/doi/10.3967/bes2023.134
https://www.besjournal.com/en/article/doi/10.3967/bes2023.134
https://www.besjournal.com/en/article/doi/10.3967/bes2023.134
https://doi.org/10.1016/j.envint.2018.06.038
https://doi.org/10.1016/j.envint.2018.06.038
https://doi.org/10.1016/j.envint.2018.06.038
https://doi.org/10.1016/j.ecoenv.2022.113983
https://doi.org/10.1016/j.ecoenv.2022.113983
https://doi.org/10.2147/DDDT.S79592
https://doi.org/10.2147/DDDT.S79592
https://doi.org/10.2147/DDDT.S79592
https://doi.org/10.3390/ijms23136949
https://doi.org/10.3390/ijms23136949


Zhu, R., Wang, H., Xu, X., Zhao, L., Zhang, J., Dong, J., Yao, B., Wang, H., Zhou, H., Gao, Y., &
Peng, R. (2021). Effects of 1.5 and 4.3 GHz microwave radiation on cognitive function and
hippocampal tissue structure in Wistar rats. Scientific Reports, 11(1), 10061.

Headaches
Wang, J., Su, H., Xie, W., & Yu, S. (2017). Mobile Phone Use and The Risk of Headache: A
Systematic Review and Meta-analysis of Cross-sectional Studies. Scientific reports, 7(1),
12595.

Chu, M. K., Song, H. G., Kim, C., & Lee, B. C. (2011). Clinical features of headache associated
with mobile phone use: a cross-sectional study in university students. BMC neurology, 11, 115.

Cho, Y. M., Lim, H. J., Jang, H., Kim, K., Choi, J. W., Shin, C., Lee, S. K., Kwon, J. H., & Kim, N.
(2016). A cross-sectional study of the association between mobile phone use and symptoms of
ill health. Environmental health and toxicology, 31, e2016022.

Redmayne, M., Smith, E., & Abramson, M. J. (2013). The relationship between adolescents'
well-being and their wireless phone use: a cross-sectional study. Environmental health: a global
access science source, 12, 90.

Butt, M., Chavarria, Y., Ninmol, J., Arif, A., Tebha, S. S., Daniyal, M., Siddiqui, U. M., Shams, S.
S., Sarfaraz, Q., Haider, S. F., & Essar, M. Y. (2022). Association of increased pain intensity,
daytime sleepiness, poor sleep quality, and quality of life with mobile phone overuse in patients
with migraine: A multicenter, cross-sectional comparative study. Brain and Behavior, e2760.

Chia, S. E., Chia, H. P., & Tan, J. S. (2000). Prevalence of headache among handheld cellular
telephone users in Singapore: A community study. Environmental Health Perspectives, 108(11),
1059–1062.

Chongchitpaisan, W., Wiwatanadate, P., Tanprawate, S., Narkpongphan, A., & Siripon, N.
(2021). Trigger of a migraine headache among Thai adolescents smartphone users: A time
series study. Environmental Analysis Health and Toxicology, 36(1).

Demir YP, Sumer MM. (2019). Effects of smartphone overuse on headache, sleep and quality
of life in migraine patients. Neurosciences (Riyadh). Apr;24(2):115-121

Durusoy, R., Hassoy, H., Özkurt, A., & Karababa, A. O. (2017). Mobile phone use, school
electromagnetic field levels and related symptoms: A cross-sectional survey among 2150 high
school students in Izmir. Environmental Health: A Global Access Science Source, 16(1), 51.

Farashi, S., Bashirian, S., Khazaei, S., Khazaei, M., & Farhadinasab, A. (2022). Mobile phone
electromagnetic radiation and the risk of headache: A systematic review and meta-analysis.
International Archives of Occupational and Environmental Health, 95(7), 1587–1601.

https://doi.org/10.1038/s41598-021-89348-4
https://doi.org/10.1038/s41598-021-89348-4
https://pubmed.ncbi.nlm.nih.gov/28974725/
https://pubmed.ncbi.nlm.nih.gov/28974725/
https://pubmed.ncbi.nlm.nih.gov/21943309/
https://pubmed.ncbi.nlm.nih.gov/21943309/
https://pubmed.ncbi.nlm.nih.gov/27788568/
https://pubmed.ncbi.nlm.nih.gov/27788568/
https://pubmed.ncbi.nlm.nih.gov/24148357/
https://pubmed.ncbi.nlm.nih.gov/24148357/
https://doi.org/10.1002/brb3.2760
https://doi.org/10.1002/brb3.2760
https://doi.org/10.1002/brb3.2760
https://doi.org/10.1002/brb3.2760
https://doi.org/10.1289/ehp.001081059
https://doi.org/10.1289/ehp.001081059
https://doi.org/10.5620/eaht.2021006
https://doi.org/10.5620/eaht.2021006
https://doi.org/10.5620/eaht.2021006
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8015465/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8015465/
https://doi.org/10.1186/s12940-017-0257-x
https://doi.org/10.1186/s12940-017-0257-x
https://doi.org/10.1186/s12940-017-0257-x
https://doi.org/10.1186/s12940-017-0257-x
https://doi.org/10.1007/s00420-022-01835-x
https://doi.org/10.1007/s00420-022-01835-x
https://doi.org/10.1007/s00420-022-01835-x


Sudan, M., Kheifets, L., Arah, O., Olsen, J., & Zeltzer, L. (2012). Prenatal and Postnatal Cell
Phone Exposures and Headaches in Children. The Open Pediatric Medicine Journal, 6(2012),
46–52.

Prenatal Exposures

Costantino, C., Mazzucco, W., Bonaccorso, N., Sciortino, M., Cimino, L., Pizzo, S., Conforto, A.,
Calò, I., Giliberti, D., Gambino, C. R., Segreto, D., Maiorana, A., Vitale, F., & Casuccio, A.
(2022). A cross-sectional study on smartphone uses among pregnant women attending
childbirth classes in the Metropolitan Area of Palermo, Italy: The Stop-Phone study. Annali Di
Igiene: Medicina Preventiva E Di Comunita.

Alchalabi, A. S. H., Aklilu, E., Aziz, A. R., Malek, F., Ronald, S. H., & Khan, M. A. (2016).
Different periods of intrauterine exposure to electromagnetic field: Influence on female rats’
fertility, prenatal and postnatal development. Asian Pacific Journal of Reproduction, 5(1), 14–23.

Aldad, T. S., Gan, G., Gao, X.-B., & Taylor, H. S. (2012). Fetal Radiofrequency Radiation
Exposure From 800-1900 Mhz-Rated Cellular Telephones Affects Neurodevelopment and
Behavior in Mice. Scientific Reports, 2(1), 312.

Bektas, H., Bektas, M. S., & Dasdag, S. (2018). Effects of mobile phone exposure on
biochemical parameters of cord blood: A preliminary study. Electromagnetic Biology and
Medicine, 37(4), 184–191.

Bektas, H., Bektas, M. S., & Dasdag, S. (2022). Effect of mobile phone usage duration during
pregnancy on the general motor movements of infants. Biotechnology & Biotechnological
Equipment, 36(1), 56–66.

Boileau, N., Margueritte, F., Gauthier, T., Boukeffa, N., Preux, P.-M., Labrunie, A., & Aubard, Y.
(2020). Mobile phone use during pregnancy: Which association with fetal growth? Journal of
Gynecology Obstetrics and Human Reproduction, 49(8), 101852.

Bozok S, Karaagac E, Sener D, Akakin D, Tumkaya L. (2022) The effects of long-term prenatal exposure
to 900, 1800, and 2100 MHz electromagnetic field radiation on myocardial tissue of rats. Toxicol Ind
Health.

Cabot, E., Christ, A., Bühlmann, B., Zefferer, M., Chavannes, N., Bakker, J. F., van Rhoon, G.
C., & Kuster, N. (2014). Quantification Of RF-exposure of the Fetus Using Anatomical
CAD-Models in Three Different Gestational Stages. Health Physics, 107(5), 369–381.

Holovská, K., Almášiová, V., Andrašková, S., Demčišáková, Z., Račeková, E., & Cigánková, V.
(2021). Effect of electromagnetic radiation on the liver structure and ultrastructure of in utero
irradiated rats. Acta Veterinaria Brno, 90(3), 315–319.

Li, D.-K., Chen, H., Ferber, J. R., Hirst, A. K., & Odouli, R. (2020). Association Between
Maternal Exposure to Magnetic Field Nonionizing Radiation During Pregnancy and Risk of
Attention-Deficit/Hyperactivity Disorder in Offspring in a Longitudinal Birth Cohort. JAMA
Network Open, 3(3), e201417.

https://doi.org/10.2174/1874309901206010046
https://doi.org/10.2174/1874309901206010046
https://doi.org/10.2174/1874309901206010046
https://doi.org/10.7416/ai.2022.2543
https://doi.org/10.7416/ai.2022.2543
https://doi.org/10.7416/ai.2022.2543
https://doi.org/10.1016/j.apjr.2015.12.003
https://doi.org/10.1016/j.apjr.2015.12.003
https://doi.org/10.1016/j.apjr.2015.12.003
https://doi.org/10.1038/srep00312
https://doi.org/10.1038/srep00312
https://doi.org/10.1038/srep00312
https://doi.org/10.1038/srep00312
https://doi.org/10.1080/15368378.2018.1499033
https://doi.org/10.1080/15368378.2018.1499033
https://doi.org/10.1080/15368378.2018.1499033
https://doi.org/10.1080/13102818.2022.2046505
https://doi.org/10.1080/13102818.2022.2046505
https://doi.org/10.1080/13102818.2022.2046505
https://doi.org/10.1016/j.jogoh.2020.101852
https://doi.org/10.1016/j.jogoh.2020.101852
https://pubmed.ncbi.nlm.nih.gov/36383165/
https://pubmed.ncbi.nlm.nih.gov/36383165/
https://doi.org/10.1097/HP.0000000000000129
https://doi.org/10.1097/HP.0000000000000129
https://doi.org/10.1097/HP.0000000000000129
https://doi.org/10.2754/avb202190030315
https://doi.org/10.2754/avb202190030315
https://doi.org/10.2754/avb202190030315
https://doi.org/10.1001/jamanetworkopen.2020.1417
https://doi.org/10.1001/jamanetworkopen.2020.1417
https://doi.org/10.1001/jamanetworkopen.2020.1417
https://doi.org/10.1001/jamanetworkopen.2020.1417


Li, D.-K., Chen, H., & Odouli, R. (2011). Maternal Exposure to Magnetic Fields During
Pregnancy in Relation to the Risk of Asthma in Offspring. Archives of Pediatrics & Adolescent
Medicine, 165(10), 945–950.

Lu, X., Oda, M., Ohba, T., Mitsubuchi, H., Masuda, S., & Katoh, T. (2017). Association of
excessive mobile phone use during pregnancy with birth weight: An adjunct study in Kumamoto
of Japan Environment and Children’s Study. Environmental Health and Preventive Medicine,
22(1), 52.

Karadayi A, Sarsmaz H, Çigel A, Engiz B, Ünal N, Ürkmez S, Gürgen S. Does Microwave
Exposure at Different Doses in the Pre/Postnatal Period Affect Growing Rat Bone
Development? Physiol Res. 2024 Mar 11;73(1):157-172. PMID: 38466013.

Stasinopoulou, M., Fragopoulou, A. F., Stamatakis, A., Mantziaras, G., Skouroliakou, K.,
Papassideri, I. S., Stylianopoulou, F., Lai, H., Kostomitsopoulos, N., & Margaritis, L. H. (2016).
Effects of pre- and postnatal exposure to 1880-1900MHz DECT base radiation on development
in the rat. Reproductive Toxicology (Elmsford, N.Y.), 65, 248–262.

Tomruk, A., Ozgur-Buyukatalay, E., Ozturk, G. G., & Ulusu, N. N. (2022). Short-term exposure to
radiofrequency radiation and metabolic enzymes’ activities during pregnancy and prenatal
development. Electromagnetic Biology and Medicine, 0(0), 1–9.

Ren Y, Chen J, Miao M, Li DK, Liang H, Wang Z, Yang F, Sun X, Yuan W. Prenatal exposure
to extremely low frequency magnetic field and its impact on fetal growth. Environ
Health. 2019 Jan 11;18(1):6. doi: 10.1186/s12940-019-0447-9

Zarei, S., Mortazavi, S. M. J., Mehdizadeh, A. R., Jalalipour, M., Borzou, S., Taeb, S., Haghani,
M., Mortazavi, S. A. R., Shojaei-fard, M. B., Nematollahi, S., Alighanbari, N., & Jarideh, S.
(2015). A Challenging Issue in the Etiology of Speech Problems: The Effect of Maternal
Exposure to Electromagnetic Fields on Speech Problems in the Offspring. Journal of Biomedical
Physics & Engineering, 5(3), 151–154.

Zhang, Y., Li, Z., Gao, Y., & Zhang, C. (2015). Effects of fetal microwave radiation exposure on
offspring behavior in mice. Journal of Radiation Research, 56(2), 261–268.

Zhao, D., Guo, L., Zhang, R., Zhu, Q., Wang, H., Liu, R., Yan, H., & Dang, S. (2021). Risk of
congenital heart disease due to exposure to common electrical appliances during early
pregnancy: A case-control study. Environmental Science and Pollution Research, 28(4),
4739–4748.

Electromagnetic Sensitivity
Belpomme D, Irigaray P. (2023). Combined Neurological Syndrome in Electrohypersensitivity
and Multiple Chemical Sensitivity: A Clinical Study of 2018 Cases. Journal of Clinical Medicine,
12(23), 7421.

https://doi.org/10.1001/archpediatrics.2011.135
https://doi.org/10.1001/archpediatrics.2011.135
https://doi.org/10.1001/archpediatrics.2011.135
https://doi.org/10.1186/s12199-017-0656-1
https://doi.org/10.1186/s12199-017-0656-1
https://doi.org/10.1186/s12199-017-0656-1
https://doi.org/10.1186/s12199-017-0656-1
https://www.biomed.cas.cz/physiolres/pdf/2024/73_157.pdf
https://www.biomed.cas.cz/physiolres/pdf/2024/73_157.pdf
https://www.biomed.cas.cz/physiolres/pdf/2024/73_157.pdf
https://doi.org/10.1016/j.reprotox.2016.08.008
https://doi.org/10.1016/j.reprotox.2016.08.008
https://doi.org/10.1016/j.reprotox.2016.08.008
https://doi.org/10.1080/15368378.2022.2104309
https://doi.org/10.1080/15368378.2022.2104309
https://doi.org/10.1080/15368378.2022.2104309
https://doi.org/10.1080/15368378.2022.2104309
https://ehjournal.biomedcentral.com/articles/10.1186/s12940-019-0447-9
https://ehjournal.biomedcentral.com/articles/10.1186/s12940-019-0447-9
https://doi.org/10.1093/jrr/rru097
https://doi.org/10.1093/jrr/rru097
https://doi.org/10.1093/jrr/rru097
https://doi.org/10.1007/s11356-020-10852-7
https://doi.org/10.1007/s11356-020-10852-7
https://doi.org/10.1007/s11356-020-10852-7
https://doi.org/10.1007/s11356-020-10852-7
https://www.mdpi.com/2077-0383/12/23/7421
https://www.mdpi.com/2077-0383/12/23/7421
https://www.sciencedirect.com/science/article/pii/S0149763423001963


Molot, J., Sears, M., & Anisman, H. (2023). Multiple chemical sensitivity: It's time to catch up to
the science. Neuroscience and biobehavioral reviews, 151, 105227.

Balmori, A. (2022). Evidence for a health risk by RF on humans living around mobile phone
base stations: From radiofrequency sickness to cancer. Environmental Research, 214, 113851.

Belpomme, D., Campagnac, C., & Irigaray, P. (2015). Reliable disease biomarkers
characterizing and identifying electrohypersensitivity and multiple chemical sensitivity as two
etiopathogenic aspects of a unique pathological disorder. Reviews on Environmental Health,
30(4), 251–271.

Belpomme, D., Carlo, G. L., Irigaray, P., Carpenter, D. O., Hardell, L., Kundi, M., Belyaev, I.,
Havas, M., Adlkofer, F., Heuser, G., Miller, A. B., Caccamo, D., De Luca, C., von Klitzing, L.,
Pall, M. L., Bandara, P., Stein, Y., Sage, C., Soffritti, M., … Vorst, A. V. (2021a). The Critical
Importance of Molecular Biomarkers and Imaging in the Study of Electrohypersensitivity. A
Scientific Consensus International Report. International Journal of Molecular Sciences, 22(14),
Article 14.

Belpomme, D., & Irigaray, P. (2022). Why electrohypersensitivity and related symptoms are
caused by non-ionizing man-made electromagnetic fields: An overview and medical
assessment. Environmental Research, 212(Pt A), 113374.

Belpomme, D., & Irigaray, P. (2020). Electrohypersensitivity as a Newly Identified and
Characterized Neurologic Pathological Disorder: How to Diagnose, Treat, and Prevent It.
International Journal of Molecular Sciences, 21(6), E1915.

Belyaev, I., Dean, A., Eger, H., Hubmann, G., Jandrisovits, R., Kern, M., Kundi, M., Moshammer,
H., Lercher, P., Müller, K., Oberfeld, G., Ohnsorge, P., Pelzmann, P., Scheingraber, C., & Thill, R.
(2016). EUROPAEM EMF Guideline 2016 for the prevention, diagnosis and treatment of
EMF-related health problems and illnesses. Reviews on Environmental Health, 31(3), 363–397.

Bevington, M. (2019). The Prevalence of People With Restricted Access to Work in Man-Made
Electromagnetic Environments. Journal of Environment and Health Science, 5, 1–12.

Bordarie, J., Dieudonné, M., Ledent, M., & Prignot, N. (n.d.). A qualitative approach to
experiential knowledge identified in focus groups aimed at co-designing a provocation test in the
study of electrohypersensitivity. Annals of Medicine, 54(1), 2363–2375.

De Luca, C., Chung Sheun Thai, J., Raskovic, D., Cesareo, E., Caccamo, D., Trukhanov, A., &
Korkina, L. (2014). Metabolic and Genetic Screening of Electromagnetic Hypersensitive
Subjects as a Feasible Tool for Diagnostics and Intervention. Mediators of Inflammation, 2014,
924184.

Dieudonné, M. (2020). Electromagnetic hypersensitivity: A critical review of explanatory
hypotheses. Environmental Health, 19(1), 48.

Dieudonné, M. (2019). Becoming electro-hypersensitive: A replication study.
Bioelectromagnetics, 40(3), 188–200.

https://www.sciencedirect.com/science/article/pii/S0149763423001963
https://www.sciencedirect.com/science/article/pii/S0149763423001963
https://doi.org/10.1016/j.envres.2022.113851
https://doi.org/10.1016/j.envres.2022.113851
https://doi.org/10.1016/j.envres.2022.113851
https://doi.org/10.1515/reveh-2015-0027
https://doi.org/10.1515/reveh-2015-0027
https://doi.org/10.1515/reveh-2015-0027
https://doi.org/10.1515/reveh-2015-0027
https://doi.org/10.3390/ijms22147321
https://doi.org/10.3390/ijms22147321
https://doi.org/10.3390/ijms22147321
https://doi.org/10.1016/j.envres.2022.113374
https://doi.org/10.1016/j.envres.2022.113374
https://doi.org/10.1016/j.envres.2022.113374
https://doi.org/10.1016/j.envres.2022.113374
https://doi.org/10.3390/ijms21061915
https://doi.org/10.3390/ijms21061915
https://doi.org/10.3390/ijms21061915
https://doi.org/10.1515/reveh-2016-0011
https://doi.org/10.1515/reveh-2016-0011
https://doi.org/10.1515/reveh-2016-0011
https://doi.org/10.15436/2378-6841.19.2402
https://doi.org/10.15436/2378-6841.19.2402
https://doi.org/10.15436/2378-6841.19.2402
https://doi.org/10.1080/07853890.2022.2114605
https://doi.org/10.1080/07853890.2022.2114605
https://doi.org/10.1080/07853890.2022.2114605
https://doi.org/10.1080/07853890.2022.2114605
https://doi.org/10.1155/2014/924184
https://doi.org/10.1155/2014/924184
https://doi.org/10.1186/s12940-020-00602-0
https://doi.org/10.1186/s12940-020-00602-0
https://doi.org/10.1002/bem.22180
https://doi.org/10.1002/bem.22180


Dieudonné, M. (2016). Does electromagnetic hypersensitivity originate from nocebo responses?
Indications from a qualitative study. Bioelectromagnetics, 37(1), 14–24.

Greco, F., Garnier, O., Macioce, V., & Picot, M. C. (2023). Prevalence of Migraine Disease in
Electrohypersensitive Patients. Journal of Clinical Medicine, 12(12), Article 12.

Hardell, L., & Nilsson, M. (2023). Case Report: The Microwave Syndrome after Installation of 5G
Emphasizes the Need for Protection from Radiofrequency Radiation. Annals of Case Reports.

Hardell, L., & Koppel, T. (2022). Electromagnetic hypersensitivity close to mobile phone base
stations – a case study in Stockholm, Sweden. Reviews on Environmental Health.

Hedendahl, L., Carlberg, M., & Hardell, L. (2015). Electromagnetic hypersensitivity—An
increasing challenge to the medical profession. Reviews on Environmental Health, 30(4),
209–215.

Heuser, G., & Heuser, S. A. (2017). Functional brain MRI in patients complaining of
electrohypersensitivity after long term exposure to electromagnetic fields. Reviews on
Environmental Health, 32(3), 291–299.

Leszczynski, D. (2022). The lack of international and national health policies to protect persons
with self-declared electromagnetic hypersensitivity. Reviews on Environmental Health.

McCarty, D. E., Carrubba, S., Chesson, A. L., Frilot, C., Gonzalez-Toledo, E., & Marino, A. A.
(2011). Electromagnetic hypersensitivity: Evidence for a novel neurological syndrome. The
International Journal of Neuroscience, 121(12), 670–676.

Redmayne M, Johansson O. Could myelin damage from radiofrequency electromagnetic field
exposure help explain the functional impairment electrohypersensitivity? A review of the
evidence. J Toxicol Environ Health B Crit Rev. 2014;17(5):247-58.

Nilsson M, Hardell L. (2023) Development of the Microwave Syndrome in Two Men Shortly after
Installation of 5G on the Roof above their Office. Ann Clin Case Rep. 8: 2378.

Redmayne, M., & Reddel, S. (2021). Redefining electrosensitivity: A new literature-supported
model. Electromagnetic Biology and Medicine, 40(2), 227–235.
https://doi.org/10.1080/15368378.2021.1874971

Sage, C. (2015). The implications of non-linear biological oscillations on human
electrophysiology for electrohypersensitivity (EHS) and multiple chemical sensitivity (MCS).
Reviews on Environmental Health, 30(4), 293–303.

Stein, Y., & Udasin, I. G. (2020). Electromagnetic hypersensitivity (EHS, microwave syndrome) –
Review of mechanisms. Environmental Research, 186, 109445.

Verma, R., Swanson, R. L., Parker, D., Ould Ismail, A. A., Shinohara, R. T., Alappatt, J. A.,
Doshi, J., Davatzikos, C., Gallaway, M., Duda, D., Chen, H. I., Kim, J. J., Gur, R. C., Wolf, R. L.,
Grady, M. S., Hampton, S., Diaz-Arrastia, R., & Smith, D. H. (2019). Neuroimaging Findings in

https://doi.org/10.1002/bem.21937
https://doi.org/10.1002/bem.21937
https://doi.org/10.1002/bem.21937
https://doi.org/10.3390/jcm12124092
https://doi.org/10.3390/jcm12124092
https://www.gavinpublishers.com/article/view/case-report-the-microwave-syndrome-after-installation-of-5g-emphasizes-the-need-for-protection-from-radiofrequency-radiation
https://www.gavinpublishers.com/article/view/case-report-the-microwave-syndrome-after-installation-of-5g-emphasizes-the-need-for-protection-from-radiofrequency-radiation
https://doi.org/10.1515/reveh-2021-0169
https://doi.org/10.1515/reveh-2021-0169
https://doi.org/10.1515/reveh-2021-0169
https://doi.org/10.1515/reveh-2015-0012
https://doi.org/10.1515/reveh-2015-0012
https://doi.org/10.1515/reveh-2015-0012
https://doi.org/10.1515/reveh-2017-0014
https://doi.org/10.1515/reveh-2017-0014
https://doi.org/10.1515/reveh-2017-0014
https://doi.org/10.1515/reveh-2022-0108
https://doi.org/10.1515/reveh-2022-0108
https://doi.org/10.1515/reveh-2022-0108
https://doi.org/10.3109/00207454.2011.608139
https://doi.org/10.3109/00207454.2011.608139
https://www.tandfonline.com/doi/abs/10.1080/10937404.2014.923356
https://www.tandfonline.com/doi/abs/10.1080/10937404.2014.923356
https://www.tandfonline.com/doi/abs/10.1080/10937404.2014.923356
https://www.anncaserep.com/open-access/development-of-the-microwave-syndrome-in-two-men-shortly-after-9589.pdf
https://www.anncaserep.com/open-access/development-of-the-microwave-syndrome-in-two-men-shortly-after-9589.pdf
https://doi.org/10.1080/15368378.2021.1874971
https://doi.org/10.1080/15368378.2021.1874971
https://doi.org/10.1515/reveh-2015-0007
https://doi.org/10.1515/reveh-2015-0007
https://doi.org/10.1515/reveh-2015-0007
https://doi.org/10.1016/j.envres.2020.109445
https://doi.org/10.1016/j.envres.2020.109445
https://doi.org/10.1016/j.envres.2020.109445
https://doi.org/10.1001/jama.2019.9269


US Government Personnel With Possible Exposure to Directional Phenomena in Havana,
Cuba. JAMA, 322(4), 336–347.

Chemical Sensitivity
Masri, S., CS Miller, RF Palmer, and NA Ashford (2021). “Toxicant-Induced Loss of Tolerance for
Chemicals, Foods and Drugs: Assessing Patterns of Exposure Behind a Global Phenomenon”
Environmental Sciences Europe. 33:65 Available at: https://rdcu.be/cls7y

Miller, CS, RF Palmer, TT Dempsey, NA Ashford, and LB Afrin (2021). “Mast Cell Activation May
Explain Many Cases of Chemical Intolerance” Environmental Sciences Europe. 33:129
Available at: https://rdcu.be/cBxkP

Diabetes
Bektas, H., Dasdag, S., Nalbant, A., Akdag, M. B., Demir, C., & Kavak, S. (2023). 3.5 GHz
radiofrequency radiation may affect biomechanics of bone and muscle of diabetics.
Biotechnology & Biotechnological Equipment, 37(1), 2199096.

Bektas H, Algul S, Altindag F, Yegin K, Akdag Z, Dasdag S. (2022). Effects of 3.5 GHz (5G)
Radiofrequency Radiation on Ghrelin, Nesfatin-1, and Irisin Levels in Diabetic and Healthy
Brains. J Chem Neuroanat. 2022 Oct 8:102168.

Bektas, H., Dasdag, S.,Nalbant, A., Akdag, M. B., Demir, C., Kavak, S. (2023). 3.5 GHz
radiofrequency radiation may affect biomechanics of bone and muscle of diabetics.
Biotechnology & Biotechnical Equipment, 37(1). 2199096

Bektas H, Dasdag S, Altindag F, Akdag MZ, Yegin K, Algul S. Effects of 3.5-GHz
radiofrequency radiation on energy-regulatory hormone levels in the blood and adipose
tissue. Bioelectromagnetics. 2024 Feb 18.

Ismaiil, L. A., Joumaa, W. H., & Moustafa, M. E. (2019). The impact of exposure of diabetic rats
to 900 MHz electromagnetic radiation emitted from mobile phone antenna on hepatic oxidative
stress. Electromagnetic Biology and Medicine, 38(4), 287–296.

Masoumi, A., Karbalaei, N., Mortazavi, S. M. J., & Shabani, M. (2018). Radiofrequency radiation
emitted from Wi-Fi (2.4 GHz) causes impaired insulin secretion and increased oxidative stress in
rat pancreatic islets. International Journal of Radiation Biology, 94(9), 850–857.

Meo, S. A., Alsubaie, Y., Almubarak, Z., Almutawa, H., AlQasem, Y., & Hasanato, R. M. (2015).
Association of Exposure to Radio-Frequency Electromagnetic Field Radiation (RF-EMFR)
Generated by Mobile Phone Base Stations with Glycated Hemoglobin (HbA1c) and Risk of Type
2 Diabetes Mellitus. International Journal of Environmental Research and Public Health, 12(11),
14519–14528.

https://doi.org/10.1001/jama.2019.9269
https://doi.org/10.1001/jama.2019.9269
https://doi.org/10.1001/jama.2019.9269
https://rdcu.be/cls7y
https://rdcu.be/cBxkP
https://www.tandfonline.com/doi/epdf/10.1080/13102818.2023.2199096?needAccess=true&role=button
https://www.tandfonline.com/doi/epdf/10.1080/13102818.2023.2199096?needAccess=true&role=button
https://doi.org/10.1080/13102818.2023.2199096
https://www.sciencedirect.com/science/article/abs/pii/S0891061822000989?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0891061822000989?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0891061822000989?via%3Dihub
https://www.tandfonline.com/doi/full/10.1080/13102818.2023.2199096
https://www.tandfonline.com/doi/full/10.1080/13102818.2023.2199096
https://onlinelibrary.wiley.com/doi/10.1002/bem.22498
https://onlinelibrary.wiley.com/doi/10.1002/bem.22498
https://onlinelibrary.wiley.com/doi/10.1002/bem.22498
https://doi.org/10.1080/15368378.2019.1641722
https://doi.org/10.1080/15368378.2019.1641722
https://doi.org/10.1080/15368378.2019.1641722
https://doi.org/10.1080/15368378.2019.1641722
https://doi.org/10.1080/09553002.2018.1490039
https://doi.org/10.1080/09553002.2018.1490039
https://doi.org/10.1080/09553002.2018.1490039
https://doi.org/10.1080/09553002.2018.1490039
https://doi.org/10.3390/ijerph121114519
https://doi.org/10.3390/ijerph121114519
https://doi.org/10.3390/ijerph121114519


Milham, S. (2014). Evidence that dirty electricity is causing the worldwide epidemics of obesity
and diabetes. Electromagnetic Biology and Medicine, 33(1), 75–78.

Sert, C., Delin, M., Eren, M. A., & Çakmak, Y. (2022). Investigation of Fetuin-A pathway in
diabetes mellitus formation in rats exposed to elf magnetic fields. Electromagnetic Biology and
Medicine, 1–7.

Sibghatullah, H., Sangi, S. M. A., Ahmedani, E. I., Alqahtani, A., Bawadekji, A., & Nagaraja, S.
(2021). Amelioration of Cell Phone and Wi Fi induced Pancreatic Damage and Hyperglycemia
(Diabetes Mellitus) with Pomegranate and Vit E in Rats. Journal of Pharmaceutical Research
International, 204–215.

Obesity and Food Ingestion
Bosquillon de Jenlis, A., Del Vecchio, F., Delanaud, S., Bach, V., & Pelletier, A. (2020). Effects of
co-exposure to 900 MHz radiofrequency electromagnetic fields and high-level noise on sleep,
weight, and food intake parameters in juvenile rats. Environmental Pollution, 256, 113461.

Li, D.-K., Ferber, J. R., Odouli, R., & Quesenberry, C. P. (2012). A Prospective Study of In-utero
Exposure to Magnetic Fields and the Risk of Childhood Obesity. Scientific Reports, 2(1), 540.

Tripathi, R., Banerjee, S. K., Nirala, J. P., & Mathur, R. (2022). Simultaneous exposure to
electromagnetic field from mobile phone and unimpeded fructose drinking during pre-, peri-, and
post-pubertal stages perturbs the hypothalamic and hepatic regulation of energy homeostasis
by early adulthood: Experimental evidence. Environmental Science and Pollution Research,
29(5), 7438–7451.

Wardzinski, E. K., Jauch-Chara, K., Haars, S., Melchert, U. H., Scholand-Engler, H. G., &
Oltmanns, K. M. (2022). Mobile Phone Radiation Deflects Brain Energy Homeostasis and
Prompts Human Food Ingestion. Nutrients, 14(2), 339.

Oxidative Stress
Salameh M, Zeitoun-Ghandour S, Sabra L, Daher A, Khalil M, Joumaa WH. Impact of
GSM-EMW exposure on the markers of oxidative stress in fetal rat liver. Sci Rep. 2023
Oct 18;13(1):17806. v

Gurhan H, Bajtoš M, Barnes F. Weak Radiofrequency Field Effects on Chemical Parameters That
Characterize Oxidative Stress in Human Fibrosarcoma and Fibroblast Cells. Biomolecules. 2023 Jul
13;13(7):1112. doi: 10.3390/biom13071112.

Georgiou, C. D., & Margaritis, L. H. (2021). Oxidative Stress and NADPH Oxidase: Connecting
Electromagnetic Fields, Cation Channels and Biological Effects. International Journal of
Molecular Sciences, 22(18), 10041.

https://doi.org/10.3109/15368378.2013.783853
https://doi.org/10.3109/15368378.2013.783853
https://doi.org/10.3109/15368378.2013.783853
https://doi.org/10.1080/15368378.2022.2117189
https://doi.org/10.1080/15368378.2022.2117189
https://doi.org/10.1080/15368378.2022.2117189
https://doi.org/10.9734/jpri/2021/v33i54B33781
https://doi.org/10.9734/jpri/2021/v33i54B33781
https://doi.org/10.9734/jpri/2021/v33i54B33781
https://doi.org/10.1016/j.envpol.2019.113461
https://doi.org/10.1016/j.envpol.2019.113461
https://doi.org/10.1016/j.envpol.2019.113461
https://doi.org/10.1016/j.envpol.2019.113461
https://doi.org/10.1038/srep00540
https://doi.org/10.1038/srep00540
https://doi.org/10.1038/srep00540
https://doi.org/10.1007/s11356-021-15841-y
https://doi.org/10.1007/s11356-021-15841-y
https://doi.org/10.1007/s11356-021-15841-y
https://doi.org/10.1007/s11356-021-15841-y
https://doi.org/10.1007/s11356-021-15841-y
https://doi.org/10.3390/nu14020339
https://doi.org/10.3390/nu14020339
https://doi.org/10.3390/nu14020339
https://www.nature.com/articles/s41598-023-44814-z
https://www.nature.com/articles/s41598-023-44814-z
https://doi.org/10.3390/ijms221810041
https://doi.org/10.3390/ijms221810041


Kamali, K., Taravati, A., Sayyadi, S., Gharib, F. Z., & Maftoon, H. (2018). Evidence of oxidative
stress after continuous exposure to Wi-Fi radiation in rat model. Environmental Science and
Pollution Research International, 25(35), 35396–35403.

Lai, H., & Levitt, B. B. (2023). Cellular and molecular effects of non-ionizing electromagnetic
fields. Reviews on Environmental Health.

Manta, A. K., Stravopodis, D. J., Papassideri, I. S., & Margaritis, L. H. (2014). Reactive oxygen
species elevation and recovery in Drosophila bodies and ovaries following short-term and
long-term exposure to DECT base EMF. Electromagnetic Biology and Medicine, 33(2),
118–131.

Pagadala et al. (2022). Effect of RFEMR on NSE and MDA levels in Sprague Dawley rats.
Bioinformation 18(6), 501-505.

Schuermann, D., & Mevissen, M. (2021). Manmade Electromagnetic Fields and Oxidative
Stress—Biological Effects and Consequences for Health. International Journal of Molecular
Sciences, 22(7), 3772.

Singh, K. V., Gautam, R., Meena, R., Nirala, J. P., Jha, S. K., & Rajamani, P. (2020). Effect of
mobile phone radiation on oxidative stress, inflammatory response, and contextual fear memory
in Wistar rat. Environmental Science and Pollution Research International, 27(16),
19340–19351.

Yakymenko, I., Tsybulin, O., Sidorik, E., Henshel, D., Kyrylenko, O., & Kyrylenko, S. (2016).
Oxidative mechanisms of biological activity of low-intensity radiofrequency radiation.
Electromagnetic Biology and Medicine, 35(2), 186–202.

Miscarriage
Ghazanfarpour, M., Kashani, Z. A., Pakzad, R., Abdi, F., Rahnemaei, F. A., Akbari, P. A., &
Roozbeh, N. (2021). Effect of electromagnetic field on abortion: A systematic review and
meta-analysis. Open Medicine (Warsaw, Poland), 16(1), 1628–1641.

Li, D.-K., Chen, H., Ferber, J. R., Odouli, R., & Quesenberry, C. (2017). Exposure to Magnetic
Field Non-Ionizing Radiation and the Risk of Miscarriage: A Prospective Cohort Study. Scientific
Reports, 7(1), 17541.

Li, D.-K., Odouli, R., Wi, S., Janevic, T., Golditch, I., Bracken, T. D., Senior, R., Rankin, R., &
Iriye, R. (2002). A population-based prospective cohort study of personal exposure to magnetic
fields during pregnancy and the risk of miscarriage. Epidemiology (Cambridge, Mass.), 13(1),
9–20.

Irani M, Aradmehr M, Ghorbani M, Baghani R. Electromagnetic Field Exposure and Abortion in
Pregnant Women: A Systematic Review and Meta-Analysis. Malays J Med Sci.
2023;30(5):70-80.

https://doi.org/10.1007/s11356-018-3482-0
https://doi.org/10.1007/s11356-018-3482-0
https://doi.org/10.1007/s11356-018-3482-0
https://pubmed.ncbi.nlm.nih.gov/37021652/
https://pubmed.ncbi.nlm.nih.gov/37021652/
https://doi.org/10.1515/reveh-2023-0023
https://doi.org/10.3109/15368378.2013.791991
https://doi.org/10.3109/15368378.2013.791991
https://doi.org/10.3109/15368378.2013.791991
https://doi.org/10.3109/15368378.2013.791991
https://www.bioinformation.net/018/97320630018501.pdf
https://doi.org/10.3390/ijms22073772
https://doi.org/10.3390/ijms22073772
https://doi.org/10.3390/ijms22073772
https://doi.org/10.1007/s11356-020-07916-z
https://doi.org/10.1007/s11356-020-07916-z
https://doi.org/10.1007/s11356-020-07916-z
https://doi.org/10.1007/s11356-020-07916-z
https://doi.org/10.3109/15368378.2015.1043557
https://doi.org/10.3109/15368378.2015.1043557
https://doi.org/10.1515/med-2021-0384
https://doi.org/10.1515/med-2021-0384
https://doi.org/10.1038/s41598-017-16623-8
https://doi.org/10.1038/s41598-017-16623-8
https://doi.org/10.1038/s41598-017-16623-8
https://doi.org/10.1097/00001648-200201000-00004
https://doi.org/10.1097/00001648-200201000-00004
https://doi.org/10.1097/00001648-200201000-00004
http://www.mjms.usm.my/MJMS30052023/MJMS30052023_06.pdf
http://www.mjms.usm.my/MJMS30052023/MJMS30052023_06.pdf


Mahmoudabadi, F. S., Ziaei, S., Firoozabadi, M., & Kazemnejad, A. (2015). Use of mobile
phone during pregnancy and the risk of spontaneous abortion. Journal of Environmental Health
Science and Engineering, 13(1), 34.

Wang, Q., Cao, Z., Qu, Y., Peng, X., Guo, S., & Chen, L. (2013). Residential exposure to 50 Hz
magnetic fields and the association with miscarriage risk: A 2-year prospective cohort study.
PloS One, 8(12), e82113.

Brain
A. M. Dagro, J. W. Wilkerson, T. P. Thomas, B. T. Kalinosky, and J. A. Payne, “Computational modeling
investigation of pulsed high peak power microwaves and the potential for traumatic brain injury,” Sci.
Adv., vol. 7, no. 44, pp. 1–10, Oct. 2021,

Van der Meer, J. N., Eisma, Y. B., Meester, R. Jacobs, M. Nederveen, A. J. (2023). Effects of
mobile phone electromagnetic fields on brain waves in healthy volunteers. Sci Rep, 13(1),
21758.

Pritchard, C., Silk, A., Hansen, L., (2019). Are rises in Electro-Magnetic Field in the human
environment, interacting with multiple environmental pollutions, the tipping point for increases in
neurological deaths in the Western World?, Medical Hypotheses, 127, 76-83

Weinberger, Z., & Richter, E. D. (2002). Cellular telephones and effects on the brain: the head
as an antenna and brain tissue as a radio receiver. Medical hypotheses, 59(6), 703–705.

Kim, J. H., Lee, J. K., Kim, H. G., Kim, K. B., & Kim, H. R. (2019). Possible Effects of
Radiofrequency Electromagnetic Field Exposure on Central Nerve System. Biomolecules &
therapeutics, 27(3), 265–275.

Terzi, M., Ozberk, B., Deniz, O. G., & Kaplan, S. (2016). The role of electromagnetic fields in
neurological disorders. Journal of Chemical Neuroanatomy, 75(Pt B), 77–84.

Wang, H., Tan, S., Dong, J. et al. (2019). iTRAQ quantitatively proteomic analysis of the
hippocampus in a rat model of accumulative microwave-induced cognitive impairment. Environ
Sci Pollut Res 26, 17248–17260

Alkis, M. E., Bilgin, H. M., Akpolat, V., Dasdag, S., Yegin, K., Yavas, M. C., & Akdag, M. Z.
(2019). Effect of 900-, 1800-, and 2100-MHz radiofrequency radiation on DNA and oxidative
stress in brain. Electromagnetic Biology and Medicine, 38(1), 32–47.

Bertagna, F., Lewis, R., Silva, S. R. P., McFadden, J., & Jeevaratnam, K. (2021). Effects of
electromagnetic fields on neuronal ion channels: A systematic review. Annals of the New York
Academy of Sciences, 1499(1), 82–103.

Cabré-Riera, A., Marroun, H. E., Muetzel, R., van Wel, L., Liorni, I., Thielens, A., Birks, L. E.,
Pierotti, L., Huss, A., Joseph, W., Wiart, J., Capstick, M., Hillegers, M., Vermeulen, R., Cardis,

https://doi.org/10.1186/s40201-015-0193-z
https://doi.org/10.1186/s40201-015-0193-z
https://doi.org/10.1186/s40201-015-0193-z
https://doi.org/10.1371/journal.pone.0082113
https://doi.org/10.1371/journal.pone.0082113
https://doi.org/10.1371/journal.pone.0082113
https://www.science.org/doi/10.1126/sciadv.abd8405
https://www.science.org/doi/10.1126/sciadv.abd8405
https://www.nature.com/articles/s41598-023-48561-z?
https://www.nature.com/articles/s41598-023-48561-z?
https://www.sciencedirect.com/science/article/pii/S0306987719300040
https://www.sciencedirect.com/science/article/pii/S0306987719300040
https://www.sciencedirect.com/science/article/pii/S0306987719300040
https://www.sciencedirect.com/science/article/pii/S0306987702002980
https://www.sciencedirect.com/science/article/pii/S0306987702002980
https://pubmed.ncbi.nlm.nih.gov/30481957/
https://pubmed.ncbi.nlm.nih.gov/30481957/
https://www.sciencedirect.com/science/article/abs/pii/S0891061816300576?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0891061816300576?via%3Dihub
https://link.springer.com/article/10.1007/s11356-019-04873-0
https://link.springer.com/article/10.1007/s11356-019-04873-0
https://doi.org/10.1080/15368378.2019.1567526
https://doi.org/10.1080/15368378.2019.1567526
https://doi.org/10.1111/nyas.14597
https://doi.org/10.1111/nyas.14597
https://doi.org/10.1111/nyas.14597


E., Vrijheid, M., White, T., Röösli, M., Tiemeier, H., & Guxens, M. (2020). Estimated whole-brain
and lobe-specific radiofrequency electromagnetic fields doses and brain volumes in
preadolescents. Environment International, 142, 105808.

Cabré-Riera, A., van Wel, L., Liorni, I., Koopman-Verhoeff, M. E., Imaz, L., Ibarluzea, J., Huss,
A., Wiart, J., Vermeulen, R., Joseph, W., Capstick, M., Vrijheid, M., Cardis, E., Röösli, M.,
Eeftens, M., Thielens, A., Tiemeier, H., & Guxens, M. (2022). Estimated all-day and evening
whole-brain radiofrequency electromagnetic fields doses, and sleep in preadolescents.
Environmental Research, 204(Pt C), 112291.

Echchgadda, I., Cantu, J. C., Tolstykh, G. P., Butterworth, J. W., Payne, J. A., & Ibey, B. L.
(2022). Changes in the excitability of primary hippocampal neurons following exposure to 3.0
GHz radiofrequency electromagnetic fields. Scientific Reports, 12(1), 3506.

Fragopoulou, A. F., Samara, A., Antonelou, M. H., Xanthopoulou, A., Papadopoulou, A.,
Vougas, K., Koutsogiannopoulou, E., Anastasiadou, E., Stravopodis, D. J., Tsangaris, G. T., &
Margaritis, L. H. (2012). Brain proteome response following whole body exposure of mice to
mobile phone or wireless DECT base radiation. Electromagnetic Biology and Medicine, 31(4),
250–274.

Hao, Y.-H., Zhao, L., & Peng, R.-Y. (2015). Effects of microwave radiation on brain energy
metabolism and related mechanisms. Military Medical Research, 2, 4.

Hu, C., Zuo, H., & Li, Y. (2021). Effects of Radiofrequency Electromagnetic Radiation on
Neurotransmitters in the Brain. Frontiers in Public Health, 9.

Kaplan S, Deniz OG, Önger ME, Türkmen AP, Yurt KK, Aydın I, Altunkaynak BZ, Davis D.
Electromagnetic field and brain development. J Chem Neuroanat. 2016 Sep;75(Pt B):52-61.

Li, Y., Deng, P., Chen, C., Ma, Q., Pi, H., He, M., Lu, Y., Gao, P., Zhou, C., He, Z., Zhang, Y., Yu,
Z., & Zhang, L. (2021). 1,800 MHz Radiofrequency Electromagnetic Irradiation Impairs Neurite
Outgrowth With a Decrease in Rap1-GTP in Primary Mouse Hippocampal Neurons and
Neuro2a Cells. Frontiers in Public Health, 9, 771508.

Lu, Y., Xu, S., He, M., Chen, C., Zhang, L., Liu, C., Chu, F., Yu, Z., Zhou, Z., & Zhong, M.
(2012). Glucose administration attenuates spatial memory deficits induced by chronic
low-power-density microwave exposure. Physiology & Behavior, 106(5), 631–637.

Mumtaz, S., Rana, J. N., Choi, E. H., & Han, I. (2022). Microwave Radiation and the Brain:
Mechanisms, Current Status, and Future Prospects. International Journal of Molecular
Sciences, 23(16), 9288.

Nittby, H., Brun, A., Eberhardt, J., Malmgren, L., Persson, B. R. R., & Salford, L. G. (2009).
Increased blood–brain barrier permeability in mammalian brain 7 days after exposure

https://doi.org/10.1016/j.envint.2020.105808
https://doi.org/10.1016/j.envint.2020.105808
https://doi.org/10.1016/j.envint.2020.105808
https://doi.org/10.1016/j.envint.2020.105808
https://doi.org/10.1016/j.envres.2021.112291
https://doi.org/10.1016/j.envres.2021.112291
https://doi.org/10.1016/j.envres.2021.112291
https://doi.org/10.1038/s41598-022-06914-0
https://doi.org/10.1038/s41598-022-06914-0
https://doi.org/10.3109/15368378.2011.631068
https://doi.org/10.3109/15368378.2011.631068
https://doi.org/10.1186/s40779-015-0033-6
https://doi.org/10.1186/s40779-015-0033-6
https://doi.org/10.1186/s40779-015-0033-6
https://www.frontiersin.org/articles/10.3389/fpubh.2021.691880
https://www.frontiersin.org/articles/10.3389/fpubh.2021.691880
https://www.frontiersin.org/articles/10.3389/fpubh.2021.691880
https://www.sciencedirect.com/science/article/abs/pii/S0891061815000952?via%3Dihub
https://doi.org/10.3389/fpubh.2021.771508
https://doi.org/10.3389/fpubh.2021.771508
https://doi.org/10.3389/fpubh.2021.771508
https://doi.org/10.3389/fpubh.2021.771508
https://doi.org/10.1016/j.physbeh.2012.04.019
https://doi.org/10.1016/j.physbeh.2012.04.019
https://doi.org/10.1016/j.physbeh.2012.04.019
https://doi.org/10.3390/ijms23169288
https://doi.org/10.3390/ijms23169288
https://doi.org/10.3390/ijms23169288
https://doi.org/10.1016/j.pathophys.2009.01.001


Sharma, A., Shrivastava, S., & Shukla, S. (2020). Exposure of Radiofrequency Electromagnetic
Radiation on Biochemical and Pathological Alterations. Neurology India, 68(5), 1092–1100.

Sırav, B., & Seyhan, N. (2016). Effects of GSM modulated radio-frequency electromagnetic
radiation on permeability of blood-brain barrier in male & female rats. Journal of Chemical
Neuroanatomy, 75(Pt B), 123–127.

Sonmez, O. F., Odaci, E., Bas, O., & Kaplan, S. (2010). Purkinje cell number decreases in the
adult female rat cerebellum following exposure to 900MHz electromagnetic field. Brain
Research, 1356, 95–101.

Tan B, Canturk Tan F, Yalcin B, Dasdag S, Yegin K, Yay AH. (2022) Changes in the
histopathology and in the proteins related to the MAPK pathway in the brains of rats exposed to
pre and postnatal radiofrequency radiation over four generations [published online ahead of
print, 2022 Oct 29]. J Chem Neuroanat.126:102187

Tang, J., Zhang, Y., Yang, L., Chen, Q., Tan, L., Zuo, S., Feng, H., Chen, Z., & Zhu, G. (2015).
Exposure to 900 MHz electromagnetic fields activates the mkp-1/ERK pathway and causes
blood-brain barrier damage and cognitive impairment in rats. Brain Research, 1601, 92–101.

Volkow, N. D., Tomasi, D., Wang, G.-J., Vaska, P., Fowler, J. S., Telang, F., Alexoff, D., Logan,
J., & Wong, C. (2011). Effects of Cell Phone Radiofrequency Signal Exposure on Brain Glucose
Metabolism. JAMA, 305(8), 808–813.

Blood Brain Barrier
Frey, A. H. (2012, Sept 25). Opinion: Cell Phone Health Risk?. The Scientist.

Leszczynski, Dariusz, et al. “Non‐thermal activation of the hsp27/p38MAPK stress pathway by
mobile phone radiation in human endothelial cells: Molecular mechanism for cancer‐and
blood‐brain barrier‐related effects.” Differentiation, vol. 70, no. 2‐3, 2002, pp. 120-9.

Nittby H, et al. Effects of microwave radiation upon themammalian blood-brain

barrier. European Journal of Oncology, vol. 5, 2010, pp. 333-55.

Nittby H, Brun A, Eberhardt J, Malmgren L, Persson BR, Salford LG. Increased
blood-brain barrier permeability in mammalian brain 7 days after exposure to the
radiation from a GSM-900 mobile phone. Pathophysiology. 2009 Aug;16(2-3):103-12.

https://doi.org/10.4103/0028-3886.294554
https://doi.org/10.4103/0028-3886.294554
https://doi.org/10.4103/0028-3886.294554
https://doi.org/10.1016/j.jchemneu.2015.12.010
https://doi.org/10.1016/j.jchemneu.2015.12.010
https://doi.org/10.1016/j.jchemneu.2015.12.010
https://pubmed.ncbi.nlm.nih.gov/20691167/
https://pubmed.ncbi.nlm.nih.gov/20691167/
https://doi.org/10.1016/j.brainres.2010.07.103
https://pubmed.ncbi.nlm.nih.gov/36374647/
https://pubmed.ncbi.nlm.nih.gov/36374647/
https://pubmed.ncbi.nlm.nih.gov/36374647/
https://doi.org/10.1016/j.brainres.2015.01.019
https://doi.org/10.1016/j.brainres.2015.01.019
https://doi.org/10.1001/jama.2011.186
https://doi.org/10.1001/jama.2011.186
https://doi.org/10.1001/jama.2011.186
https://www.the-scientist.com/news-opinion/opinion-cell-phone-health-risk-40449
https://www.ncbi.nlm.nih.gov/pubmed/12076339
https://www.ncbi.nlm.nih.gov/pubmed/12076339
https://www.ncbi.nlm.nih.gov/pubmed/12076339
http://www.ncbi.nlm.nih.gov/pubmed/19345073
http://www.ncbi.nlm.nih.gov/pubmed/19345073
https://www.sciencedirect.com/science/article/abs/pii/S0928468009000133?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0928468009000133?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0928468009000133?via%3Dihub


Poulletier de Gannes F, et al. “Effects of GSM andUMTSmobile telephony signals

on neuron degeneration and blood-brain barrier permeation in the rat brain.” Sci
Rep 7.15496 (2017).

Tang, Jun, et al. “Exposure to 900MHz electromagnetic fields activates the

mkp-1/ERK pathway and causes blood-brain barrier damage and cognitive

impairment in rats.” Brain Research, vol. 1601, 2015, pp. 92-101.

Sirav B, andN. Seyhan. Effects of radiofrequency radiation exposure on blood-brain

barrier permeability in male and female rats.Electromagnetic Biology and

Medicine, vol. 30, no. 4, 2011, pp. 253-60.

–
Kim, Ju Hwan, et al. “Long-term exposure to 835 MHz RF-EMF induces hyperactivity, autophagy
and demyelination in the cortical neurons of mice.”Scientific Reports, vol. 7, no. 41129, 2017.

Dasdag et al. “Effects Of 2.4 Ghz Radiofrequency Radiation Emitted From Wi-Fi Equipment On
microRna Expression In Brain Tissue.” International Journal of Radiation Biology, vol. 16, 2015,
pp. 1-26.

Memory and Cognition
Cabré-Riera, A., van Wel, L., Liorni, I., Thielens, A., Birks, L. E., Pierotti, L., Joseph, W.,
González-Safont, L., Ibarluzea, J., Ferrero, A., Huss, A., Wiart, J., Santa-Marina, L., Torrent, M.,
Vrijkotte, T., Capstick, M., Vermeulen, R., Vrijheid, M., Cardis, E., … Guxens, M. (2021).
Association between estimated whole-brain radiofrequency electromagnetic fields dose and
cognitive function in preadolescents and adolescents. International Journal of Hygiene and
Environmental Health, 231, 113659.

Foerster, M., Thielens, A., Joseph, W., Eeftens, M., & R, öösli M. (n.d.). A Prospective Cohort
Study of Adolescents’ Memory Performance and Individual Brain Dose of Microwave Radiation
from Wireless Communication. Environmental Health Perspectives, 126(7), 077007.

Fragopoulou, A. F., Miltiadous, P., Stamatakis, A., Stylianopoulou, F., Koussoulakos, S. L., &
Margaritis, L. H. (2010). Whole body exposure with GSM 900MHz affects spatial memory in
mice. Pathophysiology: The Official Journal of the International Society for Pathophysiology,
17(3), 179–187.

Maaroufi, K., Had-Aissouni, L., Melon, C., Sakly, M., Abdelmelek, H., Poucet, B., & Save, E.
(2014). Spatial learning, monoamines and oxidative stress in rats exposed to 900 MHz
electromagnetic field in combination with iron overload. Behavioural Brain Research, 258,
80–89.

https://www.nature.com/articles/s41598-017-15690-1
https://www.nature.com/articles/s41598-017-15690-1
https://www.ncbi.nlm.nih.gov/pubmed/25598203
https://www.ncbi.nlm.nih.gov/pubmed/25598203
https://www.ncbi.nlm.nih.gov/pubmed/25598203
http://www.ncbi.nlm.nih.gov/pubmed/22047463
http://www.ncbi.nlm.nih.gov/pubmed/22047463
http://www.nature.com/articles/srep41129
http://www.nature.com/articles/srep41129
http://www.ncbi.nlm.nih.gov/pubmed/25775055?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25775055?dopt=Abstract
https://doi.org/10.1016/j.ijheh.2020.113659
https://doi.org/10.1016/j.ijheh.2020.113659
https://doi.org/10.1016/j.ijheh.2020.113659
https://doi.org/10.1289/EHP2427
https://doi.org/10.1289/EHP2427
https://doi.org/10.1289/EHP2427
https://doi.org/10.1289/EHP2427
https://doi.org/10.1016/j.pathophys.2009.11.002
https://doi.org/10.1016/j.pathophys.2009.11.002
https://doi.org/10.1016/j.bbr.2013.10.016
https://doi.org/10.1016/j.bbr.2013.10.016
https://doi.org/10.1016/j.bbr.2013.10.016


Ntzouni, M. P., Skouroliakou, A., Kostomitsopoulos, N., & Margaritis, L. H. (2013). Transient and
cumulative memory impairments induced by GSM 1.8 GHz cell phone signal in a mouse model.
Electromagnetic Biology and Medicine, 32(1), 95–120.

Ntzouni, M. P., Stamatakis, A., Stylianopoulou, F., & Margaritis, L. H. (2011). Short-term memory
in mice is affected by mobile phone radiation. Pathophysiology: The Official Journal of the
International Society for Pathophysiology, 18(3), 193–199.

Tan, S., Wang, H., Xu, X., Zhao, L., Zhang, J., Dong, J., Yao, B., Wang, H., Hao, Y., Zhou, H.,
Gao, Y., & Peng, R. (2021). Acute effects of 2.856 GHz and 1.5 GHz microwaves on spatial
memory abilities and CREB-related pathways. Scientific Reports, 11(1), 12348.

Wang, H., Tan, S., Dong, J. et al. iTRAQ quantitatively proteomic analysis of the hippocampus in
a rat model of accumulative microwave-induced cognitive impairment. Environ Sci Pollut Res
26, 17248–17260 (2019).

Behavioral and Emotional
Bagheri Hosseinabadi, M., Khanjani, N., Ebrahimi, M. H., Haji, B., & Abdolahfard, M. (2019).
The effect of chronic exposure to extremely low-frequency electromagnetic fields on sleep
quality, stress, depression and anxiety. Electromagnetic Biology and Medicine, 38(1), 96–101.

Byun, Y.-H., Ha, M., Kwon, H.-J., Hong, Y.-C., Leem, J.-H., Sakong, J., Kim, S. Y., Lee, C. G.,
Kang, D., Choi, H.-D., & Kim, N. (2013). Mobile Phone Use, Blood Lead Levels, and Attention
Deficit Hyperactivity Symptoms in Children: A Longitudinal Study. PLOS ONE, 8(3), e59742.

Divan, H. A., Kheifets, L., Obel, C., & Olsen, J. (2012). Cell phone use and behavioural
problems in young children. J Epidemiol Community Health, 66(6), 524–529.

Hosseini, E., Habibi, M. F., Babri, S., Mohaddes, G., Abkhezr, H., & Heydari, H. (2022). Maternal
stress induced anxiety-like behavior exacerbated by electromagnetic fields radiation in female
rats offspring. PLOS ONE, 17(8), e0273206.

Luo X, Huang X, Luo Z, Wang Z, He G, Tan Y, Zhang B, Zhou H, Li P, Shen T, Yu X, Yang X
(2021): Electromagnetic field exposure-induced depression features could be alleviated by heat
acclimation based on remodeling the gut microbiota. Ecotoxicol Environ Saf. 2021 Nov
15;228:112980.

Sudan, M., Birks, L. E., Aurrekoetxea, J. J., Ferrero, A., Gallastegi, M., Guxens, M., Ha, M., Lim,
H., Olsen, J., González-Safont, L., Vrijheid, M., & Kheifets, L. (2018). Maternal cell phone use
during pregnancy and child cognition at age 5 years in 3 birth cohorts. Environment
International, 120, 155–162.

Sudan, M., Olsen, J., Arah, O. A., Obel, C., & Kheifets, L. (2016). Prospective cohort analysis of
cellphone use and emotional and behavioural difficulties in children. J Epidemiol Community
Health, 70(12), 1207–1213.

https://doi.org/10.3109/15368378.2012.709207
https://doi.org/10.3109/15368378.2012.709207
https://doi.org/10.3109/15368378.2012.709207
https://doi.org/10.1016/j.pathophys.2010.11.001
https://doi.org/10.1016/j.pathophys.2010.11.001
https://doi.org/10.1016/j.pathophys.2010.11.001
https://doi.org/10.1038/s41598-021-91622-4
https://doi.org/10.1038/s41598-021-91622-4
https://doi.org/10.1038/s41598-021-91622-4
https://link.springer.com/article/10.1007/s11356-019-04873-0
https://link.springer.com/article/10.1007/s11356-019-04873-0
https://doi.org/10.1080/15368378.2018.1545665
https://doi.org/10.1080/15368378.2018.1545665
https://doi.org/10.1080/15368378.2018.1545665
https://doi.org/10.1371/journal.pone.0059742
https://doi.org/10.1136/jech.2010.115402
https://doi.org/10.1136/jech.2010.115402
https://doi.org/10.1136/jech.2010.115402
https://doi.org/10.1371/journal.pone.0273206
https://doi.org/10.1371/journal.pone.0273206
https://doi.org/10.1371/journal.pone.0273206
https://doi.org/10.1371/journal.pone.0273206
https://www.sciencedirect.com/science/article/pii/S0147651321010927?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0147651321010927?via%3Dihub
https://doi.org/10.1016/j.envint.2018.07.043
https://doi.org/10.1016/j.envint.2018.07.043
https://doi.org/10.1016/j.envint.2018.07.043
https://doi.org/10.1136/jech-2016-207419
https://doi.org/10.1136/jech-2016-207419
https://doi.org/10.1136/jech-2016-207419


Autism

Ahuja, Y. R., Sharma, S., & Bahadur, B. (2013). Autism: An epigenomic side-effect of excessive
exposure to electromagnetic fields. Medicine and Medical Sciences, 5(4), 171–177.

Herbert, M. R., & Sage, C. (2013a). Autism and EMF? Plausibility of a pathophysiological link –
Part I. Pathophysiology, 20(3), 191–209.

Herbert, M. R., & Sage, C. (2013b). Autism and EMF? Plausibility of a pathophysiological link
part II. Pathophysiology, 20(3), 211–234.

Kane, R. C. (2004). A possible association between fetal/neonatal exposure to radiofrequency
electromagnetic radiation and the increased incidence of autism spectrum disorders (ASD).
Medical Hypotheses, 62(2), 195–197.

Pall ML. Central Causation of Autism/ASDs via Excessive [Ca2+]i Impacting Six Mechanisms Controlling
Synaptogenesis during the Perinatal Period: The Role of Electromagnetic Fields and Chemicals and the
NO/ONOO(-) Cycle, as Well as Specific Mutations. Brain Sciences. 2024; 14(5):454. doi:
10.3390/brainsci14050454.

Thornton, I. M. (2006). Out of time: A possible link between mirror neurons, autism and
electromagnetic radiation. Medical Hypotheses, 67(2), 378–382.

Wen, Y., Alshikho, M. J., & Herbert, M. R. (2016). Pathway Network Analyses for Autism Reveal
Multisystem Involvement, Major Overlaps with Other Diseases and Convergence upon MAPK
and Calcium Signaling. PLOS ONE, 11(4), e0153329.

Endocrine System
Alkayyali, T., Ochuba, O., Srivastava, K., Sandhu, J. K., Joseph, C., Ruo, S. W., Jain, A., Waqar,
A., & Poudel, S. (2021). An Exploration of the Effects of Radiofrequency Radiation Emitted by
Mobile Phones and Extremely Low Frequency Radiation on Thyroid Hormones and Thyroid
Gland Histopathology. Cureus, 13(8).

Patricia Rannaud-Bartaire a b, Barbara A. Demeneix a, Jean-Baptiste Fini (2023) Pressures of
the urban environment on the endocrine system: Adverse effects and adaptation, Molecular and
Cellular Endocrinology, online December 24

Cantürk Tan, F., Yalçin, B., Yay, A. H., Tan, B., Yeğin, K., & Daşdağ, S. (2022). Effects of pre and
postnatal 2450 MHz continuous wave (CW) radiofrequency radiation on thymus: Four
generation exposure. Electromagnetic Biology and Medicine, 41(3), 315–324.

Kitaoka, K., Kitamura, M., Aoi, S., Shimizu, N., & Yoshizaki, K. (2013). Chronic exposure to an
extremely low-frequency magnetic field induces depression-like behavior and corticosterone
secretion without enhancement of the hypothalamic–pituitary–adrenal axis in mice.
Bioelectromagnetics, 34(1), 43–51.

https://doi.org/10.1016/j.pathophys.2013.08.001
https://doi.org/10.1016/j.pathophys.2013.08.001
https://doi.org/10.1016/j.pathophys.2013.08.001
https://doi.org/10.1016/j.pathophys.2013.08.002
https://doi.org/10.1016/j.pathophys.2013.08.002
https://doi.org/10.1016/S0306-9877(03)00309-8
https://doi.org/10.1016/S0306-9877(03)00309-8
https://www.mdpi.com/2076-3425/14/5/454
https://www.mdpi.com/2076-3425/14/5/454
https://www.mdpi.com/2076-3425/14/5/454
https://doi.org/10.1016/j.mehy.2006.01.032
https://doi.org/10.1016/j.mehy.2006.01.032
https://doi.org/10.1016/j.mehy.2006.01.032
https://doi.org/10.1371/journal.pone.0153329
https://doi.org/10.1371/journal.pone.0153329
https://doi.org/10.1371/journal.pone.0153329
https://doi.org/10.1371/journal.pone.0153329
https://doi.org/10.7759/cureus.17329
https://doi.org/10.7759/cureus.17329
https://doi.org/10.7759/cureus.17329
https://www.sciencedirect.com/science/article/abs/pii/S0303720723002769
https://www.sciencedirect.com/science/article/abs/pii/S0303720723002769
https://doi.org/10.1080/15368378.2022.2079673
https://doi.org/10.1080/15368378.2022.2079673
https://doi.org/10.1080/15368378.2022.2079673
https://doi.org/10.1080/15368378.2022.2079673
https://doi.org/10.1002/bem.21743
https://doi.org/10.1002/bem.21743
https://doi.org/10.1002/bem.21743
https://doi.org/10.1002/bem.21743


Mahila. (2021). Effect of Wi-Fi Radiation on Heart Rate Variability, Salivary Cortisol Level and
Cognition. Journal of Pharmaceutical Research International, 229–232.

Perov, S., Rubtsova, N., & Balzano, Q. (2019). Effects of 171 MHz Low-Intensity
Electromagnetic Field on Glucocorticoid and Mineral Corticoid Activity of the Adrenal Glands of
Rats. Bioelectromagnetics, 40(8), 578–587.

Perov SY, Rubtsova NB, Belaya OV. Status of the Neuroendocrine System in Animals
Chronically Exposed to Electromagnetic Fields of 5G Mobile Network Base Stations. Bull
Exp Biol Med. 2022 Dec;174(2):277-279.

Sangün, Ö., Dündar, B., Çömlekçi, S., & Büyükgebiz, A. (2015). The Effects of Electromagnetic
Field on the Endocrine System in Children and Adolescents. Pediatric Endocrinology Reviews:
PER, 13(2), 531–545.

Siqueira, E. C., de Souza, F. T. A., Ferreira, E., Souza, R. P., Macedo, S. C., Friedman, E.,
Gomez, M. V., Gomes, C. C., & Gomez, R. S. (2016). Cell phone use is associated with an
inflammatory cytokine profile of parotid gland saliva. Journal of Oral Pathology & Medicine,
45(9), 682–686.

Uluaydin, N. K., Cerezci, O., & Seker, S. S. (2020). Can Mobile Phone Usage Affect
Hypothalamus-Pituitary-Adrenal Axis Response? 2020 10th Annual Computing and
Communication Workshop and Conference (CCWC), 0780–0783.

Zufry, H., Rudijanto, A., Soeatmadji, D. W., Sakti, S. P., Munadi, K., Sujuti, H., & Mintaroem, K.
(2023). Effects of mobile phone electromagnetic radiation on thyroid glands and hormones in
Rattus norvegicus brain: An analysis of thyroid function, reactive oxygen species, and
monocarboxylate transporter 8. Journal of Advanced Pharmaceutical Technology & Research,
14(2), 63–68.

Immune System

Lopez-Martin, M.E., Sueiro-Benavides, R.A., Leiro-Vidal, J.M.,Rodriguez-Gonzalez, J.A.,
Ares-Pena, F.J.Can Electromagnetic Fields Modulate Inflammation and Cell Death by Acting on
the Immune System?(Review). IEEE Access, Volume 11, 2023, Pages 92167-92187

Hamed Akbari; Lobat Taghavi; Seyed Kamal Eshagh Hossaini; Mohammad Gholami Fesharaki;
Seyed Alireza Hajiseyed Mirzahosseini. "Effects of Radio Waves on the Immune System of an
Animal Model". Trauma Monthly, 28, 4, 2023

Mahaki, H., Tanzadehpanah, H., Jabarivasal, N., Sardanian, K., & Zamani, A. (2019). A review
on the effects of extremely low frequency electromagnetic field (ELF-EMF) on cytokines of
innate and adaptive immunity. Electromagnetic Biology and Medicine, 38(1), 84–95.

https://doi.org/10.9734/jpri/2021/v33i41B32362
https://doi.org/10.9734/jpri/2021/v33i41B32362
https://doi.org/10.1002/bem.22226
https://doi.org/10.1002/bem.22226
https://doi.org/10.1002/bem.22226
https://doi.org/10.1002/bem.22226
https://pubmed.ncbi.nlm.nih.gov/36598666/
https://pubmed.ncbi.nlm.nih.gov/36598666/
https://pubmed.ncbi.nlm.nih.gov/26841641/
https://pubmed.ncbi.nlm.nih.gov/26841641/
https://doi.org/10.1111/jop.12434
https://doi.org/10.1111/jop.12434
https://doi.org/10.1111/jop.12434
https://doi.org/10.1109/CCWC47524.2020.9031168
https://doi.org/10.1109/CCWC47524.2020.9031168
https://doi.org/10.1109/CCWC47524.2020.9031168
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10226703/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10226703/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10226703/
https://doi.org/10.4103/japtr.japtr_680_22
https://ieeexplore.ieee.org/document/10229142/similar#similar
https://ieeexplore.ieee.org/document/10229142/similar#similar
https://www.traumamon.com/article_179532.html
https://www.traumamon.com/article_179532.html
https://doi.org/10.1080/15368378.2018.1545668
https://doi.org/10.1080/15368378.2018.1545668
https://doi.org/10.1080/15368378.2018.1545668
https://doi.org/10.1080/15368378.2018.1545668


Mina, D., Sagonas, K., Fragopoulou, A. F., Pafilis, P., Skouroliakou, A., Margaritis, L. H.,
Tsitsilonis, O. E., & Valakos, E. D. (2016). Immune responses of a wall lizard to whole-body
exposure to radiofrequency electromagnetic radiation. International Journal of Radiation
Biology, 92(3), 162–168. https://doi.org/10.3109/09553002.2016.1135262

Piszczek, P., Wójcik-Piotrowicz, K., Gil, K., & Kaszuba-Zwoińska, J. (2021). Immunity and
electromagnetic fields. Environmental Research, 200, 111505.
https://doi.org/10.1016/j.envres.2021.111505

Szmigielski, S. (2013). Reaction of the immune system to low-level RF/MW exposures. The
Science of the Total Environment, 454–455, 393–400.
https://doi.org/10.1016/j.scitotenv.2013.03.034

Yadav, H., Sharma, R. S., & Singh, R. (2022). Immunotoxicity of radiofrequency radiation.
Environmental Pollution (Barking, Essex: 1987), 309, 119793.
https://doi.org/10.1016/j.envpol.2022.119793

Zhao, L., Yao, C., Wang, H., Dong, J., Zhang, J., Xu, X., Wang, H., Yao, B., Ren, K., Sun, L., &
Peng, R. (2022). Immune Responses to Multi-Frequencies of 1.5 GHz and 4.3 GHz Microwave
Exposure in Rats: Transcriptomic and Proteomic Analysis. International Journal of Molecular
Sciences, 23(13), 6949.

Heart, Cardiovascular
Aberumand, M., Mansouri, E., Pourmotahari, F., Mirlohi, M., & Abdoli, Z. (2016). Biochemical
and histological effects of mobile phone radiation on enzymes and tissues of mice. Research
Journal of Pharmaceutical, Biological and Chemical Sciences, 7, 1962–1971.

Andrzejak, R., Poreba, R., Poreba, M., Derkacz, A., Skalik, R., Gac, P., Beck, B.,
Steinmetz-Beck, A., & Pilecki, W. (2008). The influence of the call with a mobile phone on heart
rate variability parameters in healthy volunteers. Industrial Health, 46(4), 409–417.
https://doi.org/10.2486/indhealth.46.409

Dauda Usman, J., Umar Isyaku, M., & Fasanmade, A. A. (2020). Evaluation of heart rate
variability, blood pressure and lipid profile alterations from dual transceiver mobile phone
radiation exposure. Journal of Basic and Clinical Physiology and Pharmacology, 32(5),
951–957. https://doi.org/10.1515/jbcpp-2020-0047

Devrim, E., Ergüder, İ. B., Kılıçoğlu, B., Yaykaşlı, E., Çetin, R., & Durak, İ. (2008). Effects of
Electromagnetic Radiation Use on Oxidant/Antioxidant Status and DNA Turn-over Enzyme
Activities in Erythrocytes and Heart, Kidney, Liver, and Ovary Tissues From Rats: Possible
Protective Role of Vitamin C. Toxicology Mechanisms and Methods, 18(9), 679–683.
https://doi.org/10.1080/15376510701380182

Ekici, B., Tanındı, A., Ekici, G., & Diker, E. (2016). The effects of the duration of mobile phone
use on heart rate variability parameters in healthy subjects. Anatolian Journal of Cardiology,
16(11), 833. https://doi.org/10.14744/AnatolJCardiol.2016.6717

https://doi.org/10.3109/09553002.2016.1135262
https://doi.org/10.1016/j.envres.2021.111505
https://doi.org/10.1016/j.envres.2021.111505
https://doi.org/10.1016/j.scitotenv.2013.03.034
https://doi.org/10.1016/j.scitotenv.2013.03.034
https://doi.org/10.1016/j.envpol.2022.119793
https://doi.org/10.1016/j.envpol.2022.119793
https://doi.org/10.3390/ijms23136949
https://doi.org/10.3390/ijms23136949
https://doi.org/10.3390/ijms23136949
https://doi.org/10.2486/indhealth.46.409
https://doi.org/10.2486/indhealth.46.409
https://doi.org/10.1515/jbcpp-2020-0047
https://doi.org/10.1080/15376510701380182
https://doi.org/10.1080/15376510701380182
https://doi.org/10.14744/AnatolJCardiol.2016.6717


Hanafy, L. K., Karam, S. H., & Saleh, A. (2010). The Adverse Effects of Mobile Phone Radiation
on Some Visceral Organs. Med. Sci.

Havas, Magda; Marrongelle, Jeffrey. Original Findings Confirmed in Replication Study:
Provocation with 2.4 GHz Cordless Phone affects the Autonomic Nervous System (ANS) as
measured by Heart Rate Variability (HRV). Medical Research Archives, [S.l.], v. 9, n. 11, nov.
2021.

Mansourian, M., Marateb, H., Nouri, R., & Mansourian, M. (2023). Effects of man-made
electromagnetic fields on heart rate variability parameters of general public: A systematic review
and meta-analysis of experimental studies. Reviews on Environmental Health.
https://doi.org/10.1515/reveh-2022-0191

MISEK, J., VETERNIK, M., TONHAJZEROVA, I., JAKUSOVA, V., JANOUSEK, L., & JAKUS, J.
(2020). Radiofrequency Electromagnetic Field Affects Heart Rate Variability in Rabbits.
Physiological Research, 69(4), 633–643. https://doi.org/10.33549/physiolres.934425

Mohamed, F. A., & Ahmed, A. A. (2011). Study of the Cardiovascular Effects of Exposure to
Electromagnetic Field. 8(1).

Ozguner, F., Altinbas, A., Ozaydin, M., Dogan, A., Vural, H., Kisioglu, A. N., Cesur, G., &
Yildirim, N. G. (2005). Mobile phone-induced myocardial oxidative stress: Protection by a novel
antioxidant agent caffeic acid phenethyl ester. Toxicology and Industrial Health, 21(9), 223–230.
https://doi.org/10.1191/0748233705th228oa

Parizek, D., Visnovcova, N., Hamza Sladicekova, K., Misek, J., Jakus, J., Jakusova, J., Kohan,
M., Visnovcová, Z., Ferencova, N., & Tonhajzerova, I. (2023). Electromagnetic fields—Do they
pose a cardiovascular risk? Physiological Research, 72(2), 199–208.
https://doi.org/10.33549/physiolres.934938

Szmigielski, S., Bortkiewicz, A., Gadzicka, E., Zmyslony, M., & Kubacki, R. (1998). Alteration of
diurnal rhythms of blood pressure and heart rate to workers exposed to radiofrequency
electromagnetic fields. Blood Pressure Monitoring, 3(6), 323–330.

Türedi, S., Hancı, H., Topal, Z., Ünal, D., Mercantepe, T., Bozkurt, İ., Kaya, H., & Odacı, E.
(2015). The effects of prenatal exposure to a 900-MHz electromagnetic field on the 21-day-old
male rat heart. Electromagnetic Biology and Medicine, 34(4), 390–397.
https://doi.org/10.3109/15368378.2014.952742

Vangelova, K., Deyanov, C., & Israel, M. (2006). Cardiovascular risk in operators under
radiofrequency electromagnetic radiation. International Journal of Hygiene and Environmental
Health, 209(2), 133–138. https://doi.org/10.1016/j.ijheh.2005.09.008

Wallace, J., Andrianome, S., Ghosn, R., Blanchard, E. S., Telliez, F., & Selmaoui, B. (2020).
Heart rate variability in healthy young adults exposed to global system for mobile
communication (GSM) 900-MHz radiofrequency signal from mobile phones. Environmental
Research, 191, 110097. https://doi.org/10.1016/j.envres.2020.110097

https://esmed.org/MRA/mra/article/view/2605
https://esmed.org/MRA/mra/article/view/2605
https://esmed.org/MRA/mra/article/view/2605
https://doi.org/10.1515/reveh-2022-0191
https://doi.org/10.1515/reveh-2022-0191
https://doi.org/10.33549/physiolres.934425
https://doi.org/10.1191/0748233705th228oa
https://doi.org/10.1191/0748233705th228oa
https://doi.org/10.33549/physiolres.934938
https://doi.org/10.33549/physiolres.934938
https://doi.org/10.3109/15368378.2014.952742
https://doi.org/10.3109/15368378.2014.952742
https://doi.org/10.1016/j.ijheh.2005.09.008
https://doi.org/10.1016/j.envres.2020.110097


Wilén, J., Hörnsten, R., Sandström, M., Bjerle, P., Wiklund, U., Stensson, O., Lyskov, E., & Mild,
K. H. (2004). Electromagnetic field exposure and health among RF plastic sealer operators.
Bioelectromagnetics, 25(1), 5–15. https://doi.org/10.1002/bem.10154

Ye, W., Wang, F., Zhang, W., Fang, N., Zhao, W., & Wang, J. (2016). Effect of Mobile Phone
Radiation on Cardiovascular Development of Chick Embryo. Anatomia, Histologia, Embryologia,
45(3), 197–208. https://doi.org/10.1111/ahe.12188

Ye, Z., Zhang, Y., Zhang, Y., Yang, S., Liu, M., Wu, Q., Zhou, C., He, P., Gan, X., & Qin, X.
(2023). Mobile phone calls, genetic susceptibility, and new-onset hypertension: Results from
212 046 UK Biobank participants. European Heart Journal - Digital Health, 4(3), 165–174.
https://doi.org/10.1093/ehjdh/ztad024

Zhu, W., Cui, Y., Feng, X., Li, Y., Zhang, W., Xu, J., Wang, H., & Lv, S. (2016). The apoptotic
effect and the plausible mechanism of microwave radiation on rat myocardial cells. Canadian
Journal of Physiology and Pharmacology, 94(8), 849–857.
https://doi.org/10.1139/cjpp-2015-0537

The Eye

Increased sensitivity of the non‐human primate eye to microwave radiation
following ophthalmic drug pretreatment - Kues - 1992

Sleep
Besset D, Selmaoui B, Delanaud S, Bessarion L, Chardon K, de Seze R, Leke A,
Stéphan-Blanchard E. Influence of radiofrequency electromagnetic fields exposure on sleep
patterns in preterm neonates. Int J Radiat Biol. 2023 Nov 16:1-6.

Gaya, A. R., Brum, R., Brites, K., Gaya, A., de Borba Schneiders, L., Duarte Junior, M. A., &
López-Gil, J. F. (2023). Electronic device and social network use and sleep outcomes among
adolescents: The EHDLA study. BMC Public Health, 23(1), 919.
https://doi.org/10.1186/s12889-023-15579-x

Hillert, L., Akerstedt, T., Lowden, A., Wiholm, C., Kuster, N., Ebert, S., Boutry, C., Moffat, S. D.,
Berg, M., & Arnetz, B. B. (2008). The effects of 884 MHz GSM wireless communication signals
on headache and other symptoms: An experimental provocation study. Bioelectromagnetics,
29(3), 185–196. https://doi.org/10.1002/bem.20379

Huber, R., Treyer, V., Borbély, A. A., Schuderer, J., Gottselig, J. M., Landolt, H.-P., Werth, E.,
Berthold, T., Kuster, N., Buck, A., & Achermann, P. (2002). Electromagnetic fields, such as those
from mobile phones, alter regional cerebral blood flow and sleep and waking EEG. Journal of
Sleep Research, 11(4), 289–295. https://doi.org/10.1046/j.1365-2869.2002.00314.x

https://doi.org/10.1002/bem.10154
https://doi.org/10.1111/ahe.12188
https://doi.org/10.1093/ehjdh/ztad024
https://doi.org/10.1093/ehjdh/ztad024
https://doi.org/10.1139/cjpp-2015-0537
https://doi.org/10.1139/cjpp-2015-0537
https://onlinelibrary.wiley.com/doi/abs/10.1002/bem.2250130505
https://onlinelibrary.wiley.com/doi/abs/10.1002/bem.2250130505
https://www.tandfonline.com/doi/abs/10.1080/09553002.2023.2277365
https://www.tandfonline.com/doi/abs/10.1080/09553002.2023.2277365
https://doi.org/10.1186/s12889-023-15579-x
https://doi.org/10.1186/s12889-023-15579-x
https://doi.org/10.1002/bem.20379
https://doi.org/10.1046/j.1365-2869.2002.00314.x


Lowden, A., Åkerstedt, T., Ingre, M., Wiholm, C., Hillert, L., Kuster, N., Nilsson, J. P., & Arnetz,
B. (2011). Sleep after mobile phone exposure in subjects with mobile phone-related symptoms.
Bioelectromagnetics, 32(1), 4–14. https://doi.org/10.1002/bem.20609

Mann, K., & Röschke, J. (1996). Effects of pulsed high-frequency electromagnetic fields on
human sleep. Neuropsychobiology, 33(1), 41–47. https://doi.org/10.1159/000119247

Martel, J., Chang, S.-H., Chevalier, G., Ojcius, D. M., & Young, J. D. (2023). Influence of
electromagnetic fields on the circadian rhythm: Implications for human health and disease.
Biomedical Journal, 46(1), 48–59. https://doi.org/10.1016/j.bj.2023.01.003

Regel, S. J., Tinguely, G., Schuderer, J., Adam, M., Kuster, N., Landolt, H.-P., & Achermann, P.
(2007). Pulsed radio-frequency electromagnetic fields: Dose-dependent effects on sleep, the
sleep EEG and cognitive performance. Journal of Sleep Research, 16(3), 253–258.
https://doi.org/10.1111/j.1365-2869.2007.00603.x

Schmid, M. R., Murbach, M., Lustenberger, C., Maire, M., Kuster, N., Achermann, P., &
Loughran, S. P. (2012). Sleep EEG alterations: Effects of pulsed magnetic fields versus
pulse-modulated radio frequency electromagnetic fields. Journal of Sleep Research, 21(6),
620–629. https://doi.org/10.1111/j.1365-2869.2012.01025.x

Medical applications
Full article: Non-thermal membrane effects of electromagnetic fields and therapeutic
applications in oncology
Non-thermal effects of radiofrequency electromagnetic fields | Scientific Reports
Radiofrequency Electromagnetic Fields Cause Non-Temperature-Induced Physical and
Biological Effects in Cancer Cells

Flora and Fauna

REVIEWS

Jérémy S. P. Froidevaux, Laura Recuero Virto, Marek Czerwiński, Arno Thielens, and Kirsty J.
Park Addressing Wildlife Exposure to Radiofrequency Electromagnetic Fields: Time for Action
Environmental Science & Technology Letters, 2024, 11, 1, 3–4

Balmori A. (2024) Radio-tracking systems emit pulsed waves that could affect the health and
alter the orientation of animals, Journal for Nature Conservation Volume 77, January

Balmori A. (2021) Electromagnetic radiation as an emerging driver factor for the decline of
insects. Science of the Total Environment. 767: 144913

Balmori, A. (2015). Anthropogenic radiofrequency electromagnetic fields as an emerging threat
to wildlife orientation. Science of The Total Environment, 518–519, 58–60.

https://doi.org/10.1002/bem.20609
https://doi.org/10.1159/000119247
https://doi.org/10.1016/j.bj.2023.01.003
https://doi.org/10.1111/j.1365-2869.2007.00603.x
https://doi.org/10.1111/j.1365-2869.2007.00603.x
https://doi.org/10.1111/j.1365-2869.2012.01025.x
https://www.tandfonline.com/doi/full/10.1080/02656736.2021.1914354
https://www.tandfonline.com/doi/full/10.1080/02656736.2021.1914354
https://doi.org/10.1038/s41598-020-69561-3
https://pubmed.ncbi.nlm.nih.gov/36358768/
https://pubmed.ncbi.nlm.nih.gov/36358768/
https://pubs.acs.org/doi/10.1021/acs.estlett.3c00795#:~:text=Third%2C%20technical%20adjustments%20such%20as,effectiveness%20should%20first%20be%20tested.
https://www.sciencedirect.com/science/article/pii/S1617138123001917
https://www.sciencedirect.com/science/article/pii/S1617138123001917
https://www.sciencedirect.com/journal/journal-for-nature-conservation/vol/77/suppl/C
https://www.sciencedirect.com/science/article/abs/pii/S0048969720384461?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0048969720384461?via%3Dihub
https://doi.org/10.1016/j.scitotenv.2015.02.077
https://doi.org/10.1016/j.scitotenv.2015.02.077
https://doi.org/10.1016/j.scitotenv.2015.02.077


Balmori A. (2014). Electrosmog and species conservation. Science of The Total Environment,
496:314-316

Balmori A. Radiotelemetry and wildlife: Highlighting a gap in the knowledge on radiofrequency
radiation effects. Sci Total Environ. 2016 Feb 1;543

Balmori A. Electromagnetic pollution from phone masts. Effects on wildlife. Pathophysiology.
2009 Aug;16(2-3):191-9

Balmori, A. The incidence of electromagnetic pollution on wild mammals: A new “poison” with a
slow effect on nature?. Environmentalist 30, 90–97 (2010).

Cucurachi, S., Tamis, W. L. M., Vijver, M. G., Peijnenburg, W. J. G. M., Bolte, J. F. B., & de
Snoo, G. R. (2013). A review of the ecological effects of radiofrequency electromagnetic fields
(RF-EMF). Environment International, 51, 116–140.

Klune J, Arhant C, Windschnurer I, Heizmann V, Schauberger G. Tracking Devices for Pets: Health Risk Assessment
for Exposure to Radiofrequency Electromagnetic Fields. Animals. 2021; 11(9):2721.
https://doi.org/10.3390/ani11092721

Thill A, Cammaerts MC, Balmori A. Biological effects of electromagnetic fields on insects: a
systematic review and meta-analysis. Rev Environ Health. 2023 Nov 23

Levitt BB, Lai HC and Manville AM II (2022) Low-level EMF effects on wildlife and plants: What
research tells us about an ecosystem approach. Front. Public Health 10:1000840. doi:
10.3389/fpubh.2022.1000840

Levitt, B. B., Lai, H. C., & Manville, A. M. (2021a). Effects of non-ionizing electromagnetic fields
on flora and fauna, part 1. Rising ambient EMF levels in the environment. Reviews on
Environmental Health, 37(1), 81–122.

Levitt, B. B., Lai, H. C., & Manville, A. M. (2021b). Effects of non-ionizing electromagnetic fields
on flora and fauna, Part 2 impacts: How species interact with natural and man-made EMF.
Reviews on Environmental Health, 37(3), 327–406.

Levitt, B. B., Lai, H. C., & Manville, A. M. (2021). Effects of non-ionizing electromagnetic fields
on flora and fauna, Part 3. Exposure standards, public policy, laws, and future directions.
Reviews on Environmental Health.

Manville AM II, Levitt BB and Lai HC (2024) Health and environmental effects to wildlife from
radio telemetry and tracking devices—state of the science and best management practices.
Front. Vet. Sci. 11:1283709.

https://www.sciencedirect.com/science/article/abs/pii/S0048969714010912?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0048969715310548?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0048969715310548?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0928468009000030?via%3Dihub
https://link.springer.com/article/10.1007/s10669-009-9248-y
https://link.springer.com/article/10.1007/s10669-009-9248-y
https://doi.org/10.1016/j.envint.2012.10.009
https://doi.org/10.1016/j.envint.2012.10.009
https://doi.org/10.1016/j.envint.2012.10.009
https://doi.org/10.3390/ani11092721
https://www.degruyter.com/document/doi/10.1515/reveh-2023-0072/html
https://www.degruyter.com/document/doi/10.1515/reveh-2023-0072/html
https://www.frontiersin.org/articles/10.3389/fpubh.2022.1000840/full#.Y4BW1VF7NQw.twitter
https://www.frontiersin.org/articles/10.3389/fpubh.2022.1000840/full#.Y4BW1VF7NQw.twitter
https://doi.org/10.1515/reveh-2021-0026
https://doi.org/10.1515/reveh-2021-0026
https://doi.org/10.1515/reveh-2021-0026
https://doi.org/10.1515/reveh-2021-0050
https://doi.org/10.1515/reveh-2021-0050
https://doi.org/10.1515/reveh-2021-0050
https://doi.org/10.1515/reveh-2021-0083
https://doi.org/10.1515/reveh-2021-0083
https://doi.org/10.1515/reveh-2021-0083
https://www.frontiersin.org/articles/10.3389/fvets.2024.1283709/full
https://www.frontiersin.org/articles/10.3389/fvets.2024.1283709/full


Sivani, S, and D. Sudarsanam. (2012): "Impacts of radio-frequency electromagnetic field
(RF-EMF) from cell phone towers and wireless devices on biosystem and ecosystem-a review."
Biology and Medicine 4, no. 4 202-216.

Zhen C, Zhang G, Wang S, Wang J, Fang Y, Shang P. Electromagnetic fields regulate iron
metabolism in living organisms: A review of effects and mechanism. Prog Biophys Mol
Biol. 2024 Mar 4;188:43-54.

BIRDS

Augustianath, T., Evans, D. A., & Anisha, G. S. (2023). Teratogenic effects of radiofrequency
electromagnetic radiation on the embryonic development of chick: A study on morphology and
hatchability. Research in veterinary science, 159, 93–100.

Balmori A. (2022). Corneal opacity in Northern Bald Ibises (Geronticus eremita) equipped with
radio transmitters. Electromagnetic Biol Med.174-176.

Alfonso Balmori (2005) Possible Effects of Electromagnetic Fields from Phone Masts on a
Population of White Stork (Ciconia ciconia), Electromagnetic Biology and Medicine, 24:2,
109-119

Balmori A, Hallberg O. The urban decline of the house sparrow (Passer domesticus): a possible
link with electromagnetic radiation. Electromagn Biol Med. 2007;26(2):141-51.

Engels, S.; Schneider, N.L.; Lefeldt, N.; Hein, C.M.; Zapka, M.; Michalik, A.; Elbers, D.; Kittel, A.;
Hore, P.J.; Mouritsen, H. Anthropogenic electromagnetic noise disrupts magnetic compass
orientation in a migratory bird. Nature 2014, 509, 353–356.

Everaert, J.; Bauwens, D. A possible effect of electromagnetic radiation from mobile phone base
stations on the number of breeding house sparrows (Passer domesticus). Electromagn. Biol.
Med.2007, 26, 63–72.

Islam, M. S., Islam, M. M., Rahman, M. M., & Islam, K. (2023). 4G mobile phone radiation alters
some immunogenic and vascular gene expressions, and gross and microscopic and
biochemical parameters in the chick embryo model. Veterinary medicine and science,
10.1002/vms3.1273. Advance online publication.

Leberecht, B., Wong, S. Y., Satish, B., Döge, S., Hindman, J., Venkatraman, L., Apte, S., Haase,
K., Musielak, I., Dautaj, G., Solov'yov, I. A., Winklhofer, M., Mouritsen, H., & Hore, P. J. (2023).
Upper bound for broadband radiofrequency field disruption of magnetic compass orientation in
night-migratory songbirds. Proceedings of the National Academy of Sciences of the United
States of America, 120(28), e2301153120.

https://www.walshmedicalmedia.com/open-access/impacts-of-radiofrequency-electromagnetic-field-rfemf-from-cell-phone-towers-and-wireless-devices-on-biosystem-and-ecosystem-a-review-0974-8369-4-179.pdf
https://www.walshmedicalmedia.com/open-access/impacts-of-radiofrequency-electromagnetic-field-rfemf-from-cell-phone-towers-and-wireless-devices-on-biosystem-and-ecosystem-a-review-0974-8369-4-179.pdf
https://www.sciencedirect.com/science/article/pii/S0079610724000233?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0079610724000233?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/37104994/
https://pubmed.ncbi.nlm.nih.gov/37104994/
https://pubmed.ncbi.nlm.nih.gov/37104994/
https://www.tandfonline.com/doi/abs/10.1080/15368378.2022.2046046?journalCode=iebm20
https://www.tandfonline.com/doi/abs/10.1080/15368378.2022.2046046?journalCode=iebm20
https://www.tandfonline.com/doi/abs/10.1080/15368370500205472
https://www.tandfonline.com/doi/abs/10.1080/15368370500205472
https://www.tandfonline.com/doi/abs/10.1080/15368370701410558
https://www.tandfonline.com/doi/abs/10.1080/15368370701410558
https://www.nature.com/articles/nature13290
https://www.nature.com/articles/nature13290
https://www.tandfonline.com/doi/abs/10.1080/15368370701205693
https://www.tandfonline.com/doi/abs/10.1080/15368370701205693
https://pubmed.ncbi.nlm.nih.gov/37725264/
https://pubmed.ncbi.nlm.nih.gov/37725264/
https://pubmed.ncbi.nlm.nih.gov/37725264/
https://www.pnas.org/doi/epdf/10.1073/pnas.2301153120
https://www.pnas.org/doi/epdf/10.1073/pnas.2301153120


Fernie, K. J., & Reynolds, S. J. (2005). The effects of electromagnetic fields from power lines on
avian reproductive biology and physiology: A review. Journal of Toxicology and Environmental
Health. Part B, Critical Reviews, 8(2), 127–140.

Fernie, K.J.; Bird, D.M. Evidence of oxidative stress in American kestrels exposed to
electromagnetic fields. Environ. Res. A 2001, 86, 198–207.

Muheim, R., & Phillips, J. B. (2023). Effects of low-level RF fields reveal complex pattern of
magnetic input to the avian magnetic compass. Scientific reports, 13(1), 19970.

Schwarze, S., Schneider, N.-L., Reichl, T., Dreyer, D., Lefeldt, N., Engels, S., Baker, N., Hore, P.
J., & Mouritsen, H. (2016). Weak Broadband Electromagnetic Fields are More Disruptive to
Magnetic Compass Orientation in a Night-Migratory Songbird (Erithacus rubecula) than Strong
Narrow-Band Fields. Frontiers in Behavioral Neuroscience, 10.

Sheridan, E.; Randolet, J.; DeVault, T.L.; Seamans, T.W.; Blackwell, B.F.; Fernández-Juricic, E.
The effects of radar on avian behavior: Implications for wildlife management at airports. Appl.
Anim. Behav. Sci. 2015, 171, 241–252.

Shende, V.A.; Patil, K.G. Electromagnetic radiations: A possible impact on population of house
sparrow (Passer Domesticus). Eng. Int. 2015, 3, 45–52.

Surendran, N.S.; Siddiqui, N.A.; Mondal, P.; Nandan, A. Repercussion of electromagnetic
radiation from cell towers/mobiles and their impact on migratory birds. In Advances in Air
Pollution Profiling and Control; Springer: Singapore, 2020; pp. 193–202.

Tonelli, B. A., Youngflesh, C., & Tingley, M. W. (2023). Geomagnetic disturbance associated with
increased vagrancy in migratory landbirds. Scientific Reports, 13(1), Article 1.

Wiltschko, R., Thalau, P., Gehring, D., Nießner, C., Ritz, T., & Wiltschko, W. (2015).
Magnetoreception in birds: The effect of radio-frequency fields. Journal of The Royal Society
Interface, 12(103), 20141103.

INSECTS

A. Lázaro, A. Chroni, T. Tscheulin, J. Devalez, C. Matsoukas, & T. Petanidou. (2016).
Electromagnetic radiation of mobile telecommunication antennas affects the abundance and
composition of wild pollinators. Journal of Insect Conservation, 20(2), 315–324.
https://doi.org/10.1007/s10841-016-9868-8

Adelaja, O. J., Ande, A. T., Abdulraheem, G. D., Oluwakorode, I. A., Oladipo, O. A., &
Oluwajobi, A. O. (2021). Distribution, diversity and abundance of some insects around a

https://doi.org/10.1080/10937400590909022
https://doi.org/10.1080/10937400590909022
https://doi.org/10.1080/10937400590909022
https://www.sciencedirect.com/science/article/abs/pii/S001393510194263X
https://www.sciencedirect.com/science/article/abs/pii/S001393510194263X
https://pubmed.ncbi.nlm.nih.gov/37968316/
https://pubmed.ncbi.nlm.nih.gov/37968316/
https://www.frontiersin.org/articles/10.3389/fnbeh.2016.00055
https://www.frontiersin.org/articles/10.3389/fnbeh.2016.00055
https://www.frontiersin.org/articles/10.3389/fnbeh.2016.00055
https://www.sciencedirect.com/science/article/abs/pii/S0168159115001914
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=86d4e9d4bdc534978e5f2db430a6b439b3b29a96
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=86d4e9d4bdc534978e5f2db430a6b439b3b29a96
https://link.springer.com/chapter/10.1007/978-981-15-0954-4_12
https://link.springer.com/chapter/10.1007/978-981-15-0954-4_12
https://doi.org/10.1038/s41598-022-26586-0
https://doi.org/10.1038/s41598-022-26586-0
https://doi.org/10.1038/s41598-022-26586-0
https://doi.org/10.1098/rsif.2014.1103
https://doi.org/10.1098/rsif.2014.1103
https://doi.org/10.1007/s10841-016-9868-8
https://doi.org/10.1007/s10841-016-9868-8
https://doi.org/10.1007/s10841-016-9868-8
https://doi.org/10.1007/s10841-016-9868-8
https://doi.org/10.1186/s42269-021-00683-y


telecommunication mast in Ilorin, Kwara State, Nigeria. Bulletin of the National Research
Centre, 45(1), 222.

Balmori A. (2021) Electromagnetic radiation as an emerging driver factor for the decline of
insects. Science of the Total Environment. 767: 144913

Borre, E. D., Joseph, W., Aminzadeh, R., Müller, P., Boone, M. N., Josipovic, I., Hashemizadeh,
S., Kuster, N., Kühn, S., & Thielens, A. (2021). Radio-frequency exposure of the yellow fever
mosquito (A. aegypti) from 2 to 240 GHz. PLOS Computational Biology, 17(10), e1009460.

Cappucci, Ugo, Assunta Maria Casale, Mirena Proietti, Fiorenzo Marinelli, Livio Giuliani, and
Lucia Piacentini. 2022. Wi-Fi Related Radiofrequency Electromagnetic Fields Promote
Transposable Element Dysregulation and Genomic Instability in Drosophila melanogaster, Cells
11, no. 24: 4036. https://doi.org/10.3390/cells11244036

De Paepe S, De Borre E, Toribio Carvajal D, Bell D, Thielens A. (2022) Pilot study of a new
methodology to study the development of the blue bottle fly (Calliphora vomitoria) under
exposure to radio-frequency electromagnetic fields at 5.4 GHz. Int J Radiat Biol. Aug 24:1-17

Thill A, Cammaerts MC, Balmori A. Biological effects of electromagnetic fields on insects: a
systematic review and meta-analysis. Rev Environ Health. 2023 Nov 23

Favre, D. (2011). Mobile phone-induced honeybee worker piping. Apidologie, 42(3), 270–279.

Fedele, G., Edwards, M. D., Bhutani, S., Hares, J. M., Murbach, M., Green, E. W., Dissel, S.,
Hastings, M. H., Rosato, E., & Kyriacou, C. P. (2014). Genetic analysis of circadian responses to
low frequency electromagnetic fields in Drosophila melanogaster. PLoS Genetics, 10(12),
e1004804.

Lee, K.-S., Choi, J.-S., Hong, S.-Y., Son, T.-H., & Yu, K. (2008). Mobile phone electromagnetic
radiation activates MAPK signaling and regulates viability in Drosophila. Bioelectromagnetics,
29(5), 371–379.

Li, S.-S., Zhang, Z.-Y., Yang, C.-J., Lian, H.-Y., & Cai, P. (2013). Gene expression and
reproductive abilities of male Drosophila melanogaster subjected to ELF-EMF exposure.
Mutation Research. Genetic Toxicology and Environmental Mutagenesis, 758(1–2), 95–103.

Lopatina, N. G., Zachepilo, T. G., Kamyshev, N. G., Dyuzhikova, N. A., & Serov, I. N. (2019).
Effect of Non-Ionizing Electromagnetic Radiation on Behavior of the Honeybee, Apis mellifera L.
(Hymenoptera, Apidae). Entomological Review, 99(1), 24–29.

Lupi, D., Tremolada, P., Colombo, M., …, Zambon, G., & Vighi, M. (2020). Effects of Pesticides
23 and Electromagnetic Fields on Honeybees: A Field Study Using Biomarkers. Int J Environ
Res 24 14, 107–122.

https://doi.org/10.1186/s42269-021-00683-y
https://doi.org/10.1186/s42269-021-00683-y
https://www.sciencedirect.com/science/article/abs/pii/S0048969720384461?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0048969720384461?via%3Dihub
https://doi.org/10.1371/journal.pcbi.1009460
https://doi.org/10.1371/journal.pcbi.1009460
https://www.mdpi.com/2073-4409/11/24/4036
https://www.mdpi.com/2073-4409/11/24/4036
https://www.tandfonline.com/doi/abs/10.1080/09553002.2022.2113838?journalCode=irab20
https://www.tandfonline.com/doi/abs/10.1080/09553002.2022.2113838?journalCode=irab20
https://www.tandfonline.com/doi/abs/10.1080/09553002.2022.2113838?journalCode=irab20
https://www.degruyter.com/document/doi/10.1515/reveh-2023-0072/html
https://www.degruyter.com/document/doi/10.1515/reveh-2023-0072/html
https://doi.org/10.1007/s13592-011-0016-x
https://doi.org/10.1007/s13592-011-0016-x
https://doi.org/10.1371/journal.pgen.1004804
https://doi.org/10.1371/journal.pgen.1004804
https://doi.org/10.1371/journal.pgen.1004804
https://doi.org/10.1002/bem.20395
https://doi.org/10.1002/bem.20395
https://doi.org/10.1016/j.mrgentox.2013.10.004
https://doi.org/10.1016/j.mrgentox.2013.10.004
https://doi.org/10.1016/j.mrgentox.2013.10.004
https://doi.org/10.1134/S0013873819010032
https://doi.org/10.1134/S0013873819010032
https://doi.org/10.1134/S0013873819010032
https://doi.org/10.1007/s41742-019-00242-4
https://doi.org/10.1007/s41742-019-00242-4


Lupi, D., Palamara Mesiano, M., Adani, A., Benocci, R., Giacchini, R., Parenti, P., Zambon, G.,
Lavazza, A., Boniotti, M. B., Bassi, S., Colombo, M., & Tremolada, P. (2021a). Combined Effects
of Pesticides and Electromagnetic-Fields on Honeybees: Multi-Stress Exposure. Insects, 12(8),
716.

Manta, A. K., Papadopoulou, D., Polyzos, A. P., Fragopoulou, A. F., Skouroliakou, A. S.,
Thanos, D., Stravopodis, D. J., & Margaritis, L. H. (2017). Mobile-phone radiation-induced
perturbation of gene-expression profiling, redox equilibrium and sporadic-apoptosis control in
the ovary of Drosophila melanogaster. Fly, 11(2), 75–95.

Mahmoud EA and Gabarty A (2021) "Impact of Electromagnetic Radiation on Honey Stomach
Ultrastructure and the Body Chemical Element Composition of Apis mellifera," African
Entomology 29(1), 32-41, (23 March).

Molina-Montenegro MA, Acuña-Rodríguez IS, Ballesteros GI, Baldelomar M, Torres-Díaz C,
Broitman BR, Vázquez DP. (2023) Electromagnetic fields disrupt the pollination service by
honeybees. Sci Adv. May 12;9(19)

Migdał, P., Berbeć, E., Bieńkowski, P., Plotnik, M., Murawska, A., & Latarowski, K. (2022b).
Exposure to Magnetic Fields Changes the Behavioral Pattern in Honeybees (Apis mellifera L.)
under Laboratory Conditions. Animals: An Open Access Journal from MDPI, 12(7), 855.

Manuel Reategui-Inga, Eli Morales Rojas, Daniel Tineo, Marcelino Jorge Araníbar-Araníbar,
Wilfredo Alva Valdiviezo, Casiano Aguirre Escalante and Sandro Junior Ruiz Castre, 2023.
Effects of Artificial Electromagnetic Fields on Bees: A Global Review. Pakistan Journal of
Biological Sciences, 26: 23-32.

Migdal, P., Bieńkowski, P., Cebrat, M., Berbeć, E., Plotnik, M., Murawska, A., Sobkiewicz, P.,
Łaszkiewicz, A., & Latarowski, K. (2023). Exposure to a 900 MHz electromagnetic field induces
a response of the honey bee organism on the level of enzyme activity and the expression of
stress-related genes. PloS one, 18(5), e0285522.

Nikita, Grover, A., Kalia, P., Sinha, R., & Garg, P. (2022). Colony collapse disorder: A peril to
apiculture. Journal of Applied and Natural Science, 14(3), 729–739.
https://doi.org/10.31018/jans.v14i3.3502

Nik Abdull Halim NMH, Mohd Jamili AF, Che Dom N, Abd Rahman NH, Jamal Kareem Z,
Dapari R. The impact of radiofrequency exposure on Aedes aegypti (Diptera: Culicidae)
development. PLoS One. 2024 Feb 27;19(2):e0298738.

https://doi.org/10.3390/insects12080716
https://doi.org/10.3390/insects12080716
https://doi.org/10.3390/insects12080716
https://doi.org/10.1080/19336934.2016.1270487
https://doi.org/10.1080/19336934.2016.1270487
https://doi.org/10.1080/19336934.2016.1270487
https://doi.org/10.1080/19336934.2016.1270487
https://doi.org/10.4001/003.029.0032
https://doi.org/10.4001/003.029.0032
https://www.science.org/doi/10.1126/sciadv.adh1455
https://www.science.org/doi/10.1126/sciadv.adh1455
https://doi.org/10.3390/ani12070855
https://doi.org/10.3390/ani12070855
https://doi.org/10.3390/ani12070855
https://scialert.net/abstract/?doi=pjbs.2023.23.32
https://pubmed.ncbi.nlm.nih.gov/37172069/
https://pubmed.ncbi.nlm.nih.gov/37172069/
https://pubmed.ncbi.nlm.nih.gov/37172069/
https://journals.ansfoundation.org/index.php/jans/article/view/3502
https://journals.ansfoundation.org/index.php/jans/article/view/3502
https://doi.org/10.31018/jans.v14i3.3502
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0298738
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0298738


Odemer, R., & Odemer, F. (2019). Effects of radiofrequency electromagnetic radiation (RF-EMF)
on honey bee queen development and mating success. Science of The Total Environment, 661,
553–562.

Panagopoulos DJ. Effect of microwave exposure on the ovarian development of Drosophila
melanogaster. Cell Biochem Biophys. 2012 Jun;63(2):121-32.

Panagopoulos DJ, Karabarbounis A, Lioliousis C. ELF alternating magnetic field decreases
reproduction by DNA damage induction. Cell Biochem Biophys. 2013 Nov;67(2):703-16. doi:
10.1007/s12013-013-9560-5. PMID: 23526156.

Piechowicz B, Sadło S, Woś I, Białek J, Depciuch J, Podbielska M, Szpyrka E, Kozioł K,
Piechowicz I, Koziorowska A. Treating honey bees with an extremely low frequency
electromagnetic field and pesticides: Impact on the rate of disappearance of
azoxystrobin and λ-cyhalothrin and the structure of some functional groups of the
probabilistic molecules. Environ Res. 2020 Nov;190:109989

Dimitris J. Panagopoulos, Andreas Karabarbounis & Lukas H. Margaritis (2004) Effect of GSM
900-MHz Mobile Phone Radiation on the Reproductive Capacity of Drosophila melanogaster,
Electromagnetic Biology and Medicine, 23:1, 29-43

Santhosh Kumar, S. (2018). Colony Collapse Disorder (CCD) in Honey BeesCaused by EMF
Radiation. Bioinformation, 14(9), 421–424.

Shepherd S, Lima MAP, Oliveira EE, Sharkh SM, Jackson CW, Newland PL. Extremely Low
Frequency Electromagnetic Fields impair the Cognitive and Motor Abilities of Honey Bees. Sci
Rep. 2018 May 21;8(1):7932.

Thielens, A., Bell, D., Mortimore, D. B., Greco, M. K., Martens, L., & Joseph, W. (2018).
Exposure of Insects to Radio-Frequency Electromagnetic Fields from 2 to 120 GHz. Scientific
Reports, 8(1), 3924.

Thielens A, Greco MK, Verloock L, Martens L, Joseph W. Radio-Frequency Electromagnetic
Field Exposure of Western Honey Bees. Scientific Reports. 2020 Jan 16;10(1):461.

Treder M, Müller M, Fellner L, Traynor K, Rosenkranz P. Defined exposure of honey bee
colonies to simulated radiofrequency electromagnetic fields (RF-EMF): Negative effects
on the homing ability, but not on brood development or longevity. Sci Total Environ. 2023
Oct 20;896:165211.

V. Jeladze, A. Thielens, T. Nozadze, G. Korkotadze, B. Partsvania and R. Zaridze, "Estimation
of the Specific Absorption Rate for a Honey bee Exposed to Radiofrequency Electromagnetic

https://doi.org/10.1016/j.scitotenv.2019.01.154
https://doi.org/10.1016/j.scitotenv.2019.01.154
https://link.springer.com/article/10.1007/s12013-012-9347-0
https://link.springer.com/article/10.1007/s12013-012-9347-0
https://link.springer.com/article/10.1007/s12013-013-9560-5
https://link.springer.com/article/10.1007/s12013-013-9560-5
https://linkinghub.elsevier.com/retrieve/pii/S0013935120308860
https://linkinghub.elsevier.com/retrieve/pii/S0013935120308860
https://linkinghub.elsevier.com/retrieve/pii/S0013935120308860
https://linkinghub.elsevier.com/retrieve/pii/S0013935120308860
https://www.tandfonline.com/doi/full/10.1081/JBC-120039350
https://www.tandfonline.com/doi/full/10.1081/JBC-120039350
https://doi.org/10.6026/97320630014521
https://doi.org/10.6026/97320630014521
https://doi.org/10.6026/97320630014521
https://www.nature.com/articles/s41598-018-26185-y
https://www.nature.com/articles/s41598-018-26185-y
https://doi.org/10.1038/s41598-018-22271-3
https://doi.org/10.1038/s41598-018-22271-3
https://www.nature.com/articles/s41598-019-56948-0
https://www.nature.com/articles/s41598-019-56948-0
https://www.sciencedirect.com/science/article/pii/S0048969723038342?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0048969723038342?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0048969723038342?via%3Dihub
https://ieeexplore.ieee.org/document/10269454
https://ieeexplore.ieee.org/document/10269454


Fields from 2.5 to 100 GHz," 2023 IEEE XXVIII International Seminar/Workshop on Direct and
Inverse Problems of Electromagnetic and Acoustic Wave Theory (DIPED), Tbilisi, Georgia,
2023, pp. 180-185

Wang, Y., Jiang, Z., Zhang, L., Zhang, Z., Liao, Y., & Cai, P. (2022b). 3.5-GHz radiofrequency
electromagnetic radiation promotes the development of Drosophila melanogaster.
Environmental Pollution (Barking, Essex: 1987), 294, 118646.

Wang, Y., Zhang, H., Zhang, Z., Sun, B., Tang, C., Zhang, L., Jiang, Z., Ding, B., Liao, Y., & Cai,
P. (2021). Simulated mobile communication frequencies (3.5 GHz) emitted by a signal generator
affects the sleep of Drosophila melanogaster. Environmental Pollution (Barking, Essex: 1987),
283, 117087.

Wyszkowska J, Maliszewska J, Gas P. Metabolic and Developmental Changes in Insects as
Stress-Related Response to Electromagnetic Field Exposure. Applied Sciences. 2023;
13(17):9893.

Wyszkowska J, Kobak J, Aonuma H. (2023). Electromagnetic field exposure affects the calling
song, phonotaxis, and level of biogenic amines in crickets. Environ Sci Pollut Res Int.

PLANTS

Aikaterina L. Stefi, Dido Vassilacopoulou, Lukas H. Margaritis, Nikolaos S. Christodoulakis,
(2018) Oxidative stress and an animal neurotransmitter synthesizing enzyme in the leaves of
wild growing myrtle after exposure to GSM radiation, June

Valdis Balodis, Guntis Brūmelis, Kārlis Kalviškis, Oļg̀erts Nikodemus ,Didzis Tjarve,Vija Znotiņa,
(1996) Does the Skrunda Radio Location Station diminish the radial growth of pine trees?
Science of The Total Environment

Abdelhaliem, E., Abdalla, H. M., Bolbol, A. A., & Shehata, R. S. (2023). Assessment of protein
and DNA polymorphisms in corn (Zea mays) under the effect of non-ionizing electromagnetic
radiation. Caryologia, 75(4).

Halgamuge, M. N., & Davis, D. (2019). Lessons learned from the application of machine
learning to studies on plant response to radio-frequency. Environmental research, 178, 108634.

Halgamuge, M. N. (2017). Review: Weak radiofrequency radiation exposure from mobile phone
radiation on plants. Electromagnetic Biology and Medicine, 36(2), 213–235.

Halgamuge, M. N., Yak, S. K., & Eberhardt, J. L. (2015). Reduced growth of soybean seedlings
after exposure to weak microwave radiation from GSM 900 mobile phone and base station.
Bioelectromagnetics, 36(2), 87–95.

https://ieeexplore.ieee.org/document/10269454
https://doi.org/10.1016/j.envpol.2021.118646
https://doi.org/10.1016/j.envpol.2021.118646
https://doi.org/10.1016/j.envpol.2021.118646
https://doi.org/10.1016/j.envpol.2021.117087
https://doi.org/10.1016/j.envpol.2021.117087
https://www.mdpi.com/2076-3417/13/17/9893
https://www.mdpi.com/2076-3417/13/17/9893
https://doi.org/10.1007/s11356-023-28981-0
https://doi.org/10.1007/s11356-023-28981-0
https://www.sciencedirect.com/science/article/abs/pii/S0367253018301208?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0367253018301208?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0048969795049207?via%3Dihub
https://riviste.fupress.net/index.php/caryologia/article/view/1716
https://riviste.fupress.net/index.php/caryologia/article/view/1716
https://riviste.fupress.net/index.php/caryologia/article/view/1716
https://www.sciencedirect.com/science/article/abs/pii/S0013935119304311
https://www.sciencedirect.com/science/article/abs/pii/S0013935119304311
https://doi.org/10.1080/15368378.2016.1220389
https://doi.org/10.1080/15368378.2016.1220389
https://doi.org/10.1080/15368378.2016.1220389
https://doi.org/10.1002/BEM.21890
https://doi.org/10.1002/BEM.21890
https://doi.org/10.1002/BEM.21890


Handa AP, Vian A, Singh HP, Kohli RK, Kaur S, Batish DR. Effect of 2850 MHz
electromagnetic field radiation on the early growth, antioxidant activity, and secondary
metabolite profile of red and green cabbage (Brassica oleracea L.). Environ Sci Pollut
Res Int. 2023 Dec 30.

Haggerty, K. (2010). Adverse Influence of Radio Frequency Background on Trembling Aspen
Seedlings: Preliminary Observations. International Journal of Forestry Research, 836278.

Kaur, S., Vian, A., Chandel, S., Singh, D. H., Batish, D., & Kohli, R. (2021). Sensitivity of plants
to high frequency electromagnetic radiation: Cellular mechanisms and morphological changes.
Reviews in Environmental Science and Bio/Technology, 20.

Marek Czerwiński, Alain Vian, Ben A. Woodcock, Piotr Goliński, Laura Recuero Virto, Łukasz
Januszkiewicz. (2023). Do electromagnetic fields used in telecommunications affect wild plant
species? A control impact study conducted in the field. Ecological Indicators. Volume 150.
110267.

Sharma A, Sharma S, Bahel S, Katnoria JK. A study on effects of cell phone
tower-emitted non-ionizing radiations in an Allium cepa test system. Environ Monit
Assess. 2024 Feb 13;196(3):261. doi: 10.1007/s10661-024-12435-2. PMID: 38349609.

Sharma, S., Sharma, P., Bahel, S. et al. Comprehensive analysis of genotoxic effects and
antioxidative defence mechanisms in plant test system exposed to 1800 MHz electromagnetic
radiations: a root chromosomal aberration and FTIR spectroscopy approach. Toxicol. Environ.
Health Sci. (2023).

Soran, M.-L., Stan, M., Niinemets, Ü., & Copolovici, L. (2014). Influence of microwave frequency
electromagnetic radiation on terpene emission and content in aromatic plants. Journal of Plant
Physiology, 171(15), 1436–1443.

Stefi, A. L., Margaritis, L. H., & Christodoulakis, N. S. (2016). The effect of the non ionizing
radiation on cultivated plants of Arabidopsis thaliana (Col.). Flora, 223, 114–120.

Tran, N. T., Jokic, L., Keller, J., Geier, J. U., & Kaldenhoff, R. (2023). Impacts of
Radio-Frequency Electromagnetic Field (RF-EMF) on Lettuce (Lactuca sativa)-Evidence for
RF-EMF Interference with Plant Stress Responses. Plants (Basel, Switzerland), 12(5), 1082.

Waldmann-Selsam, C., Balmori-de la Puente, A., Breunig, H., & Balmori, A. (2016).
Radiofrequency radiation injures trees around mobile phone base stations. Science of The Total
Environment, 572, 554–569.

https://link.springer.com/article/10.1007/s11356-023-31434-3
https://link.springer.com/article/10.1007/s11356-023-31434-3
https://link.springer.com/article/10.1007/s11356-023-31434-3
https://doi.org/10.1155/2010/836278
https://doi.org/10.1155/2010/836278
https://doi.org/10.1155/2010/836278
https://doi.org/10.1007/s11157-020-09563-9
https://doi.org/10.1007/s11157-020-09563-9
https://doi.org/10.1007/s11157-020-09563-9
https://www.sciencedirect.com/science/article/pii/S1470160X23004090?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1470160X23004090?via%3Dihub
https://link.springer.com/article/10.1007/s10661-024-12435-2
https://link.springer.com/article/10.1007/s10661-024-12435-2
https://link.springer.com/article/10.1007/s13530-023-00190-9
https://link.springer.com/article/10.1007/s13530-023-00190-9
https://link.springer.com/article/10.1007/s13530-023-00190-9
https://doi.org/10.1016/j.jplph.2014.06.013
https://doi.org/10.1016/j.jplph.2014.06.013
https://doi.org/10.1016/j.jplph.2014.06.013
https://doi.org/10.1016/j.flora.2016.05.008
https://doi.org/10.1016/j.flora.2016.05.008
https://doi.org/10.1016/j.flora.2016.05.008
https://pubmed.ncbi.nlm.nih.gov/36903942/
https://pubmed.ncbi.nlm.nih.gov/36903942/
https://pubmed.ncbi.nlm.nih.gov/36903942/
https://doi.org/10.1016/j.scitotenv.2016.08.045


Marek Czerwiński, Łukasz Januszkiewicz, Alain Vian, Amparo Lázaro, (2020) The influence of
bioactive mobile telephony radiation at the level of a plant community – Possible mechanisms
and indicators of the effects, Ecological Indicators, Volume 108

Vian A, Davies E, Gendraud M, Bonnet P. Plant Responses to High Frequency Electromagnetic
Fields. Biomed Res Int. 2016;2016

Zhong, Z., Wang, X., Yin, X., Tian, J., & Komatsu, S. (2021). Morphophysiological and
Proteomic Responses on Plants of Irradiation with Electromagnetic Waves. International Journal
of Molecular Sciences, 22(22), Article 22.

S. Pustake, V. Upadhyaya and M. Bundele, "Study and Analysis of 4G-5G Spectrum Mobile
Signals on Germination Seed and Further Growth," 2022 IEEE Pune Section International
Conference (PuneCon), Pune, India, 2022, pp. 1-7

Sharma, S., Sharma, P., Bahel, S. et al. Comprehensive analysis of genotoxic effects and
antioxidative defence mechanisms in plant test system exposed to 1800 MHz electromagnetic
radiations: a root chromosomal aberration and FTIR spectroscopy approach Toxicol. Environ.
Health Sci. (2023).

A.L. Stefi, L.H. Margaritis, N.S. Christodoulakis (2017) The aftermath of long-term exposure to
non-ionizing radiation on laboratory cultivated pine plants (Pinus halepensis M.) Flora, 234, pp.
173-186,

Ozel, HB, Cetin, M., Sevik, H., Varol, T., Isik, B., & Yaman, B. (2021). The effects of base station
as an electromagnetic radiation source on flower and cone yield and germination percentage in
Pinus brutia Ten. Biologia Futura , 72 (3), 359-365.

Pesnya DS, Romanovsky AV. Comparison of cytotoxic and genotoxic effects of plutonium-239
alpha particles and mobile phone GSM 900 radiation in the Allium cepa test. Mutat Res. 2013
Jan 20;750(1-2):27-33.

Pall. M., Electromagnetic Fields Act Similarly in Plants as in Animals: Probable Activation of
Calcium Channels via Their Voltage Sensor, Current Chemical Biology, 2016, 10, 74-82

AMPHIBIAN

Balmori A. (2010). Mobile phone mast effects on common frog (Rana temporaria) tadpoles: the
city turned into a laboratory. Electromagn Biol Med. Jun;29 (1-2): 31-5.

Balmori, A. (2006). The incidence of electromagnetic pollution on the amphibian decline: Is this
an important piece of the puzzle? Toxicological & Environmental Chemistry, 88(2), 287–299.

https://www.sciencedirect.com/science/article/abs/pii/S1470160X19306764
https://www.sciencedirect.com/science/article/abs/pii/S1470160X19306764
https://www.sciencedirect.com/science/article/abs/pii/S1470160X19306764
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4769733/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4769733/
https://doi.org/10.3390/ijms222212239
https://doi.org/10.3390/ijms222212239
https://ieeexplore.ieee.org/document/10014737
https://ieeexplore.ieee.org/document/10014737
https://link.springer.com/article/10.1007/s13530-023-00190-9
https://link.springer.com/article/10.1007/s13530-023-00190-9
https://link.springer.com/article/10.1007/s13530-023-00190-9
https://www.sciencedirect.com/science/article/abs/pii/S0367253017332760
https://www.sciencedirect.com/science/article/abs/pii/S0367253017332760
https://link.springer.com/article/10.1007/s42977-021-00085-1
https://link.springer.com/article/10.1007/s42977-021-00085-1
https://link.springer.com/article/10.1007/s42977-021-00085-1
https://www.sciencedirect.com/science/article/abs/pii/S1383571812002914?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1383571812002914?via%3Dihub
https://www.eurekaselect.com/article/75098
https://www.eurekaselect.com/article/75098
https://www.tandfonline.com/doi/abs/10.3109/15368371003685363?journalCode=iebm20
https://www.tandfonline.com/doi/abs/10.3109/15368371003685363?journalCode=iebm20
https://doi.org/10.1080/02772240600687200
https://doi.org/10.1080/02772240600687200
https://doi.org/10.1080/02772240600687200


ARACHNIDS

Šofranková L, Baňas M, Pipová N, Majláth I, Kurimský J, Cimbala R, Pavlík M, Mateos-Hernández L,
Šimo L, Majláthová V. Effects of Electromagnetic Radiation on Neuropeptide Transcript Levels in the
Synganglion of Ixodes ricinus [ticks]. Pathogens. 2023; 12(12):1398. doi: 10.3390/pathogens12121398.

MARINE

Hutchison, Z. L., Gill, A. B., Sigray, P., He, H., & King, J. W. (2020). Anthropogenic
electromagnetic fields (EMF) influence the behaviour of bottom-dwelling marine species.
Scientific Reports, 10(1), 4219.

Scott, K., Harsanyi, P., Easton, B. A. A., Piper, A. J. R., Rochas, C. M. V., & Lyndon, A. R.
(2021). Exposure to Electromagnetic Fields (EMF) from Submarine Power Cables Can Trigger
Strength-Dependent Behavioural and Physiological Responses in Edible Crab, Cancer pagurus
(L.). Journal of Marine Science and Engineering, 9(7), Article 7.

Oliva, M., De Marchi, L., Cuccaro, A., Fumagalli, G., Freitas, R., Fontana, N., Raugi, M.,
Barmada, S., & Pretti, C. (2023). Introducing energy into marine environments: A lab-scale static
magnetic field submarine cable simulation and its effects on sperm and larval development on a
reef forming serpulid. Environmental pollution (Barking, Essex : 1987), 328, 121625.

Tang LS, Qiu CZ, Zhang HY, Ren DL. Effects of 0.4 T, 3.0 T and 9.4 T static magnetic fields on
development, behaviour and immune response in zebrafish (Danio rerio). Neuroimage. 2023
Sep 29;282:120398.

Nirwane A, Sridhar V, Majumdar A. Neurobehavioural Changes and Brain Oxidative Stress
Induced by Acute Exposure to GSM900 Mobile Phone Radiations in Zebrafish (Danio rerio).
Toxicol Res. 2016 Apr;32(2):123-32

Albert L, Deschamps F, Jolivet A, Olivier F, Chauvaud L, Chauvaud S. A current synthesis on
the effects of electric and magnetic fields emitted by submarine power cables on invertebrates.
Mar Environ Res. 2020 Jul;159:104958.

DL Woodruff VI Cullinan AE Copping KE Marshall Effects of Electromagnetic Fields on Fish and
Invertebrates Task 2.1.3: Effects on Aquatic Organisms (2013) Prepared for the U.S.
Department of Energy under Contract DE-AC05-76RL01830

Keller BA, Putman NF, Grubbs RD, Portnoy DS, Murphy TP. Map-like use of Earth's magnetic
field in sharks. Curr Biol. 2021 Jul 12;31(13):2881-2886.e3. doi: 10.1016/j.cub.2021.03.103.
Epub 2021 May 6. PMID: 33961785.

https://www.nature.com/articles/s41598-020-60793-x
https://www.nature.com/articles/s41598-020-60793-x
https://doi.org/10.3390/jmse9070776
https://doi.org/10.3390/jmse9070776
https://doi.org/10.3390/jmse9070776
https://doi.org/10.3390/jmse9070776
https://pubmed.ncbi.nlm.nih.gov/37085101/
https://pubmed.ncbi.nlm.nih.gov/37085101/
https://pubmed.ncbi.nlm.nih.gov/37085101/
https://www.sciencedirect.com/science/article/pii/S1053811923005499?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1053811923005499?via%3Dihub
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4843974/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4843974/
https://www.sciencedirect.com/science/article/abs/pii/S0141113619307706?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0141113619307706?via%3Dihub
https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-22154.pdf
https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-22154.pdf
https://www.cell.com/current-biology/fulltext/S0960-9822(21)00476-0?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0960982221004760%3Fshowall%3Dtrue
https://www.cell.com/current-biology/fulltext/S0960-9822(21)00476-0?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0960982221004760%3Fshowall%3Dtrue


Mammals

Balmori, A. The incidence of electromagnetic pollution on wild mammals: A new “poison” with a
slow effect on nature?. Environmentalist 30, 90–97 (2010).
Bamikole, A. O., Olukayode, O. A., Obajuluwa, T., Pius, O., Ibidun, O. O., Adewale, F. O., &
Adeleke, O. O. (2019). Exposure to a 2.5 GHz Non-ionizing Electromagnetic Field Alters
Hematological Profiles, Biochemical Parameters, and Induces Oxidative Stress in Male Albino
Rats. Biomedical and Environmental Sciences, 32(11), 860–863.

Bodin, R., Seewooruttun, C., Corona, A. et al. (2023 ) Sex-dependent impact of perinatal 5G
electromagnetic field exposure in the adolescent rat behavior. Environ Sci Pollut Res

Cantürk Tan, F., Yalçin, B., Yay, A. H., Tan, B., Yeğin, K., & Daşdağ, S. (2022). Effects of pre and
postnatal 2450 MHz continuous wave (CW) radiofrequency radiation on thymus: Four
generation exposure. Electromagnetic Biology and Medicine, 41(3), 315–324.

Çelik, Ö., Kahya, M. C., & Nazıroğlu, M. (2016). Oxidative stress of brain and liver is increased
by Wi-Fi (2.45GHz) exposure of rats during pregnancy and the development of newborns.
Journal of Chemical Neuroanatomy, 75(Pt B), 134–139.

Falcioni, L., Bua, L., Tibaldi, E., Lauriola, M., De Angelis, L., Gnudi, F., Mandrioli, D., Manservigi,
M., Manservisi, F., Manzoli, I., Menghetti, I., Montella, R., Panzacchi, S., Sgargi, D., Strollo, V.,
Vornoli, A., & Belpoggi, F. (2018). Report of final results regarding brain and heart tumors in
Sprague-Dawley rats exposed from prenatal life until natural death to mobile phone
radiofrequency field representative of a 1.8 GHz GSM base station environmental emission.
Environmental Research, 165, 496–503.

Gautam R, Pardhiya S, Nirala JP, Sarsaiya P, Rajamani P. Effects of 4G mobile phone
radiation exposure on reproductive, hepatic, renal, and hematological parameters of
male Wistar rat. Environ Sci Pollut Res Int. 2023 Dec 16

Hardell, L., & Carlberg, M. (2019). Comments on the US National Toxicology Program technical
reports on toxicology and carcinogenesis study in rats exposed to whole-body radiofrequency
radiation at 900 MHz and in mice exposed to whole-body radiofrequency radiation at 1,900
MHz. International Journal of Oncology, 54(1), 111–127.

Lerchl, A., Klose, M., Grote, K., Wilhelm, A. F. X., Spathmann, O., Fiedler, T., Streckert, J.,
Hansen, V., & Clemens, M. (2015). Tumor promotion by exposure to radiofrequency
electromagnetic fields below exposure limits for humans. Biochemical and Biophysical Research
Communications, 459(4), 585–590.

Ibitayo, A. O., Afolabi, O. B., Akinyemi, A. J., Ojiezeh, T. I., Adekoya, K. O., & Ojewunmi, O. O.
(2017). RAPD Profiling, DNA Fragmentation, and Histomorphometric Examination in Brains of

https://link.springer.com/article/10.1007/s10669-009-9248-y
https://link.springer.com/article/10.1007/s10669-009-9248-y
https://doi.org/10.3967/bes2019.107
https://doi.org/10.3967/bes2019.107
https://doi.org/10.3967/bes2019.107
https://doi.org/10.3967/bes2019.107
https://link.springer.com/article/10.1007/s11356-023-30256-7
https://link.springer.com/article/10.1007/s11356-023-30256-7
https://doi.org/10.1080/15368378.2022.2079673
https://doi.org/10.1080/15368378.2022.2079673
https://doi.org/10.1080/15368378.2022.2079673
https://doi.org/10.1080/15368378.2022.2079673
https://doi.org/10.1016/j.jchemneu.2015.10.005
https://doi.org/10.1016/j.jchemneu.2015.10.005
https://doi.org/10.1016/j.jchemneu.2015.10.005
https://doi.org/10.1016/j.envres.2018.01.037
https://doi.org/10.1016/j.envres.2018.01.037
https://doi.org/10.1016/j.envres.2018.01.037
https://doi.org/10.1016/j.envres.2018.01.037
https://link.springer.com/article/10.1007/s11356-023-31367-x
https://link.springer.com/article/10.1007/s11356-023-31367-x
https://link.springer.com/article/10.1007/s11356-023-31367-x
https://doi.org/10.3892/ijo.2018.4606
https://doi.org/10.3892/ijo.2018.4606
https://doi.org/10.3892/ijo.2018.4606
https://doi.org/10.3892/ijo.2018.4606
https://doi.org/10.3892/ijo.2018.4606
https://doi.org/10.1016/j.bbrc.2015.02.151
https://doi.org/10.1016/j.bbrc.2015.02.151
https://doi.org/10.1016/j.bbrc.2015.02.151
https://doi.org/10.1155/2017/8653286


Wistar Rats Exposed to Indoor 2.5 Ghz Wi-Fi Devices Radiation. BioMed Research
International, 2017, 8653286.

Kuybulu, A. E., Öktem, F., Çiriş, İ. M., Sutcu, R., Örmeci, A. R., Çömlekçi, S., & Uz, E. (2016).
Effects of long-term pre- and post-natal exposure to 2.45 GHz wireless devices on developing
male rat kidney. Renal Failure, 38(4), 571–580.

Magras IN, Xenos TD. RF radiation-induced changes in the prenatal development of mice.
Bioelectromagnetics. 1997;18(6):455-61.

National Toxicology Program NI of EHS. (2018). Toxicology and carcinogenesis studies in Hsd:
Sprague Dawley SD rats exposed to whole-body radio frequency radiation at a frequency (900
MHz) and modulations (GSM and CDMA) used by cell phones (National Toxicology Project
Technical Report 595). U.S. Department of Health and Human Services, National Institutes of
Health.

Saili, L., Hanini, A., Smirani, C., Azzouz, I., Azzouz, A., Sakly, M., Abdelmelek, H., & Bouslama,
Z. (2015). Effects of acute exposure to WIFI signals (2.45GHz) on heart variability and blood
pressure in Albinos rabbit. Environmental Toxicology and Pharmacology, 40(2), 600–605.

Sangun, O., Dundar, B., Darici, H., Comlekci, S., Doguc, D. K., & Celik, S. (2015). The effects of
long-term exposure to a 2450 MHz electromagnetic field on growth and pubertal development in
female Wistar rats. Electromagnetic Biology and Medicine, 34(1), 63–71.

Smith-Roe, S. L., Wyde, M. E., Stout, M. D., Winters, J. W., Hobbs, C. A., Shepard, K. G.,
Green, A. S., Kissling, G. E., Shockley, K. R., Tice, R. R., Bucher, J. R., & Witt, K. L. (2020).
Evaluation of the genotoxicity of cell phone radiofrequency radiation in male and female rats
and mice following subchronic exposure. Environmental and Molecular Mutagenesis, 61(2),
276–290.

Souffi, S., Lameth, J., Gaucher, Q., Arnaud-Cormos, D., Lévêque, P., Edeline, J.-M., & Mallat,
M. (2022). Exposure to 1800 MHz LTE electromagnetic fields under proinflammatory conditions
decreases the response strength and increases the acoustic threshold of auditory cortical
neurons. Scientific Reports, 12(1), 4063.

Yang, H., Zhang, Y., Wu, X., Gan, P., Luo, X., Zhong, S., & Zuo, W. (2022). Effects of Acute
Exposure to 3500 MHz (5G) Radiofrequency Electromagnetic Radiation on Anxiety-Like
Behavior and the Auditory Cortex in Guinea Pigs. Bioelectromagnetics, 43(2), 106–118.

Yüksel, M., Nazıroğlu, M., & Özkaya, M. O. (2016). Long-term exposure to electromagnetic
radiation from mobile phones and Wi-Fi devices decreases plasma prolactin, progesterone, and
estrogen levels but increases uterine oxidative stress in pregnant rats and their offspring.
Endocrine, 52(2), 352–362.

https://doi.org/10.1155/2017/8653286
https://doi.org/10.1155/2017/8653286
https://doi.org/10.3109/0886022X.2016.1148937
https://doi.org/10.3109/0886022X.2016.1148937
https://doi.org/10.3109/0886022X.2016.1148937
https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1521-186X(1997)18:6%3C455::AID-BEM8%3E3.0.CO;2-1
https://ntp.niehs.nih.gov/sites/default/files/ntp/htdocs/lt_rpts/tr595_508.pdf
https://ntp.niehs.nih.gov/sites/default/files/ntp/htdocs/lt_rpts/tr595_508.pdf
https://ntp.niehs.nih.gov/sites/default/files/ntp/htdocs/lt_rpts/tr595_508.pdf
https://doi.org/10.1016/j.etap.2015.08.015
https://doi.org/10.1016/j.etap.2015.08.015
https://doi.org/10.3109/15368378.2013.871619
https://doi.org/10.3109/15368378.2013.871619
https://doi.org/10.3109/15368378.2013.871619
https://doi.org/10.3109/15368378.2013.871619
https://doi.org/10.1002/em.22343
https://doi.org/10.1002/em.22343
https://doi.org/10.1038/s41598-022-07923-9
https://doi.org/10.1038/s41598-022-07923-9
https://doi.org/10.1038/s41598-022-07923-9
https://doi.org/10.1002/bem.22388
https://doi.org/10.1002/bem.22388
https://doi.org/10.1002/bem.22388
https://doi.org/10.1002/bem.22388
https://doi.org/10.1007/s12020-015-0795-3
https://doi.org/10.1007/s12020-015-0795-3
https://doi.org/10.1007/s12020-015-0795-3


Yu, G., Tang, Z., Chen, H., Chen, Z., Wang, L., Cao, H., Wang, G., Xing, J., Shen, H., Cheng,
Q., Li, D., Wang, G., Xiang, Y., Guan, Y., Zhu, Y., Liu, Z., & Bai, Z. (2020). Long-term exposure
to 4G smartphone radiofrequency electromagnetic radiation diminished male reproductive
potential by directly disrupting Spock3–MMP2-BTB axis in the testes of adult rats. Science of
The Total Environment, 698, 133860.

Zhao, L., Yao, C., Wang, H., Dong, J., Zhang, J., Xu, X., Wang, H., Yao, B., Ren, K., Sun, L., &
Peng, R. (2022). Immune Responses to Multi-Frequencies of 1.5 GHz and 4.3 GHz Microwave
Exposure in Rats: Transcriptomic and Proteomic Analysis. International Journal of Molecular
Sciences, 23(13), 6949.

Hamed Akbari; Lobat Taghavi; Seyed Kamal Eshagh Hossaini; Mohammad Gholami Fesharaki;
Seyed Alireza Hajiseyed Mirzahosseini. "Effects of Radio Waves on the Immune System of an
Animal Model". Trauma Monthly, 28, 4, 2023

Bacteria and Antibiotic Resistance

Effects of radiofrequency field from 5G communication on fecal microbiome and
metabolome profiles in mice | Scientific Reports

Askaripour K, Żak A. A systematic review on cellular responses of Escherichia coli to
nonthermal electromagnetic irradiation. Bioelectromagnetics. 2023 Oct 8.

Barbora, A., Rajput, S., Komoshvili, K., Levitan, J., Yahalom, A., & Liberman-Aronov, S. (2021).
Non-Ionizing Millimeter Waves Non-Thermal Radiation of Saccharomyces cerevisiae—Insights
and Interactions. Applied Sciences, 11(14), Article 14.

Crabtree, D.P.E., Herrera, B.J. & Kang, S. The response of human bacteria to static
magnetic field and radiofrequency electromagnetic field. J Microbiol. 55, 809–815
(2017)

I H., S.-S., F A., J., H H., Y., & M E., M. (2019). Evaluation of Wi-Fi Radiation Effects on
Antibiotic Susceptibility, Metabolic Activity and Biofilm Formation by Escherichia Coli 0157H7,
Staphylococcus Aureus and Staphylococcus Epidermis. Journal of Biomedical Physics &
Engineering, 9(5), 579–586.

Mortazavi, S. M. J., Taheri, M., Paknahad, M., & Khandadash, S. (2022). Effects of
Radiofrequency Electromagnetic Fields Emitted from Mobile Phones and Wi-Fi Router on the
Growth Rate and Susceptibility of Enterococcus faecalis to Antibiotics. Journal of Biomedical
Physics & Engineering, 12(4), 387–394.

Movahedi, M. M., Nouri, F., Tavakoli Golpaygani, A., Ataee, L., Amani, S., & Taheri, M. (2019).
Antibacterial Susceptibility Pattern of the Pseudomonas aeruginosa and Staphylococcus aureus

https://doi.org/10.1016/j.scitotenv.2019.133860
https://doi.org/10.1016/j.scitotenv.2019.133860
https://doi.org/10.1016/j.scitotenv.2019.133860
https://doi.org/10.1016/j.scitotenv.2019.133860
https://doi.org/10.3390/ijms23136949
https://doi.org/10.3390/ijms23136949
https://doi.org/10.3390/ijms23136949
https://www.traumamon.com/article_179532.html
https://www.traumamon.com/article_179532.html
https://www.nature.com/articles/s41598-024-53842-2
https://www.nature.com/articles/s41598-024-53842-2
https://pubmed.ncbi.nlm.nih.gov/37807247/
https://pubmed.ncbi.nlm.nih.gov/37807247/
https://doi.org/10.3390/app11146635
https://doi.org/10.3390/app11146635
https://doi.org/10.3390/app11146635
https://doi.org/10.1007/s12275-017-7208-7
https://doi.org/10.1007/s12275-017-7208-7
https://doi.org/10.31661/jbpe.v0i0.1106
https://doi.org/10.31661/jbpe.v0i0.1106
https://doi.org/10.31661/jbpe.v0i0.1106
https://doi.org/10.31661/jbpe.v0i0.1106
https://doi.org/10.31661/jbpe.v0i0.1268
https://doi.org/10.31661/jbpe.v0i0.1268
https://doi.org/10.31661/jbpe.v0i0.1268
https://doi.org/10.31661/jbpe.v0i0.1107


after Exposure to Electromagnetic Waves Emitted from Mobile Phone Simulator. Journal of
Biomedical Physics & Engineering, 9(6), 637–646.

Nakouti, I., Hobbs, G., Teethaisong, Y., & Phipps, D. (2017). A demonstration of athermal effects
of continuous microwave irradiation on the growth and antibiotic sensitivity of Pseudomonas
aeruginosa PAO1. Biotechnology Progress, 33(1), 37–44.

Pegios, A., Kavvadas, D., Ζarras, K., Mpani, K., Soukiouroglou, P., Charalampidou, S., Vagdatli,
E., & Papamitsou, T. (2022). The Effect of Electromagnetic Radiation Transmitted from Routers
on Antibiotic Susceptibility of Bacterial Pathogens. Journal of Biomedical Physics &
Engineering, 12(4), 327–338.

Sharma AB, Lamba OS, Sharma L, Sharma A. Effect of mobile tower radiation on microbial
diversity in soil and antibiotic resistance. In: International Conference on Power Energy,
Environment and Intelligent Control (PEEIC). India: G. L. Bajaj Inst. of Technology and
Management Greater Noida, U. P.; 2018.

Taheri, M., Mortazavi, S. M. J., Moradi, M., Mansouri, S., Hatam, G. R., & Nouri, F. (2017).
Evaluation of the Effect of Radiofrequency Radiation Emitted From Wi-Fi Router and Mobile
Phone Simulator on the Antibacterial Susceptibility of Pathogenic Bacteria Listeria
monocytogenes and Escherichia coli. Dose-Response: A Publication of International Hormesis
Society, 15(1), 1559325816688527.

Torgomyan, H., & Trchounian, A. (2012). Escherichia coli membrane-associated
energy-dependent processes and sensitivity toward antibiotics changes as responses to
low-intensity electromagnetic irradiation of 70.6 and 73 GHz frequencies. Cell Biochemistry and
Biophysics, 62(3), 451–461.

Ushakov, V. L., Alipov, E. D., Shcheglov, V. S., & Beliaev, I. I. (2006). The peculiarities of the
microwave in the frequency range of 51-52 GHz spectrum effects on E. coli cells.
Radiatsionnaia Biologiia, Radioecologiia, 46(6), 719–728.

Cell Phones
Redmayne M. (2017). Where's Your Phone? A Survey of Where Women Aged 15-40 Carry
Their Smartphone and Related Risk Perception: A Survey and Pilot Study. PloS one, 12(1),
e0167996.

Saroch, P., Kalsotra, G. & Kalsotra, P. (2023). Assessment of Effects of Chronic Mobile Phone
Usage on Auditory Functions: A Study at a Tertiary Care Teaching Hospital in Northern India.
Indian J Otolaryngol Head Neck Surg.

Hardell, L., & Carlberg, M. (2019). Comments on the US National Toxicology Program technical
reports on toxicology and carcinogenesis study in rats exposed to whole-body radiofrequency
radiation at 900 MHz and in mice exposed to whole-body radiofrequency radiation at 1,900
MHz. International Journal of Oncology, 54(1), 111–127.

https://doi.org/10.31661/jbpe.v0i0.1107
https://doi.org/10.31661/jbpe.v0i0.1107
https://doi.org/10.1002/btpr.2392
https://doi.org/10.1002/btpr.2392
https://doi.org/10.1002/btpr.2392
https://doi.org/10.1002/btpr.2392
https://doi.org/10.31661/jbpe.v0i0.2111-1433
https://doi.org/10.31661/jbpe.v0i0.2111-1433
https://ieeexplore.ieee.org/document/8665432
https://ieeexplore.ieee.org/document/8665432
https://doi.org/10.1177/1559325816688527
https://doi.org/10.1177/1559325816688527
https://doi.org/10.1177/1559325816688527
https://doi.org/10.1177/1559325816688527
https://doi.org/10.1007/s12013-011-9327-9
https://doi.org/10.1007/s12013-011-9327-9
https://doi.org/10.1007/s12013-011-9327-9
https://doi.org/10.1007/s12013-011-9327-9
https://pubmed.ncbi.nlm.nih.gov/17323701/
https://pubmed.ncbi.nlm.nih.gov/17323701/
https://pubmed.ncbi.nlm.nih.gov/28060844/
https://pubmed.ncbi.nlm.nih.gov/28060844/
https://link.springer.com/article/10.1007/s12070-023-04354-4
https://link.springer.com/article/10.1007/s12070-023-04354-4
https://doi.org/10.3892/ijo.2018.4606
https://doi.org/10.3892/ijo.2018.4606
https://doi.org/10.3892/ijo.2018.4606
https://doi.org/10.3892/ijo.2018.4606
https://doi.org/10.3892/ijo.2018.4606


National Toxicology Program NI of EHS. (2018). Toxicology and carcinogenesis studies in Hsd:
Sprague Dawley SD rats exposed to whole-body radio frequency radiation at a frequency (900
MHz) and modulations (GSM and CDMA) used by cell phones (National Toxicology Project
Technical Report 595). U.S. Department of Health and Human Services, National Institutes of
Health.

Chowdhury, A., Singh, Y., Das, U., Waghmare, D., Dasgupta, R., & Majumder, S. K. (2021).
Effects of mobile phone emissions on human red blood cells. Journal of biophotonics, 14(8),
e202100047.

Kalafatakis, F., Bekiaridis-Moschou, D., Gkioka, E., & Tsolaki, M. (2017). Mobile phone use for 5
minutes can cause significant memory impairment in humans. Hellenic journal of nuclear
medicine, 20 Suppl, 146–154.

Bandara, P., & Carpenter, D. O. (2018). Planetary electromagnetic pollution: It is time to assess
its impact. The Lancet Planetary Health, 2(12), e512–e514.

Belpomme, D., Hardell, L., Belyaev, I., Burgio, E., & Carpenter, D. O. (2018). Thermal and
non-thermal health effects of low intensity non-ionizing radiation: An international perspective.
Environmental Pollution, 242, 643–658.

Carpenter DO. (2013) Human disease resulting from exposure to electromagnetic fields.
Rev Environ Health.;28(4):159-72.

Carlberg, M., & Hardell, L. (2014). Decreased Survival of Glioma Patients with Astrocytoma
Grade IV (Glioblastoma Multiforme) Associated with Long-Term Use of Mobile and Cordless
Phones. International Journal of Environmental Research and Public Health, 11(10),
10790–10805.

Carlberg, M., & Hardell, L. (2017). Evaluation of Mobile Phone and Cordless Phone Use and
Glioma Risk Using the Bradford Hill Viewpoints from 1965 on Association or Causation. BioMed
Research International, 2017, 9218486.

Chavdoula, E. D., Panagopoulos, D. J., & Margaritis, L. H. (2010). Comparison of biological
effects between continuous and intermittent exposure to GSM-900-MHz mobile phone radiation:
Detection of apoptotic cell-death features. Mutation Research, 700(1–2), 51–61.

Chu KY, Khodamoradi K, Blachman-Braun R, et al. (2022) Effect of Radiofrequency
Electromagnetic Radiation Emitted by Modern Cellphones on Sperm Motility and Viability: An In
Vitro Study Eur Urol Focus.;S2405-4569(22)00247-4. doi:10.1016/j.euf.2022.11.004.

Coureau, G., Bouvier, G., Lebailly, P., Fabbro-Peray, P., Gruber, A., Leffondre, K., Guillamo,
J.-S., Loiseau, H., Mathoulin-Pélissier, S., Salamon, R., & Baldi, I. (2014). Mobile phone use
and brain tumours in the CERENAT case-control study. Occupational and Environmental
Medicine, 71(7), 514–522.

Directorate-General for Parliamentary Research Services (European Parliament), & Belpoggi, F.
(2021). Health impact of 5G: Current state of knowledge of 5G related carcinogenic and

https://ntp.niehs.nih.gov/sites/default/files/ntp/htdocs/lt_rpts/tr595_508.pdf
https://ntp.niehs.nih.gov/sites/default/files/ntp/htdocs/lt_rpts/tr595_508.pdf
https://ntp.niehs.nih.gov/sites/default/files/ntp/htdocs/lt_rpts/tr595_508.pdf
https://pubmed.ncbi.nlm.nih.gov/33871929/
https://pubmed.ncbi.nlm.nih.gov/29324924/
https://pubmed.ncbi.nlm.nih.gov/29324924/
https://doi.org/10.1016/S2542-5196(18)30221-3
https://doi.org/10.1016/S2542-5196(18)30221-3
https://doi.org/10.1016/j.envpol.2018.07.019
https://doi.org/10.1016/j.envpol.2018.07.019
https://pubmed.ncbi.nlm.nih.gov/24280284/
https://doi.org/10.3390/ijerph111010790
https://doi.org/10.3390/ijerph111010790
https://doi.org/10.3390/ijerph111010790
https://doi.org/10.3390/ijerph111010790
https://doi.org/10.1155/2017/9218486
https://doi.org/10.1155/2017/9218486
https://doi.org/10.1155/2017/9218486
https://doi.org/10.1016/j.mrgentox.2010.05.008
https://doi.org/10.1016/j.mrgentox.2010.05.008
https://doi.org/10.1016/j.mrgentox.2010.05.008
https://doi.org/10.1016/j.mrgentox.2010.05.008
https://pubmed.ncbi.nlm.nih.gov/36379868/
https://pubmed.ncbi.nlm.nih.gov/36379868/
https://pubmed.ncbi.nlm.nih.gov/36379868/
https://doi.org/10.1136/oemed-2013-101754
https://doi.org/10.1136/oemed-2013-101754
https://doi.org/10.1136/oemed-2013-101754
https://www.europarl.europa.eu/RegData/etudes/STUD/2021/690012/EPRS_STU(2021)690012_EN.pdf


reproductive/developmental hazards as they emerge from epidemiological studies and in vivo
experimental studies. Publications Office of the European Union.

Gandhi, O. P. (2019). Microwave Emissions From Cell Phones Exceed Safety Limits in Europe
and the US When Touching the Body. IEEE Access, 7, 47050–47052.

Hardell, L., & Carlberg, M. (2015). Mobile phone and cordless phone use and the risk for glioma
– Analysis of pooled case-control studies in Sweden, 1997–2003 and 2007–2009.
Pathophysiology, 22(1), 1–13.

Hardell, L., & Carlberg, M. (2019). Comments on the US National Toxicology Program technical
reports on toxicology and carcinogenesis study in rats exposed to whole-body radiofrequency
radiation at 900 MHz and in mice exposed to whole-body radiofrequency radiation at 1,900
MHz. International Journal of Oncology, 54(1), 111–127.

Hu, C., Zuo, H., & Li, Y. (2021). Effects of Radiofrequency Electromagnetic Radiation on
Neurotransmitters in the Brain. Frontiers in Public Health, 9.

International Commission on the Biological Effects of Electromagnetic Fields (ICBE-EMF),
(2022). Scientific evidence invalidates health assumptions underlying the FCC and ICNIRP
exposure limit determinations for radiofrequency radiation: implications for 5G. Environ Health.
Oct 18;21(1):92.

Miller, A. B., Sears, M. E., Morgan, L. L., Davis, D. L., Hardell, L., Oremus, M., & Soskolne, C. L.
(2019). Risks to Health and Well-Being From Radio-Frequency Radiation Emitted by Cell
Phones and Other Wireless Devices. Frontiers in Public Health, 7.

Miller, A. B., Morgan, L. L., Udasin, I., & Davis, D. L. (2018). Cancer epidemiology update,
following the 2011 IARC evaluation of radiofrequency electromagnetic fields (Monograph 102).
Environmental Research, 167, 673–683.

Panagopoulos, D. J., Chavdoula, E. D., Nezis, I. P., & Margaritis, L. H. (2007). Cell death
induced by GSM 900-MHz and DCS 1800-MHz mobile telephony radiation. Mutation Research,
626(1–2), 69–78.

Redmayne, M. (2013). Wireless phone use by young New Zealanders: Health and policy
implications. http://researcharchive.vuw.ac.nz/handle/10063/2961

Wall, S., Wang, Z.-M., Kendig, T., Dobraca, D., & Lipsett, M. (2019). Real-world cell phone
radiofrequency electromagnetic field exposures. Environmental Research, 171, 581–592.

Schools
Lech JC, Halma MTJ, Obajuluwa AO, Baker M, Hamblin MR. (2023) Fiat Lux: Light and
Pedagogy for the 21st Century. Annals of Neurosciences. 0(0).

Bellieni, C. V., Pinto, I., Bogi, A., Zoppetti, N., Andreuccetti, D., & Buonocore, G. (2012).
Exposure to Electromagnetic Fields From Laptop Use of “Laptop” Computers. Archives of
Environmental & Occupational Health, 67(1), 31–36.

https://www.europarl.europa.eu/RegData/etudes/STUD/2021/690012/EPRS_STU(2021)690012_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/STUD/2021/690012/EPRS_STU(2021)690012_EN.pdf
https://doi.org/10.1109/ACCESS.2019.2906017
https://doi.org/10.1109/ACCESS.2019.2906017
https://doi.org/10.1109/ACCESS.2019.2906017
https://doi.org/10.1016/j.pathophys.2014.10.001
https://doi.org/10.1016/j.pathophys.2014.10.001
https://doi.org/10.1016/j.pathophys.2014.10.001
https://doi.org/10.3892/ijo.2018.4606
https://doi.org/10.3892/ijo.2018.4606
https://doi.org/10.3892/ijo.2018.4606
https://doi.org/10.3892/ijo.2018.4606
https://doi.org/10.3892/ijo.2018.4606
https://www.frontiersin.org/articles/10.3389/fpubh.2021.691880
https://www.frontiersin.org/articles/10.3389/fpubh.2021.691880
https://www.frontiersin.org/articles/10.3389/fpubh.2021.691880
https://ehjournal.biomedcentral.com/articles/10.1186/s12940-022-00900-9
https://ehjournal.biomedcentral.com/articles/10.1186/s12940-022-00900-9
https://www.frontiersin.org/articles/10.3389/fpubh.2019.00223
https://www.frontiersin.org/articles/10.3389/fpubh.2019.00223
https://www.frontiersin.org/articles/10.3389/fpubh.2019.00223
https://www.sciencedirect.com/science/article/abs/pii/S0013935118303475
https://www.sciencedirect.com/science/article/abs/pii/S0013935118303475
https://doi.org/10.1016/j.envres.2018.06.043
https://doi.org/10.1016/j.mrgentox.2006.08.008
https://doi.org/10.1016/j.mrgentox.2006.08.008
http://researcharchive.vuw.ac.nz/handle/10063/2961
https://doi.org/10.1016/j.envres.2018.09.015
https://doi.org/10.1016/j.envres.2018.09.015
https://doi.org/10.1016/j.envres.2018.09.015
https://journals.sagepub.com/doi/10.1177/09727531221136646
https://journals.sagepub.com/doi/10.1177/09727531221136646
https://doi.org/10.1080/19338244.2011.564232
https://doi.org/10.1080/19338244.2011.564232


Clegg, F. M., Sears, M., Friesen, M., Scarato, T., Metzinger, R., Russell, C., Stadtner, A., &
Miller, A. B. (2020). Building science and radiofrequency radiation: What makes smart and
healthy buildings. Building and Environment, 176, 106324.

Hedendahl, L. K., Carlberg, M., Koppel, T., & Hardell, L. (2017). Measurements of
Radiofrequency Radiation with a Body-Borne Exposimeter in Swedish Schools with Wi-Fi.
Frontiers in Public Health, 5.

Park, J., Jeong, E., & Seomun, G. (2020). Extremely Low-Frequency Magnetic Fields Exposure
Measurement during Lessons in Elementary Schools. International Journal of Environmental
Research and Public Health, 17(15), 5284.

Mehzabeen Mannan, Yamane W. Weldu, Sami G. Al-Ghamdi, (2020) Health impact of energy
use in buildings: Radiation propagation assessment in indoor environment, Energy Reports
February: Pages 915-920

Ramirez-Vazquez, R.; Escobar, I.; Thielens, A.; Arribas, E. (2020) Measurements and Analysis
of Personal Exposure to Radiofrequency Electromagnetic Fields at Outdoor and Indoor School
Buildings: A Case Study at a Spanish School. IEEE Access, 8, 195692–195702

Wi-Fi 2.45 GHz

Hamed Akbari; Lobat Taghavi; Seyed Kamal Eshagh Hossaini; Mohammad Gholami Fesharaki;
Seyed Alireza Hajiseyed Mirzahosseini. "Effects of Radio Waves on the Immune System of an
Animal Model". Trauma Monthly, 28, 4, 2023

Serin M, Soylu S, Durna Daştan S, Koç S, Atilla Kurt A. Investigation of gene expression levels in thyroid
tissues of rats treated with Wi-Fi electromagnetic wave (2.4–3 GHz Wi-Fi RF-EMF). Journal of Molecular
Structure. 1288, 2023. doi: 10.1016/j.molstruc.2023.135741.

Williams, C., Hather, C, et al. (2023). Non-thermal disruption of β-adrenergic receptor-activated
Ca2+ signalling and apoptosis in human ES-derived cardiomyocytes by microwave electric
fields at 2.4 GHz, Biochemical and Biophysical Research Communications, Volume 661, 89-98

Akdag, M. Z., Dasdag, S., Canturk, F., Karabulut, D., Caner, Y., & Adalier, N. (2016). Does
prolonged radiofrequency radiation emitted from Wi-Fi devices induce DNA damage in various
tissues of rats? Journal of Chemical Neuroanatomy, 75(Pt B), 116–122.

Atasoy, H. I., Gunal, M. Y., Atasoy, P., Elgun, S., & Bugdayci, G. (2013). Immunohistopathologic
demonstration of deleterious effects on growing rat testes of radiofrequency waves emitted from
conventional Wi-Fi devices. Journal of Pediatric Urology, 9(2), 223–229.

Avendaño, C., Mata, A., Sanchez Sarmiento, C. A., & Doncel, G. F. (2012). Use of laptop
computers connected to internet through Wi-Fi decreases human sperm motility and increases
sperm DNA fragmentation. Fertility and Sterility, 97(1), 39-45.e2.

https://doi.org/10.1016/j.buildenv.2019.106324
https://doi.org/10.1016/j.buildenv.2019.106324
https://doi.org/10.1016/j.buildenv.2019.106324
https://www.frontiersin.org/articles/10.3389/fpubh.2017.00279
https://www.frontiersin.org/articles/10.3389/fpubh.2017.00279
https://doi.org/10.3390/ijerph17155284
https://doi.org/10.3390/ijerph17155284
https://doi.org/10.3390/ijerph17155284
https://www.sciencedirect.com/science/article/pii/S2352484719313162
https://www.sciencedirect.com/science/article/pii/S2352484719313162
https://ieeexplore.ieee.org/abstract/document/9239932
https://ieeexplore.ieee.org/abstract/document/9239932
https://ieeexplore.ieee.org/abstract/document/9239932
https://www.traumamon.com/article_179532.html
https://www.traumamon.com/article_179532.html
https://www.sciencedirect.com/science/article/abs/pii/S0022286023008372
https://www.sciencedirect.com/science/article/abs/pii/S0022286023008372
https://doi.org/10.1016/j.bbrc.2023.04.038
https://doi.org/10.1016/j.bbrc.2023.04.038
https://doi.org/10.1016/j.bbrc.2023.04.038
https://doi.org/10.1016/j.jchemneu.2016.01.003
https://doi.org/10.1016/j.jchemneu.2016.01.003
https://doi.org/10.1016/j.jchemneu.2016.01.003
https://doi.org/10.1016/j.jchemneu.2016.01.003
https://linkinghub.elsevier.com/retrieve/pii/S147751311200054X
https://linkinghub.elsevier.com/retrieve/pii/S147751311200054X
https://linkinghub.elsevier.com/retrieve/pii/S147751311200054X
https://doi.org/10.1016/j.jpurol.2012.02.015
https://doi.org/10.1016/j.fertnstert.2011.10.012
https://doi.org/10.1016/j.fertnstert.2011.10.012
https://doi.org/10.1016/j.fertnstert.2011.10.012
https://doi.org/10.1016/j.fertnstert.2011.10.012


Bamikole, A. O., Olukayode, O. A., Obajuluwa, T., Pius, O., Ibidun, O. O., Adewale, F. O., &
Adeleke, O. O. (2019). Exposure to a 2.5 GHz Non-ionizing Electromagnetic Field Alters
Hematological Profiles, Biochemical Parameters, and Induces Oxidative Stress in Male Albino
Rats. Biomedical and Environmental Sciences, 32(11), 860–863.

Cappucci, Ugo, Assunta Maria Casale, Mirena Proietti, Fiorenzo Marinelli, Livio Giuliani, and
Lucia Piacentini. 2022. WiFi Related Radiofrequency Electromagnetic Fields Promote
Transposable Element Dysregulation and Genomic Instability in Drosophila melanogaster, Cells
11, no. 24: 4036. https://doi.org/10.3390/cells11244036

Çelik, Ö., Kahya, M. C., & Nazıroğlu, M. (2016). Oxidative stress of brain and liver is increased
by Wi-Fi (2.45GHz) exposure of rats during pregnancy and the development of newborns.
Journal of Chemical Neuroanatomy, 75(Pt B), 134–139.

Dasdag, S., Akdag, M. Z., Erdal, M. E., Erdal, N., Ay, O. I., Ay, M. E., Yilmaz, S. G., Tasdelen,
B., & Yegin, K. (2015). Effects of 2.4 GHz radiofrequency radiation emitted from Wi-Fi
equipment on microRNA expression in brain tissue. International Journal of Radiation Biology,
91(7), 555–561.

Dasdag, S., Muzaffer T., Mehmet Z.A., & Korkut Y., (2015) Effect of long-term exposure of
2.4 GHz radiofrequency radiation emitted from Wi-Fi equipment on testes functions,
Electromagnetic Biology and Medicine, 34:1, 37-42

Fahmy, H., & Mohammed, F. (2021). Hepatic injury induced by radio frequency waves emitted
from conventional Wi-Fi devices in Wistar rats. Human & Experimental Toxicology, 40(1),
136–147.

Gumral, N., Naziroglu, M., Koyu, A., Ongel, K., Celik, O., Saygin, M., Kahriman, M., Caliskan,
S., Kayan, M., Gencel, O., & Flores-Arce, M. F. (2009). Effects of selenium and L-carnitine on
oxidative stress in blood of rat induced by 2.45-GHz radiation from wireless devices. Biological
Trace Element Research, 132(1–3), 153–163.

Gupta, S. K., Patel, S. K., Tomar, M. S., Singh, S. K., Mesharam, M. K., & Krishnamurthy, S.
(2019). Long-term exposure of 2450 MHz electromagnetic radiation induces stress and anxiety
like behavior in rats. Neurochemistry International, 128, 1–13.

Gupta, V., & Srivastava, R. (2022). 2.45 GHz microwave radiation induced oxidative stress: Role
of inflammatory cytokines in regulating male fertility through estrogen receptor alpha in Gallus
gallus domesticus. Biochemical and Biophysical Research Communications, 629, 61–70.

Hassanshahi, A., Shafeie, S. A., Fatemi, I., Hassanshahi, E., Allahtavakoli, M., Shabani, M.,
Roohbakhsh, A., & Shamsizadeh, A. (2017). The effect of Wi-Fi electromagnetic waves in
unimodal and multimodal object recognition tasks in male rats. Neurological Sciences, 38(6),
1069–1076.

Ibitayo, A. O., Afolabi, O. B., Akinyemi, A. J., Ojiezeh, T. I., Adekoya, K. O., & Ojewunmi, O. O.
(2017). RAPD Profiling, DNA Fragmentation, and Histomorphometric Examination in Brains of

https://doi.org/10.3967/bes2019.107
https://doi.org/10.3967/bes2019.107
https://doi.org/10.3967/bes2019.107
https://doi.org/10.3967/bes2019.107
https://www.mdpi.com/2073-4409/11/24/4036
https://www.mdpi.com/2073-4409/11/24/4036
https://doi.org/10.1016/j.jchemneu.2015.10.005
https://doi.org/10.1016/j.jchemneu.2015.10.005
https://doi.org/10.1016/j.jchemneu.2015.10.005
https://doi.org/10.3109/09553002.2015.1028599
https://doi.org/10.3109/09553002.2015.1028599
https://doi.org/10.3109/09553002.2015.1028599
https://www.tandfonline.com/doi/abs/10.3109/15368378.2013.869752
https://www.tandfonline.com/doi/abs/10.3109/15368378.2013.869752
https://doi.org/10.1177/0960327120946470
https://doi.org/10.1177/0960327120946470
https://doi.org/10.1007/s12011-009-8372-3
https://doi.org/10.1007/s12011-009-8372-3
https://doi.org/10.1007/s12011-009-8372-3
https://doi.org/10.1016/j.neuint.2019.04.001
https://doi.org/10.1016/j.neuint.2019.04.001
https://doi.org/10.1016/j.neuint.2019.04.001
https://doi.org/10.1016/j.bbrc.2022.09.009
https://doi.org/10.1016/j.bbrc.2022.09.009
https://doi.org/10.1016/j.bbrc.2022.09.009
https://doi.org/10.1016/j.bbrc.2022.09.009
https://doi.org/10.1007/s10072-017-2920-y
https://doi.org/10.1007/s10072-017-2920-y
https://doi.org/10.1007/s10072-017-2920-y
https://doi.org/10.1155/2017/8653286


Wistar Rats Exposed to Indoor 2.5 Ghz Wi-Fi Devices Radiation. BioMed Research
International, 2017, 8653286.

Jaffar, F. H. F., Osman, K., Ismail, N. H., Chin, K.-Y., & Ibrahim, S. F. (2019). Adverse Effects of
Wi-Fi Radiation on Male Reproductive System: A Systematic Review. The Tohoku Journal of
Experimental Medicine, 248(3), 169–179.

Kuybulu, A. E., Öktem, F., Çiriş, İ. M., Sutcu, R., Örmeci, A. R., Çömlekçi, S., & Uz, E. (2016).
Effects of long-term pre- and post-natal exposure to 2.45 GHz wireless devices on developing
male rat kidney. Renal Failure, 38(4), 571–580.

Liu, L., Deng, H., Tang, X., Lu, Y., Zhou, J., Wang, X., Zhao, Y., Huang, B., & Shi, Y. (2021).
Specific electromagnetic radiation in the wireless signal range increases wakefulness in mice.
Proceedings of the National Academy of Sciences of the United States of America, 118(31),
e2105838118.

Mahila. (2021). Effect of Wi-Fi Radiation on Heart Rate Variability, Salivary Cortisol Level and
Cognition. Journal of Pharmaceutical Research International, 229–232.

Naziroğlu, M., & Gümral, N. (2009). Modulator effects of L-carnitine and selenium on wireless
devices (2.45 GHz)-induced oxidative stress and electroencephalography records in brain of rat.
International Journal of Radiation Biology, 85(8), 680–689.

Pall, M. L. (2018). Wi-Fi is an important threat to human health. Environmental Research, 164,
405–416.

Papageorgiou, C. C., Hountala, C. D., Maganioti, A. E., Kyprianou, M. A., Rabavilas, A. D.,
Papadimitriou, G. N., & Capsalis, C. N. (2011). Effects of wi-fi signals on the p300 component of
event-related potentials during an auditory hayling task. Journal of Integrative Neuroscience,
10(02), 189–202.

Saili, L., Hanini, A., Smirani, C., Azzouz, I., Azzouz, A., Sakly, M., Abdelmelek, H., & Bouslama,
Z. (2015). Effects of acute exposure to WIFI signals (2.45GHz) on heart variability and blood
pressure in Albinos rabbit. Environmental Toxicology and Pharmacology, 40(2), 600–605.

Sangun, O., Dundar, B., Darici, H., Comlekci, S., Doguc, D. K., & Celik, S. (2015). The effects of
long-term exposure to a 2450 MHz electromagnetic field on growth and pubertal development in
female Wistar rats. Electromagnetic Biology and Medicine, 34(1), 63–71.

Shahin, S., Banerjee, S., Swarup, V., Singh, S. P., & Chaturvedi, C. M. (2018). From the Cover:
2.45-GHz Microwave Radiation Impairs Hippocampal Learning and Spatial Memory:
Involvement of Local Stress Mechanism-Induced Suppression of iGluR/ERK/CREB Signaling.
Toxicological Sciences, 161(2), 349–374.

Siervo, B., Morelli, M. S., Landini, L., & Hartwig, V. (2018). Numerical evaluation of human
exposure to WiMax patch antenna in tablet or laptop. Bioelectromagnetics, 39(5), 414–422.

Tahir E, Akar Karadayı A, Gülşen Gürgen S, Korunur Engiz B, Turgut A. Effect of 2.45 GHz Microwave
Radiation on the Inner Ear: A Histopathological Study on 2.45 GHz Microwave Radiation and Cochlea. J
Int Adv Otol. 2024 Jan;20(1):35-43.

https://doi.org/10.1155/2017/8653286
https://doi.org/10.1155/2017/8653286
https://doi.org/10.1620/tjem.248.169
https://doi.org/10.1620/tjem.248.169
https://doi.org/10.1620/tjem.248.169
https://doi.org/10.3109/0886022X.2016.1148937
https://doi.org/10.3109/0886022X.2016.1148937
https://doi.org/10.3109/0886022X.2016.1148937
https://doi.org/10.1073/pnas.2105838118
https://doi.org/10.1073/pnas.2105838118
https://doi.org/10.9734/jpri/2021/v33i41B32362
https://doi.org/10.9734/jpri/2021/v33i41B32362
https://doi.org/10.1080/09553000903009530
https://doi.org/10.1080/09553000903009530
https://doi.org/10.1080/09553000903009530
https://doi.org/10.1016/j.envres.2018.01.035
https://doi.org/10.1142/S0219635211002695
https://doi.org/10.1142/S0219635211002695
https://doi.org/10.1016/j.etap.2015.08.015
https://doi.org/10.1016/j.etap.2015.08.015
https://doi.org/10.3109/15368378.2013.871619
https://doi.org/10.3109/15368378.2013.871619
https://doi.org/10.3109/15368378.2013.871619
https://doi.org/10.3109/15368378.2013.871619
https://doi.org/10.1093/toxsci/kfx221
https://doi.org/10.1093/toxsci/kfx221
https://doi.org/10.1093/toxsci/kfx221
https://doi.org/10.1002/bem.22128
https://doi.org/10.1002/bem.22128
https://doi.org/10.1002/bem.22128
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10895889/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10895889/


Tumkaya L. (2022) The effects of long-term prenatal exposure to 900, 1800, and 2100 MHz
electromagnetic field radiation on myocardial tissue of rats. Toxicol Ind Health. 2022 Nov 16

Yorgancilar, E., Dasdag, S., Akdag, M. Z., Akkus, Z., Akdag, M., & Topcu, I. (2017). Does all-day
and long-term exposure to radiofrequency radiation emitted from Wi-Fi affect hearing?
Biotechnology & Biotechnological Equipment, 31(6), 1204–1209.

Yüksel, M., Nazıroğlu, M., & Özkaya, M. O. (2016). Long-term exposure to electromagnetic
radiation from mobile phones and Wi-Fi devices decreases plasma prolactin, progesterone, and
estrogen levels but increases uterine oxidative stress in pregnant rats and their offspring.
Endocrine, 52(2), 352–362.

NICU and Incubators
Aasen, S. E., Johnsson, A., Bratlid, D., & Christensen, T. (1996). Fifty-Hertz magnetic field
exposures of premature infants in a neonatal intensive care unit. Biology of the Neonate, 70(5),
249–264.

Bellieni, C. V., Acampa, M., Maffei, M., Maffei, S., Perrone, S., Pinto, I., Stacchini, N., &
Buonocore, G. (2008). Electromagnetic fields produced by incubators influence heart rate
variability in newborns. Archives of Disease in Childhood - Fetal and Neonatal Edition, 93(4),
F298–F301.

Bellieni, C. V., Nardi, V., Buonocore, G., Di Fabio, S., Pinto, I., & Verrotti, A. (2019).
Electromagnetic fields in neonatal incubators: The reasons for an alert. The Journal of
Maternal-Fetal & Neonatal Medicine: The Official Journal of the European Association of
Perinatal Medicine, the Federation of Asia and Oceania Perinatal Societies, the International
Society of Perinatal Obstetricians, 32(4), 695–699.

Bellieni, C. V., Tei, M., Iacoponi, F., Tataranno, M. L., Negro, S., Proietti, F., Longini, M., Perrone,
S., & Buonocore, G. (2012). Is newborn melatonin production influenced by magnetic fields
produced by incubators? Early Human Development, 88(8), 707–710.

Besset, D., Selmaoui, B., Tourneux, P., Leke, A., Delanaud, S., de Seze, R., & Stephan
Blanchard, E. (2020). Environmental radiofrequency electromagnetic field levels in a department
of pediatrics. Environmental Research, 181, 108894.

Besset D, Selmaoui B, Delanaud S, Bessarion L, Chardon K, de Seze R, Leke A,
Stéphan-Blanchard E. Influence of radiofrequency electromagnetic fields exposure on sleep
patterns in preterm neonates. Int J Radiat Biol. 2023 Nov 16:1-6.

Calvente, I., Vázquez-Pérez, A., Fernández, M. F., Núñez, M. I., & Múñoz-Hoyos, A. (2017).
Radiofrequency exposure in the Neonatal Medium Care Unit. Environmental Research, 152,
66–72.

https://pubmed.ncbi.nlm.nih.gov/36383165/
https://pubmed.ncbi.nlm.nih.gov/36383165/
https://doi.org/10.1080/13102818.2017.1373033
https://doi.org/10.1080/13102818.2017.1373033
https://doi.org/10.1080/13102818.2017.1373033
https://doi.org/10.1007/s12020-015-0795-3
https://doi.org/10.1007/s12020-015-0795-3
https://doi.org/10.1007/s12020-015-0795-3
https://doi.org/10.1159/000244374
https://doi.org/10.1159/000244374
https://doi.org/10.1136/adc.2007.132738
https://doi.org/10.1136/adc.2007.132738
https://doi.org/10.1080/14767058.2017.1390559
https://doi.org/10.1080/14767058.2017.1390559
https://doi.org/10.1016/j.earlhumdev.2012.02.015
https://doi.org/10.1016/j.earlhumdev.2012.02.015
https://doi.org/10.1016/j.earlhumdev.2012.02.015
https://doi.org/10.1016/j.envres.2019.108894
https://doi.org/10.1016/j.envres.2019.108894
https://doi.org/10.1016/j.envres.2019.108894
https://www.tandfonline.com/doi/abs/10.1080/09553002.2023.2277365
https://www.tandfonline.com/doi/abs/10.1080/09553002.2023.2277365
https://doi.org/10.1016/j.envres.2016.09.019
https://doi.org/10.1016/j.envres.2016.09.019


Chardon K, Delanaud S, Tourneux P, Stephan Blanchard E. How to Control Exposure to
Fifth-Generation Radiofrequencies in Preterm Newborns in Incubator. Neonatology.
2023;120(5):666-669. doi: 10.1159/000530658. Epub 2023 Jun 21. PMID: 37343536.

Passi, R., Doheny, K. K., Gordin, Y., Hinssen, H., & Palmer, C. (2017). Electrical Grounding
Improves Vagal Tone in Preterm Infants. Neonatology, 112(2), 187–192.

Cell Towers

Gulati, Sachin and Mosgoeller, Wilhelm and Moldan, Dietrich and Kosik, Pavol and Durdik,
Matus and Jakl, Lukas and Skorvaga, Milan and Markova, Eva and Kochanova, Dominika and
Vigasova, Katarina and Belyaev, Igor, Evaluation of Oxidative Stress and Genetic Instability
Among Residents Near Mobile Phone Base Stations in Germany.

Augner C, Hacker GW, Oberfeld G, Florian M, Hitzl W, Hutter J, Pauser G. Effects of exposure to GSM
mobile phone base station signals on salivary cortisol, alpha-amylase, and immunoglobulin A. Biomed
Environ Sci. 2010 Jun;23(3):199-207.

Abdel-Rassoul, G., El-Fateh, O. A., Salem, M. A., Michael, A., Farahat, F., El-Batanouny, M., &
Salem, E. (2007). Neurobehavioral effects among inhabitants around mobile phone base
stations. NeuroToxicology, 28(2), 434–440.

Akkam Y, A Al-Taani A, Ayasreh S, Almutairi A, Akkam N. (2022) Correlation of Blood
Oxidative Stress Parameters to Indoor Radiofrequency Radiation: A Cross Sectional
Study in Jordan. Int J Environ Res Public Health. Jun 29;17(13):4673.

Balmori A. Evidence for a health risk by RF on humans living around mobile phone base
stations: From radiofrequency sickness to cancer Environ Res. 2022 Nov; 214

Bortkiewicz A, Zmyślony M, Szyjkowska A, Gadzicka E. Stacje. (2004) Subjective symptoms
reported by people living in the vicinity of cellular phone base stations: review . Med Pr.
2004;55(4):345-51.

Dode, A. C., Leão, M. M. D., Tejo, F. de A. F., Gomes, A. C. R., Dode, D. C., Dode, M. C.,
Moreira, C. W., Condessa, V. A., Albinatti, C., & Caiaffa, W. T. (2011). Mortality by neoplasia and
cellular telephone base stations in the Belo Horizonte municipality, Minas Gerais state, Brazil.
Science of The Total Environment, 409(19), 3649–3665.

Horst Eger, Klaus Uwe Hagen, Birgitt Lucas, Peter Vogel, Helmut Voit, (2004), The Influence of
Being Physically Near to a Cell Phone Transmission Mast on the Incidence of Cancer,
Umwelt·Medizin·Gesellschaft, 17,4

Hardell, L., & Koppel, T. (2022). Electromagnetic hypersensitivity close to mobile phone base
stations – a case study in Stockholm, Sweden. Reviews on Environmental Health.

https://karger.com/neo/article-abstract/120/5/666/853229/How-to-Control-Exposure-to-Fifth-Generation?redirectedFrom=fulltext
https://karger.com/neo/article-abstract/120/5/666/853229/How-to-Control-Exposure-to-Fifth-Generation?redirectedFrom=fulltext
https://doi.org/10.1159/000475744
https://doi.org/10.1159/000475744
https://doi.org/10.1159/000475744
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4735047
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4735047
https://pubmed.ncbi.nlm.nih.gov/20708499/
https://pubmed.ncbi.nlm.nih.gov/20708499/
https://doi.org/10.1016/j.neuro.2006.07.012
https://doi.org/10.1016/j.neuro.2006.07.012
https://doi.org/10.1016/j.neuro.2006.07.012
https://www.sciencedirect.com/science/article/abs/pii/S0013935122011781
https://www.sciencedirect.com/science/article/abs/pii/S0013935122011781
https://pubmed.ncbi.nlm.nih.gov/15620045/
https://pubmed.ncbi.nlm.nih.gov/15620045/
https://doi.org/10.1016/j.scitotenv.2011.05.051
https://doi.org/10.1016/j.scitotenv.2011.05.051
https://doi.org/10.1016/j.scitotenv.2011.05.051
http://www.tetrawatch.net/papers/naila.pdf
http://www.tetrawatch.net/papers/naila.pdf
https://doi.org/10.1515/reveh-2021-0169
https://doi.org/10.1515/reveh-2021-0169
https://doi.org/10.1515/reveh-2021-0169


Khurana, V. G., Hardell, L., Everaert, J., Bortkiewicz, A., Carlberg, M., & Ahonen, M. (2010).
Epidemiological evidence for a health risk from mobile phone base stations. International
Journal of Occupational and Environmental Health, 16(3), 263–267.

Koppel, T., Ahonen, M., Carlberg, M., & Hardell, L. (2022). Very high radiofrequency radiation at
Skeppsbron in Stockholm, Sweden from mobile phone base station antennas positioned close
to pedestrians’ heads. Environmental Research, 208, 112627.

Lalrinthara Pachuau, Zaithanzauva Pachuau, (2016) "Health Effects of Mobile Tower Radiation
on Human — Case Study," International Journal of Applied Physics and Mathematics vol. 6, no.
2, pp. 72-79

Levitt, B. B., & Lai, H. (2011).Biological effects from exposure to electromagnetic radiation
emitted by cell tower base stations and other antenna arrays. Environmental Reviews, 19(NA),
495–495.

López, I., Félix, N., Rivera, M., Alonso, A., & Maestú, C. (2021). What is the radiation before
5G? A correlation study between measurements in situ and in real time and epidemiological
indicators in Vallecas, Madrid. Environmental Research, 194, 110734.

Meo, S. A., Almahmoud, M., Alsultan, Q., Alotaibi, N., Alnajashi, I., & Hajjar, W. M. (2019).
Mobile Phone Base Station Tower Settings Adjacent to School Buildings: Impact on Students’
Cognitive Health. American Journal of Men’s Health, 13(1), 1557988318816914.

Meo, S. A., Alsubaie, Y., Almubarak, Z., Almutawa, H., AlQasem, Y., & Hasanato, R. M. (2015a).
Association of Exposure to Radio-Frequency Electromagnetic Field Radiation (RF-EMFR)
Generated by Mobile Phone Base Stations with Glycated Hemoglobin (HbA1c) and Risk of Type
2 Diabetes Mellitus. International Journal of Environmental Research and Public Health, 12(11),
14519–14528.

Pearce, J. M. (2020). Limiting liability with positioning to minimize negative health effects of
cellular phone towers. Environmental Research, 181, 108845.

Roda, C., & Perry, S. (2014). Mobile phone infrastructure regulation in Europe: Scientific
challenges and human rights protection. Environmental Science & Policy, 37, 204–214.

Rodrigues, N. C. P., Dode, A. C., de Noronha Andrade, M. K., O’Dwyer, G., Monteiro, D. L. M.,
Reis, I. N. C., Rodrigues, R. P., Frossard, V. C., & Lino, V. T. S. (2021). The Effect of Continuous
Low-Intensity Exposure to Electromagnetic Fields from Radio Base Stations to Cancer Mortality
in Brazil. International Journal of Environmental Research and Public Health, 18(3), 1229.

Santini, R., Santini, P., Le Ruz, P., Danze, J. M., & Seigne, M. (2003). Survey Study of People
Living in the Vicinity of Cellular Phone Base Stations. Electromagnetic Biology and Medicine,
22(1), 41–49.

Thamilselvan S, Behera A, Nair SK, Chandru CS, Krishnakumar M, Ramani P. (2021)
Micronuclei analysis in people residing within 25 m of radiation-exposed areas around mobile
towers in Chennai, India: An observational study. J Int Oral Health 13:350-5

https://pubmed.ncbi.nlm.nih.gov/20662418/
https://doi.org/10.1179/107735210799160192
https://doi.org/10.1016/j.envres.2021.112627
https://doi.org/10.1016/j.envres.2021.112627
https://doi.org/10.1016/j.envres.2021.112627
https://doi.org/10.1016/j.envres.2021.112627
https://cdnsciencepub.com/doi/full/10.1139/A10-018
https://cdnsciencepub.com/doi/full/10.1139/A10-018
https://doi.org/10.1016/j.envres.2021.110734
https://doi.org/10.1016/j.envres.2021.110734
https://doi.org/10.1016/j.envres.2021.110734
https://doi.org/10.1016/j.envres.2021.110734
https://doi.org/10.1177/1557988318816914
https://doi.org/10.1177/1557988318816914
https://doi.org/10.1177/1557988318816914
https://doi.org/10.3390/ijerph121114519
https://doi.org/10.3390/ijerph121114519
https://doi.org/10.3390/ijerph121114519
https://doi.org/10.3390/ijerph121114519
https://doi.org/10.1016/j.envres.2019.108845
https://doi.org/10.1016/j.envres.2019.108845
https://doi.org/10.1016/j.envres.2019.108845
https://doi.org/10.1016/j.envsci.2013.09.009
https://doi.org/10.1016/j.envsci.2013.09.009
https://doi.org/10.1016/j.envsci.2013.09.009
https://doi.org/10.3390/ijerph18031229
https://doi.org/10.3390/ijerph18031229
https://doi.org/10.3390/ijerph18031229
https://doi.org/10.1081/JBC-120020353
https://doi.org/10.1081/JBC-120020353
https://doi.org/10.1081/JBC-120020353
https://www.jioh.org/article.asp?issn=0976-7428;year=2021;volume=13;issue=4;spage=350;epage=355;aulast=Thamilselvan
https://www.jioh.org/article.asp?issn=0976-7428;year=2021;volume=13;issue=4;spage=350;epage=355;aulast=Thamilselvan


Yakymenko, I., Sidorik, E., Kyrylenko, S., & Chekhun, V. (2011). Long-term exposure to
microwave radiation provokes cancer growth: Evidences from radars and mobile communication
systems. Experimental Oncology, 33(2), 62–70.

Zothansiama, Zosangzuali, M., Lalramdinpuii, M., & Jagetia, G. C. (2017). Impact of
radiofrequency radiation on DNA damage and antioxidants in peripheral blood lymphocytes of
humans residing in the vicinity of mobile phone base stations. Electromagnetic Biology and
Medicine, 36(3), 295–305.

Igor Belyaev, Sachin Gulati, Pavol Kosik, Matus Durdik, Lukas Jakl, Milan Skorvaga, Eva
Markova, Dominika Kochanova, Katarina Vigasova Possible health risks from exposure to
microwaves from base stations, Conference Paper Department of Radiobiology, Cancer
Research Institute, Biomedical Research Center, SAV, Bratislava, Slovakia

Wireless Headsets and Wearables
Lan, J. Q., Liang, X., Hong, T., & Du, G. H. (2018). On the effects of glasses on the SAR in
human head resulting from wireless eyewear devices at phone call state. Progress in
Biophysics and Molecular Biology, 136, 29–36.

Sage, C., & Hardell, L. (2018). Fatal collision? Are wireless headsets a risk in treating patients?
Electromagnetic Biology and Medicine, 37(2), 95–99.

Virtual Reality

https://link.springer.com/chapter/10.1007/978-3-031-43401-3_24

4G LTE
Broom, K. A., Findlay, R., Addison, D. S., Goiceanu, C., & Sienkiewicz, Z. (2019). Early-Life
Exposure to Pulsed LTE Radiofrequency Fields Causes Persistent Changes in Activity and
Behavior in C57BL/6 J Mice. Bioelectromagnetics, 40(7), 498–511.

Choi, J., Min, K., Jeon, S., Kim, N., Pack, J.-K., & Song, K. (2020). Continuous Exposure to 1.7
GHz LTE Electromagnetic Fields Increases Intracellular Reactive Oxygen Species to Decrease
Human Cell Proliferation and Induce Senescence. Scientific Reports, 10(1), 9238.

Lv, B., Chen, Z., Wu, T., Shao, Q., Yan, D., Ma, L., Lu, K., & Xie, Y. (2014). The alteration of
spontaneous low frequency oscillations caused by acute electromagnetic fields exposure.
Clinical Neurophysiology, 125(2), 277–286.

Malik, S., Pati, A. K., & Parganiha, A. (2021). Short- and long-duration exposures to cell-phone
radiofrequency waves produce dichotomous effects on phototactic response and circadian

https://pubmed.ncbi.nlm.nih.gov/21716201/
https://pubmed.ncbi.nlm.nih.gov/21716201/
https://pubmed.ncbi.nlm.nih.gov/21716201/
https://www.tandfonline.com/doi/abs/10.1080/15368378.2017.1350584?journalCode=iebm20
https://www.tandfonline.com/doi/abs/10.1080/15368378.2017.1350584?journalCode=iebm20
https://www.tandfonline.com/doi/abs/10.1080/15368378.2017.1350584?journalCode=iebm20
https://doi.org/10.1080/15368378.2017.1350584
https://www.rad-conference.org/RAD_2022_Spring_Book_of_Abstracts.pdf#page=159
https://www.rad-conference.org/RAD_2022_Spring_Book_of_Abstracts.pdf#page=159
https://doi.org/10.1016/j.pbiomolbio.2018.02.001
https://doi.org/10.1016/j.pbiomolbio.2018.02.001
https://doi.org/10.1016/j.pbiomolbio.2018.02.001
https://doi.org/10.1080/15368378.2017.1422261
https://doi.org/10.1080/15368378.2017.1422261
https://link.springer.com/chapter/10.1007/978-3-031-43401-3_24
https://doi.org/10.1002/bem.22217
https://doi.org/10.1002/bem.22217
https://doi.org/10.1002/bem.22217
https://doi.org/10.1002/bem.22217
https://doi.org/10.1038/s41598-020-65732-4
https://doi.org/10.1038/s41598-020-65732-4
https://doi.org/10.1038/s41598-020-65732-4
https://doi.org/10.1038/s41598-020-65732-4
https://doi.org/10.1038/s41598-020-65732-4
https://doi.org/10.1038/s41598-020-65732-4
https://doi.org/10.1016/j.clinph.2013.07.018
https://doi.org/10.1080/09291016.2019.1665942
https://doi.org/10.1080/09291016.2019.1665942


characteristics of locomotor activity rhythm in zebrafish, Danio rerio. Biological Rhythm
Research, 52(10), 1560–1575.

Oh, J. J., Byun, S.-S., Lee, S. E., Choe, G., & Hong, S. K. (2018). Effect of Electromagnetic
Waves from Mobile Phones on Spermatogenesis in the Era of 4G-LTE. BioMed Research
International, 2018, 1801798.

Özdemir, E., Çömelekoğlu, Ü., Degirmenci, E., Bayrak, G., Yildirim, M., Ergenoglu, T., Coşkun
Yılmaz, B., Korunur Engiz, B., Yalin, S., Koyuncu, D. D., & Ozbay, E. (2021). The effect of 4.5 G
(LTE Advanced-Pro network) mobile phone radiation on the optic nerve. Cutaneous and Ocular
Toxicology, 40(3), 198–206. https://doi.org/10.1080/15569527.2021.1895825

Souffi, S., Lameth, J., Gaucher, Q., Arnaud-Cormos, D., Lévêque, P., Edeline, J.-M., & Mallat,
M. (2022). Exposure to 1800 MHz LTE electromagnetic fields under proinflammatory conditions
decreases the response strength and increases the acoustic threshold of auditory cortical
neurons. Scientific Reports, 12(1), 4063.

Wei, Y., Yang, J., Chen, Z., Wu, T., & Lv, B. (2019). Modulation of resting-state brain functional
connectivity by exposure to acute fourth-generation long-term evolution electromagnetic field:
An fMRI study. Bioelectromagnetics, 40(1), 42–51.

Yang, L., Zhang, C., Chen, Z., Li, C., & Wu, T. (2021). Functional and network analyses of
human exposure to long-term evolution signal. Environmental Science and Pollution Research
International, 28(5), 5755–5773.

Yang, L., Chen, Q., Lv, B., & Wu, T. (2017). Long-Term Evolution Electromagnetic Fields
Exposure Modulates the Resting State EEG on Alpha and Beta Bands. Clinical EEG and
Neuroscience, 48(3), 168–175.

Yu, G., Tang, Z., Chen, H., Chen, Z., Wang, L., Cao, H., Wang, G., Xing, J., Shen, H., Cheng,
Q., Li, D., Wang, G., Xiang, Y., Guan, Y., Zhu, Y., Liu, Z., & Bai, Z. (2020). Long-term exposure
to 4G smartphone radiofrequency electromagnetic radiation diminished male reproductive
potential by directly disrupting Spock3–MMP2-BTB axis in the testes of adult rats. Science of
The Total Environment, 698, 133860.

5G and novel Frequencies
5G and Novel Frequencies Review
McCredden, J. E., Weller, S., & Leach, V. (2023). The assumption of safety is being used to
justify the rollout of 5G technologies. Frontiers in public health, 11, 1058454.

Belyaev, I. (2019). Main Regularities and Health Risks from Exposure to Non-Thermal
Microwaves of Mobile Communication. 2019 14th International Conference on Advanced
Technologies, Systems and Services in Telecommunications (℡SIKS), 111–116.

Directorate-General for Parliamentary Research Services (European Parliament), & Belpoggi, F.
(2021). Health impact of 5G: Current state of knowledge of 5G related carcinogenic and
reproductive/developmental hazards as they emerge from epidemiological studies and in vivo
experimental studies. Publications Office of the European Union.

https://doi.org/10.1080/09291016.2019.1665942
https://doi.org/10.1155/2018/1801798
https://doi.org/10.1155/2018/1801798
https://doi.org/10.1080/15569527.2021.1895825
https://doi.org/10.1080/15569527.2021.1895825
https://doi.org/10.1080/15569527.2021.1895825
https://doi.org/10.1038/s41598-022-07923-9
https://doi.org/10.1038/s41598-022-07923-9
https://doi.org/10.1038/s41598-022-07923-9
https://doi.org/10.1002/bem.22165
https://doi.org/10.1002/bem.22165
https://doi.org/10.1002/bem.22165
https://doi.org/10.1002/bem.22165
https://doi.org/10.1007/s11356-020-10728-w
https://doi.org/10.1007/s11356-020-10728-w
https://doi.org/10.1177/1550059416644887
https://doi.org/10.1177/1550059416644887
https://doi.org/10.1177/1550059416644887
https://doi.org/10.1016/j.scitotenv.2019.133860
https://doi.org/10.1016/j.scitotenv.2019.133860
https://doi.org/10.1016/j.scitotenv.2019.133860
https://doi.org/10.1016/j.scitotenv.2019.133860
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1058454/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1058454/full
https://ieeexplore.ieee.org/document/9002324
https://ieeexplore.ieee.org/document/9002324
https://doi.org/10.1109/%E2%84%A1SIKS46999.2019.9002324
https://data.europa.eu/doi/10.2861/657478
https://data.europa.eu/doi/10.2861/657478
https://data.europa.eu/doi/10.2861/657478
https://data.europa.eu/doi/10.2861/657478


Di Ciaula, A. (2018). Towards 5G communication systems: Are there health implications?
International Journal of Hygiene and Environmental Health, 221(3), 367–375.

Frank, J. W. (2021). Electromagnetic fields, 5G and health: What about the precautionary
principle? J Epidemiol Community Health, 75(6), 562–566.

Hardell, L., & Carlberg, M. (2020). [Comment] Health risks from radiofrequency radiation,
including 5G, should be assessed by experts with no conflicts of interest. Oncology Letters,
20(4), 1–1.

Hinrikus, H., Koppel, T., Lass, J., Orru, H., Roosipuu, P., & Bachmann, M. (2022). Possible
health effects on the human brain by various generations of mobile telecommunication: A review
based estimation of 5G impact. International Journal of Radiation Biology, 98(7), 1210–1221.

Kostoff, R. N., Heroux, P., Aschner, M., & Tsatsakis, A. (2020). Adverse health effects of 5G
mobile networking technology under real-life conditions. Toxicology Letters, 323, 35–40.

Matthew, U. O., & Kazaure, J. S. (2021). Chemical polarization effects of electromagnetic field
radiation from the novel 5G network deployment at ultra high frequency. Health and Technology,
11(2), 305–317

Miclaus S, Deaconescu DB, Vatamanu D, Buda AM. An Exposimetric Electromagnetic Comparison of Mobile Phone
Emissions: 5G versus 4G Signals Analyses by Means of Statistics and Convolutional Neural Networks Classification.
Technologies. 2023; 11(5):113

Raveendran, R.; Tabet Aoul, K.A. A Meta-Integrative Qualitative Study on the Hidden Threats of
Smart Buildings/Cities and Their Associated Impacts on Humans and the Environment.
Buildings 2021, 11, 251.

Russell, C. L. (2018). 5 G wireless telecommunications expansion: Public health and
environmental implications. Environmental Research, 165, 484–495.

Perov SY, Rubtsova NB, Belaya OV. Status of the Neuroendocrine System in Animals
Chronically Exposed to Electromagnetic Fields of 5G Mobile Network Base Stations. Bull
Exp Biol Med. 2022 Dec;174(2):277-279.

S. Pustake, V. Upadhyaya and M. Bundele, "Study and Analysis of 4G-5G Spectrum Mobile
Signals on Germination Seed and Further Growth," 2022 IEEE Pune Section International
Conference (PuneCon), Pune, India, 2022, pp. 1-7

Verma A, Kumar V, Gupta S. Bio effects of 5th generation electromagnetic waves on organs of human
beings. Global Health Journal. 2023. doi: 10.1016/j.glohj.2023.11.005.

Weller, S., May, M., McCredden, J., Leach, V., Phung, D., & Belyaev, I. (2023). Comment on “5G
mobile networks and health-a state-of-the-science review of the research into low-level RF fields
above 6 GHz” by Karipidis et al. Journal of Exposure Science & Environmental Epidemiology,
33(1), Article 1.

3.5 GHz

https://doi.org/10.1016/j.ijheh.2018.01.011
https://doi.org/10.1016/j.ijheh.2018.01.011
https://doi.org/10.1136/jech-2019-213595
https://doi.org/10.1136/jech-2019-213595
https://doi.org/10.1136/jech-2019-213595
https://doi.org/10.3892/ol.2020.11876
https://doi.org/10.3892/ol.2020.11876
https://doi.org/10.3892/ol.2020.11876
https://doi.org/10.1080/09553002.2022.2026516
https://doi.org/10.1080/09553002.2022.2026516
https://doi.org/10.1080/09553002.2022.2026516
https://doi.org/10.1080/09553002.2022.2026516
https://doi.org/10.1016/j.toxlet.2020.01.020
https://doi.org/10.1016/j.toxlet.2020.01.020
https://doi.org/10.1016/j.toxlet.2020.01.020
https://doi.org/10.1007/s12553-020-00501-x
https://doi.org/10.1007/s12553-020-00501-x
https://www.mdpi.com/2227-7080/11/5/113
https://www.mdpi.com/2227-7080/11/5/113
https://www.mdpi.com/2227-7080/11/5/113
https://doi.org/10.3390/buildings11060251
https://doi.org/10.3390/buildings11060251
https://doi.org/10.1016/j.envres.2018.01.016
https://doi.org/10.1016/j.envres.2018.01.016
https://doi.org/10.1016/j.envres.2018.01.016
https://pubmed.ncbi.nlm.nih.gov/36598666/
https://pubmed.ncbi.nlm.nih.gov/36598666/
https://ieeexplore.ieee.org/document/10014737
https://ieeexplore.ieee.org/document/10014737
https://www.sciencedirect.com/science/article/pii/S241464472300091X
https://www.sciencedirect.com/science/article/pii/S241464472300091X
https://doi.org/10.1038/s41370-022-00497-8
https://doi.org/10.1038/s41370-022-00497-8
https://doi.org/10.1038/s41370-022-00497-8


Bodin, R., Seewooruttun, C., Corona, A. et al. (2023 ) Sex-dependent impact of perinatal
5G electromagnetic field exposure in the adolescent rat behavior. Environ Sci Pollut Res

Dasgupta, S., Leong, C., Simonich, M. T., Truong, L., Liu, H., & Tanguay, R. L. (2022).
Transcriptomic and Long-Term Behavioral Deficits Associated with Developmental 3.5 GHz
Radiofrequency Radiation Exposures in Zebrafish. Environmental Science & Technology
Letters, 9(4), 327–332.

Wang, Y., Jiang, Z., Zhang, L., Zhang, Z., Liao, Y., & Cai, P. (2022). 3.5-GHz radiofrequency
electromagnetic radiation promotes the development of Drosophila melanogaster.
Environmental pollution (Barking, Essex : 1987), 294, 118646.

Torres-Ruiz M, Suárez OJ, López V, Marina P, Sanchis A, Liste I, de Alba M, Ramos V. Effects
of 700 and 3500 MHz 5G radiofrequency exposure on developing zebrafish embryos. Sci Total
Environ. 2024 Jan 9;915:169475. doi: 10.1016/j.scitotenv.2023.169475.

5G and Novel Frequencies Exposure

Betzalel, N., Ben Ishai, P., & Feldman, Y. (2018). The human skin as a sub-THz receiver—Does
5G pose a danger to it or not? Environmental Research, 163, 208–216.

Betzalel, N., Feldman, Y., & Ishai, P. B. (2017). The Modeling of the Absorbance of Sub-THz
Radiation by Human Skin. IEEE Transactions on Terahertz Science and Technology, 7(5),
521–528.

Feldman, Y., Puzenko, A., Ben Ishai, P., Caduff, A., & Agranat, A. J. (2008). Human Skin as
Arrays of Helical Antennas in the Millimeter and Submillimeter Wave Range. Physical Review
Letters, 100(12), 128102.

Nasim, I., & Kim, S. (2019). Adverse Impacts of 5G Downlinks on Human Body. 2019
SoutheastCon, 1–6.

5G and Novel Frequencies Experimental

Dasgupta, S., Leong, C., Simonich, M. T., Truong, L., Liu, H., & Tanguay, R. L. (2022).
Transcriptomic and Long-Term Behavioral Deficits Associated with Developmental 3.5 GHz
Radiofrequency Radiation Exposures in Zebrafish. Environmental Science & Technology
Letters, 9(4), 327–332.

Joushomme, A., Orlacchio, R., Patrignoni, L. et al. Effects of 5G-modulated 3.5 GHz
radiofrequency field exposures on HSF1, RAS, ERK, and PML activation in live fibroblasts
and keratinocytes cells. Sci Rep 13, 8305 (2023).

Kim, K., Lee, Y. S., Kim, N., Choi, H.-D., Kang, D.-J., Kim, H. R., & Lim, K.-M. (2021). Effects of

https://link.springer.com/article/10.1007/s11356-023-30256-7
https://link.springer.com/article/10.1007/s11356-023-30256-7
https://doi.org/10.1021/acs.estlett.2c00037
https://doi.org/10.1021/acs.estlett.2c00037
https://doi.org/10.1021/acs.estlett.2c00037
https://pubmed.ncbi.nlm.nih.gov/34896224/
https://pubmed.ncbi.nlm.nih.gov/34896224/
https://www.sciencedirect.com/science/article/abs/pii/S0048969723081056?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0048969723081056?via%3Dihub
https://doi.org/10.1016/j.envres.2018.01.032
https://doi.org/10.1016/j.envres.2018.01.032
https://doi.org/10.1016/j.envres.2018.01.032
https://doi.org/10.1109/TTHZ.2017.2736345
https://doi.org/10.1109/TTHZ.2017.2736345
https://doi.org/10.1109/TTHZ.2017.2736345
https://doi.org/10.1103/PhysRevLett.100.128102
https://doi.org/10.1103/PhysRevLett.100.128102
https://doi.org/10.1103/PhysRevLett.100.128102
https://doi.org/10.1109/SoutheastCon42311.2019.9020454
https://doi.org/10.1109/SoutheastCon42311.2019.9020454
https://doi.org/10.1021/acs.estlett.2c00037
https://doi.org/10.1021/acs.estlett.2c00037
https://doi.org/10.1021/acs.estlett.2c00037
https://www.nature.com/articles/s41598-023-35397-w
https://www.nature.com/articles/s41598-023-35397-w
https://www.nature.com/articles/s41598-023-35397-w
https://doi.org/10.3390/ijms22010170


Electromagnetic Waves with LTE and 5G Bandwidth on the Skin Pigmentation In Vitro.
International Journal of Molecular Sciences, 22(1), Article 1.

Pecoraro, R., Pavone, S. C., Scalisi, E. M., Sica, C., Ignoto, S., Contino, M., Salvaggio, A.,
Marmara, D., Sorbello, G., Di Donato, L., & Brundo, M. V. (2022). Biological Effects of
Non-Ionizing Electromagnetic Fields at 27 GHz on Sperm Quality of Mytilus galloprovincialis.
Journal of Marine Science and Engineering, 10(4), Article 4.

Patrignoni L, Hurtier A, Orlacchio R, Joushomme A, Poulletier de Gannes F, Lévêque P,
Arnaud-Cormos D, Revzani HR, Mahfouf W, Garenne A, Percherancier Y, Lagroye I. Evaluation
of mitochondrial stress following ultraviolet radiation and 5G radiofrequency field exposure in
human skin cells. Bioelectromagnetics. 2023 Dec 19

Szilágyi, Z., Németh, Z., Bakos, J., Necz, P. P., Sáfár, A., Kubinyi, G., Selmaoui, B., & Thuróczy,
G. (2020). Evaluation of Inflammation by Cytokine Production Following Combined Exposure to
Ultraviolet and Radiofrequency Radiation of Mobile Phones on 3D Reconstructed Human Skin
In Vitro. International Journal of Environmental Research and Public Health, 17(12), Article 12.

Wang, H., Liu, Y., Sun, Y., Dong, J., Xu, X., Wang, H., Zhao, X., Zhang, J., Yao, B., Zhao, L., Liu,
S., & Peng, R. (2023). Changes in cognitive function, synaptic structure and protein expression
after long-term exposure to 2.856 and 9.375 GHz microwaves. Cell Communication and
Signaling, 21(1), 34.

Wang, H., Liu, Y., Sun, Y., Zhao, L., Dong, J., Xu, X., Wang, H., Zhang, J., Yao, B., Zhao, X., Liu,
S., Zhang, K., & Peng, R. (2022). Changes in rat spatial learning and memory as well as serum
exosome proteins after simultaneous exposure to 1.5 GHz and 4.3 GHz microwaves.
Ecotoxicology and Environmental Safety, 243, 113983.

Wang, Y., Jiang, Z., Zhang, L., Zhang, Z., Liao, Y., & Cai, P. (2022). 3.5-GHz radiofrequency
electromagnetic radiation promotes the development of Drosophila melanogaster.
Environmental Pollution, 294, 118646.

Wang, Y., Zhang, H., Zhang, Z., Sun, B., Tang, C., Zhang, L., Jiang, Z., Ding, B., Liao, Y., & Cai,
P. (2021). Simulated mobile communication frequencies (3.5 GHz) emitted by a signal generator
affects the sleep of Drosophila melanogaster. Environmental Pollution, 283, 117087.

Yang, H., Zhang, Y., Wu, X., Gan, P., Luo, X., Zhong, S., & Zuo, W. (2022). Effects of Acute
Exposure to 3500 MHz (5G) Radiofrequency Electromagnetic Radiation on Anxiety-Like
Behavior and the Auditory Cortex in Guinea Pigs. Bioelectromagnetics, 43(2), 106–118.

Zhao, L., Yao, C., Wang, H., Dong, J., Zhang, J., Xu, X., Wang, H., Yao, B., Ren, K., Sun, L., &
Peng, R. (2022). Immune Responses to Multi-Frequencies of 1.5 GHz and 4.3 GHz Microwave
Exposure in Rats: Transcriptomic and Proteomic Analysis. International Journal of Molecular
Sciences, 23(13), 6949.

https://doi.org/10.3390/ijms22010170
https://doi.org/10.3390/ijms22010170
https://doi.org/10.3390/jmse10040521
https://doi.org/10.3390/jmse10040521
https://doi.org/10.3390/jmse10040521
https://onlinelibrary.wiley.com/doi/10.1002/bem.22495
https://onlinelibrary.wiley.com/doi/10.1002/bem.22495
https://onlinelibrary.wiley.com/doi/10.1002/bem.22495
https://doi.org/10.3390/ijerph17124401
https://doi.org/10.3390/ijerph17124401
https://doi.org/10.3390/ijerph17124401
https://doi.org/10.3390/ijerph17124401
https://doi.org/10.1186/s12964-022-01011-1
https://doi.org/10.1186/s12964-022-01011-1
https://doi.org/10.1186/s12964-022-01011-1
https://doi.org/10.1016/j.ecoenv.2022.113983
https://doi.org/10.1016/j.ecoenv.2022.113983
https://doi.org/10.1016/j.ecoenv.2022.113983
https://doi.org/10.1016/j.envpol.2021.118646
https://doi.org/10.1016/j.envpol.2021.118646
https://doi.org/10.1016/j.envpol.2021.118646
https://doi.org/10.1016/j.envpol.2021.117087
https://doi.org/10.1016/j.envpol.2021.117087
https://doi.org/10.1016/j.envpol.2021.117087
https://doi.org/10.1002/bem.22388
https://doi.org/10.1002/bem.22388
https://doi.org/10.1002/bem.22388
https://doi.org/10.1002/bem.22388
https://doi.org/10.3390/ijms23136949
https://doi.org/10.3390/ijms23136949
https://doi.org/10.3390/ijms23136949


5G and Novel Frequencies Case Reports
Hardell L. and Nilsson M. (2023). Case Report: A 52-Year Healthy Woman Developed Severe
Microwave Syndrome Shortly After Installation of a 5G Base Station Close to Her Apartment.
Annals of Clinical and Medical Case Reports. V10(16): 1-10

Hardell, L., & Nilsson, M. (2023). Case Report: The Microwave Syndrome after Installation of 5G
Emphasizes the Need for Protection from Radiofrequency Radiation. Annals of Case Reports.

Hardell, L., & Nilsson, M. (2023). Development of the Microwave Syndrome in Two Men Shortly
after Installation of 5G on the Roof above their Office. Annals of Clinical Case Reports, 8(1).

Hardell L, Nilsson M. An Eight Year Old Boy Developed Severe Headache in A School Close to
A Mast with 5G Base Stations. Ann Clin Case Stud. 2024; 6(1): 1093.

Nilsson M, Hardell L (2023) A 49-Year-Old Man Developed Severe Microwave Syndrome after
Activation of 5G Base Station 20 Meters from his Apartment. J Community Med Public Health 7:
382.

Nilsson, M., Hardel, L. (2023). 5G Radiofrequency Radiation Caused the Microwave Syndrome
in a Family Living Close to the Base Stations. Journal of Cancer Science and Clinical
Therapeutics, 7(2), 127-134.

Nilsson M, Hardell L, Case Report: Both Parents and their Three Children Developed Symptoms
of the Microwave Syndrome while on Holiday near a 5G Tower. Ann Clin Med Case Rep. 2023;
V12(1): 1-7

Hardell L, Nilsson M. A Woman aged 82 years with Electromagnetic Hypersensitivity since
Almost Four Decades Developed the Microwave Syndrome after Installation of 5G Base
Stations in her Living Vicinity – Ethical Principles in Medicine are violated Journal of
Environmental Science and Public Health. 8 (2024): 01-08.

THz
Wang D., Sarsaiya S., Qian X., Jin L., Shu F., Zhang C., Chen J.. (2023). Analysis of the
response mechanisms of Pinellia ternata to terahertz wave stresses using transcriptome and
metabolic data. Frontiers in Plant Science, 14

Wang Y., Xiong Y., Chen M., Liu F., He H., Ma Q., Gao P., Xiang G., Zhang L. (2023). The
biological effects of terahertz wave radiation-induced injury on neural stem cells. iScience,
26(10):107418.

Romanenko, S., Begley, R., Harvey, A. R., Hool, L., & Wallace, V. P. (2017). The interaction
between electromagnetic fields at megahertz, gigahertz and terahertz frequencies with cells,
tissues and organisms: Risks and potential. Journal of the Royal Society Interface, 14(137),
20170585.

https://acmcasereport.org/pdf/ACMCR-v10-1926.pdf
https://acmcasereport.org/pdf/ACMCR-v10-1926.pdf
https://www.gavinpublishers.com/article/view/case-report-the-microwave-syndrome-after-installation-of-5g-emphasizes-the-need-for-protection-from-radiofrequency-radiation
https://www.gavinpublishers.com/article/view/case-report-the-microwave-syndrome-after-installation-of-5g-emphasizes-the-need-for-protection-from-radiofrequency-radiation
https://www.gavinpublishers.com/article/view/case-report-the-microwave-syndrome-after-installation-of-5g-emphasizes-the-need-for-protection-from-radiofrequency-radiation
https://www.anncaserep.com/abstract.php?aid=9589
https://www.anncaserep.com/abstract.php?aid=9589
https://www.anncaserep.com/abstract.php?aid=9589
https://www.medtextpublications.com/open-access/an-eight-year-old-boy-developed-severe-headache-in-a-1582.pdf
https://www.medtextpublications.com/open-access/an-eight-year-old-boy-developed-severe-headache-in-a-1582.pdf
https://doi.org/10.29011/2577-2228.100382
https://doi.org/10.29011/2577-2228.100382
https://www.fortunejournals.com/articles/5g-radiofrequency-radiation-caused-the-microwave-syndrome-in-a-family-living-close-to-the-base-stations.pdf
https://www.fortunejournals.com/articles/5g-radiofrequency-radiation-caused-the-microwave-syndrome-in-a-family-living-close-to-the-base-stations.pdf
https://acmcasereport.org/wp-content/uploads/2023/12/ACMCR-v12-2046-1.pdf
https://acmcasereport.org/wp-content/uploads/2023/12/ACMCR-v12-2046-1.pdf
https://www.fortunejournals.com/articles/a-woman-aged-82-years-with-electromagnetic.pdf
https://www.fortunejournals.com/articles/a-woman-aged-82-years-with-electromagnetic.pdf
https://www.fortunejournals.com/articles/a-woman-aged-82-years-with-electromagnetic.pdf
https://www.frontiersin.org/articles/10.3389/fpls.2023.1227507/full
https://www.frontiersin.org/articles/10.3389/fpls.2023.1227507/full
https://www.frontiersin.org/articles/10.3389/fpls.2023.1227507/full
https://www.cell.com/iscience/fulltext/S2589-0042(23)01495-5
https://www.cell.com/iscience/fulltext/S2589-0042(23)01495-5
https://doi.org/10.1098/rsif.2017.0585
https://doi.org/10.1098/rsif.2017.0585
https://doi.org/10.1098/rsif.2017.0585


Zhang, J., Li, S., & Le, W. (2021). Advances of terahertz technology in neuroscience: Current
status and a future perspective. IScience, 24(12), 103548.

Zhao, L., Yi, R., Liu, S., Chi, Y., Tan, S., Dong, J., Wang, H., Zhang, J., Wang, H., Xu, X., Yao,
B., Wang, B., & Peng, R. (2023). Biological responses to terahertz radiation with different power
density in primary hippocampal neurons. PLOS ONE, 18(1), e0267064.

Airpods and earphones
● AirPods, like other Bluetooth headsets and earpods, will constantly transmit signals of

microwave radiofrequency radiation (RFR) while they are in your ears, whether you are
using them or not.

● Airpods and wireless earphones sit right near your skull. They transmit RFR directly next
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