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Millimeter Wave Studies Cited by IEEE 

While millimeter wave frequencies are new to wireless networks, they are extremely well 

understood by the international scientific community. The IEEE, which the FCC describes as 

“internationally recognized for [its] expertise in this area,” has assembled a list of dozens and 

dozens of studies on millimeter wave frequencies.  

In December 2019, the FCC, which regulates radiofrequency emissions in the United States, 

adopted the recommendations of expert organizations that have reviewed the science, including 

from the IEEE, and reaffirmed that its safety standards “ensure the health and safety of workers 

and consumers of wireless technology,” and that “no scientific evidence establishes a causal link 

between wireless device use and cancer or other illnesses.”  

The followings studies were cited in the IEEE Standard C95.1 in 1991/1992, 2005, or 2019 radio 

frequency exposure standards:  

1. Rosenthal S. W., Birenbaum L., Kaplan I. T., Metlay W., Snyder W. Z., Zaret M. M., 

“Effects of 35 and 107 GHz CW microwaves on the rabbit eye.” In: Johnson C.C. and 

Shore M.L.(eds), Biological Effects of Electromagnetic Waves, U.S. Dept. of Health, 

Education and Welfare, Washington, DC, HEW Publication (FDA) 77-8010, vol. 1, pp. 

110–128, 1976. 

2. Webb, S. J. and M. E. Stoneham, ''Resonances Between 100 and 1000 GHz in Active 

Bacterial Cells as Seen by Laser Raman Spectroscopy," Physics Letters, 60A (3), pp. 

267–268, 1977. 

3. Gandhi, 0. P., M.J. Hagmann, D. W. Hill, L. M. Partlow, and L. Bush, ''Millimeter Wave 

Absorption Spectra of Biological Samples," Bioelectromagnetics, 1 (3), pp. 285–298, 

1980. 

4. Motzkin, S. M., R. L. Melnick, C. Rubenstein, S. Rosenthal, and L. Birenbaum, "Effects 

of Millimeter Wave Irradiation on Mitochondral Oxidative Phosphorylation and Ca++ 

Transport," Proceedings of URSI International Symposium on Electromagnetic Waves 

and Biology, June-July 1980, Paris, France, pp. 109–115, 1980. 

5. Bush L. G., Hill D. W., Riazi A., Stensaas L. J., Partlow L. M., Gandhi O. P., “Effects of 

millimeter wave radiation on monolayer cell cultures. III. A search for frequency-specific 

athermal biological effects on protein synthesis,” Bioelectromagnetics, vol. 2, pp. 151–

159, 1981. 

6. Partlow, L. M., L. G: Bush, L. J. Stensaas, D. W. Hill, A. Riazi, and 0. P. Gandhi, 

''Effects of Millimeter-Wave Radiation on Monolayer Cell Cultures. I. Design and 

Validation of a Novel Exposure System," Bioelectromagnetics, 2 (2), pp. 123–140, 1981. 

7. Stensaas, L. J., L. M. Partlow, L. G. Bush, P. L. Iverson, D. W. Hill, M. J. Hagmann, and 

0. P. Gandhi, ''Effects of Millimeter-Wave Radiation on Monolayer Cell Cultures. II. 

Scanning and Transmission Electron Microscopy," Bioelectromagnetics, 2 (2), pp. 141–

150, 1981. 

8. Melnick R. L., Rubenstein C. P., Birenbaum L.,“Effects of millimeter wave irradiation on 

ATP synthesis and calcium transport in mitochondria,” Radiat. Res., vol. 89, pp. 348–

360, 1982. 
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9. Kremer F., Koschnitzke C., Santo L., Quick P., Poglitsch A., “The non-thermal effect of 

millimeter wave radiation on the puffing of giant chromosomes,” Z Naturforsch [C], vol. 

38, pp. 883–886, 1983. 

10. Aslan, E., “A Two MHz to Forty GHz Electromagnetic Radiation Probe,” International 

Microwave Power Institute Symposium Digest, Minneapolis, MN, Sep. 17–19, 1984. 

11. Gandhi, O. P., Riazi, A, “Absorption of millimeter waves by human beings and its 

biological implications,” IEEE Trans. Microwave Theory Tech., vol. 34, pp. 228–235, 

1986. 

12. Lukashevsky, K. V., and Belyaev, I. Y., “Switching of prophage lambda genes in 

Escherichia coli by millimeter waves,” Medical Science Research, vol. 18, pp. 955–957, 

1990. 

13. UNEP/WHO/IRPA, “Electromagnetic Fields (300 Hz-300 GHz),” Geneva, World Health 

Organization, Environmental Health Criteria 137, 1993. 

14. Neshev N. N., Kirilova E. I., “Possible nonthermal influence of millimeter waves on 

proton transfer in biomembranes,” Electro. Magnetobiol., vol. 13, pp. 191–194, 1994. 

15. Alekseev, S. I., and Ziskin, M. C., “Millimeter microwave effect on ion transport across 

lipid bilayer membranes,” Bioelectromagnetics, vol. 16, pp. 124–131, 1995 [IEEE-538]. 

16. Frei, M. R., Ryan, K., Berger, R., and Jauchem, J. R., “Sustained 35 GHz radiofrequency 

irradiation induces circulatory failure,” Shock, vol. 4, pp. 289–293, 1995, 

https://journals.lww.com/shockjournal/Abstract/1995/10000/SUSTAINED_35_GHz_RA

DIOFREQUENCY_IRRADIATION.10.aspx. 

17. Logani M. K., Ziskin M. C., “Continuous millimeter-wave radiation has no effect on lipid 

peroxidation in liposomes,” Radiat. Res., vol. 145, pp. 231–235, 1996. 

18. Ryan K. L., Frei M. R., Berger R. E., Jauchem J. R., “Does nitric oxide mediate 

circulatory failure induced by 35-GHz microwave heating?,” Shock, vol. 6, pp. 71–76, 

1996, 

https://journals.lww.com/shockjournal/Abstract/1996/07000/DOES_NITRIC_OXIDE_M

EDIATE_CIRCULATORY_FAILURE.15.aspx. 

19. Alekseev S. I., Ziskin, M. C., Kochetkova, N. V., and Bolshakov, M. A., “Millimeter 

waves thermally alter the firing rate of the Lymnaea pacemaker neuron,” 

Bioelectromagnetics, vol. 18, pp. 89–98, 1997. 

20. Health Council of the Netherlands: Radiofrequency Electromagnetic Fields Committee, 

Radiofrequency Electromagnetic Fields (300 Hz–300 GHz), Rijswijk: Health Council of 

the Netherlands, 1997; publication nr 1997/01, 

https://www.healthcouncil.nl/documents/advisory-reports/1997/01/28/radiofrequency-

electromagnetic-fields-300-hz-300-ghz. 

21. USAFRL Digest, Infrared Lasers & Millimeter Waves Workshop: The Links Between 

Microwaves & Laser Optics, U.S. Air Force Research Laboratories, Brooks AFB, TX, 

January, 1997, https://archive.org/details/DTIC_ADA361483/page/n3. 

22. ICNIRP (International Commission on Non-Ionizing Radiation Protection), “Guidelines 

for limiting exposure to time-varying electric, magnetic, and electromagnetic fields (up to 

300 GHz),” Health Physics, vol. 74, pp. 494–522, 1998, 

https://www.icnirp.org/cms/upload/publications/ICNIRPemfgdl.pdf. 

23. Rojavin, M. A., and Ziskin, M. C., “Medical application of millimeter waves,” Quarterly 

Journal of Medicine, vol. 91, pp. 57–66, 1998, 

https://academic.oup.com/qjmed/article/91/1/57/1570406. 

https://journals.lww.com/shockjournal/Abstract/1995/10000/SUSTAINED_35_GHz_RADIOFREQUENCY_IRRADIATION.10.aspx
https://journals.lww.com/shockjournal/Abstract/1995/10000/SUSTAINED_35_GHz_RADIOFREQUENCY_IRRADIATION.10.aspx
https://journals.lww.com/shockjournal/Abstract/1996/07000/DOES_NITRIC_OXIDE_MEDIATE_CIRCULATORY_FAILURE.15.aspx
https://journals.lww.com/shockjournal/Abstract/1996/07000/DOES_NITRIC_OXIDE_MEDIATE_CIRCULATORY_FAILURE.15.aspx
https://www.healthcouncil.nl/documents/advisory-reports/1997/01/28/radiofrequency-electromagnetic-fields-300-hz-300-ghz
https://www.healthcouncil.nl/documents/advisory-reports/1997/01/28/radiofrequency-electromagnetic-fields-300-hz-300-ghz
https://archive.org/details/DTIC_ADA361483/page/n3
https://www.icnirp.org/cms/upload/publications/ICNIRPemfgdl.pdf
https://academic.oup.com/qjmed/article/91/1/57/1570406
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24. Jauchem J. R., Ryan K. L., Frei M. R., “Cardiovascular and thermal responses in rats 

during 94 GHz irradiation,” Bioelectromagnetics, vol. 20, pp. 264–267, 1999. 

25. Kues H. A., D'Anna S. A., Osiander R., Green W. R., Monahan J. C., “Absence of ocular 

effects after either single or repeated exposure to 10 mW/cm2 from a 60 GHz source,” 

Bioelectromagnetics, vol. 20, pp. 463 - 473, 1999. 

26. Logani, M. K., Yi, L., and Ziskin, M. C., “Millimeter waves enhance delayed-type 

hypersensitivity in mouse skin,” Electro- and Magnetobiology, vol. 18, pp. 165–176, 

1999. 

27. Radzievsky, A. A., Rojavin, M. A., Cowan, A., and Ziskin, M. C., “Suppression of pain 

sensation caused by millimeter waves: A double blind, crossover, prospective human 

volunteer study,” Anesthesia & Analgesia, vol. 88, pp.836-840, 1999, 

https://journals.lww.com/anesthesia-

analgesia/fulltext/1999/04000/Suppression_of_Pain_Sensation_Caused_by_Millimeter.2

9.aspx. 

28. IEE, “The possible harmful biological effects of low level electromagnetic fields of 

frequencies up to 300 GHz,” Position statement, The Institution of Electrical Engineers 

Biological Effects Policy Advisory Group, May 2000. 

29. Rojavin, M. A., Radzievsky, A. A., Cowan, A., and Ziskin, M. C., “Pain relief caused by 

millimeter waves in mice: Results of cold water tail flick tests,” International Journal of 

Radiation Biology, vol. 76, no. 4, pp. 575–579, 2000. 

30. Walters T. J., Blick D. W., Johnson L. R., Adair E. R., Foster K. R., “Heating and pain 

sensation produced in human skin by millimeter waves: comparison to a simple thermal 

model,” Health Phys., vol. 78, pp. 259–267, 2000. 

31. Alekseev S. I., Ziskin M. C., “Distortion of millimeter wave absorption in biological 

media due to the presence of thermocouples and other objects,” IEEE Trans. Biomed. 

Eng., vol. 48, pp. 1013–1019, 2001. 

32. Mason P. A., Walters T. J., DiGiovanni J., Jauchem J., Dick E., Mahajan K., “Lack of 

effect of 94 GHz radio frequency radiation exposure in an animal model of skin 

carcinogenesis,” Carcinogenesis, vol. 22, pp. 1701–1708, 2001, 

https://academic.oup.com/carcin/article/22/10/1701/2733727. 

33. Szabo I., Rojavin M. A., Rogers T. J., Ziskin M. C., “Reactions of keratinocytes to in 

vitro millimeter wave exposure,” Bioelectromagnetics, vol. 22, pp. 358–364, 2001. 

34. ARPANSA, “Maximum Exposure Levels to Radiofrequency Fields—3 kHz to 300 

GHz,” Radiation Protection Series Publication No. 3, Australian Radiation Protection 

and Nuclear Safety Agency, Australian Radiation Protection & Nuclear Safety Agency, 

Lower Plenty Road, Yallambie VIC 3085, 2002. 

35. Chalfin, S., D’Andrea, J. A., Comeau, P. D., Belt, M. E., and Hatcher, D. J., “Millimeter 

wave absorption in the nonhuman primate eye at 35 GHz and 94 GHz,” Health Physics, 

vol. 83, pp. 83–90, 2002. 

36. CENELEC, European Standard EN 50383, “Basic Standard for the Calculation and 

Measurement of Electromagnetic Field Strength and SAR Related to Human Exposure 

from Radio Base Stations and Fixed Terminal Stations For Wireless Telecommunication 

Systems (110 MHz–40 GHz),” European Committee for Electrotechnical 

Standardization, August 2002. 

37. EN 50383:2002, Basic Standard for the Calculation and Measurement of Electromagnetic 

Field Strength and SAR Related to Human Exposure from Radio Base Stations and Fixed 

https://journals.lww.com/anesthesia-analgesia/fulltext/1999/04000/Suppression_of_Pain_Sensation_Caused_by_Millimeter.29.aspx
https://journals.lww.com/anesthesia-analgesia/fulltext/1999/04000/Suppression_of_Pain_Sensation_Caused_by_Millimeter.29.aspx
https://journals.lww.com/anesthesia-analgesia/fulltext/1999/04000/Suppression_of_Pain_Sensation_Caused_by_Millimeter.29.aspx
https://academic.oup.com/carcin/article/22/10/1701/2733727
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Terminal Stations for Wireless Telecommunication Systems (110 MHz–40 GHz), 

European Committee for Electrotechnical Standardization (CENELEC). 

38. Logani M. K., Anga A., Szabo I., Agelan A., Irizarry A. R., Ziskin M. C., “Effect of 

millimeter waves on cyclophosphamide induced suppression of the immune system,” 

Bioelectromagnetics, vol. 23, pp. 614–621, 2002. 

39. Makar, V. R., Logani, M. K., et al., “Effect of millimeter waves on cyclophosphamide 

induced suppression of T cell functions,” Bioelectromagnetics, vol. 24, no. 5, pp. 356–

365, 2003. 

40. NRPB, “Consultation Document—Proposals for limiting exposure to electromagnetic 

fields (0–300 GHz),” National Radiological Protection Board, Chilton, Didcot, OX11 

0RQ, 185, U.K., May 2003. 

41. Szabo, I., Manning, M. R., Radzievsky, A. A., Wetzel, M. A., Rogers, T. J., and Ziskin, 

M. C., “Low power millimeter wave irradiation exerts no harmful effect on human 

keratinocytes in vitro,” Bioelectromagnetics, vol. 24, pp. 165–173, 2003. 

42. NRPB, “Review of the scientific evidence for limiting exposure to electromagnetic fields 

(0–300 GHz),” Documents of the NRPB, vol. 12, no. 3, National Radiological Protection 

Board, Chilton, Didcot, Oxfordshire, UK, 2004a, 

https://webarchive.nationalarchives.gov.uk/20140714065300/http://www.hpa.org.uk/Publ

ications/Radiation/NPRBArchive/DocumentsOfTheNRPB/Absd1503/. 

43. NRPB, “Advice on limiting exposure to electromagnetic fields (0–300 GHz),” 

Documents of the NRPB, vol. 15, no. 2, National Radiological Protection Board, Chilton, 

Didcot, Oxfordshire, UK, 2004b, 

https://webarchive.nationalarchives.gov.uk/20140713082604/http://www.hpa.org.uk/Publ

ications/Radiation/NPRBArchive/DocumentsOfTheNRPB/Absd1502/. 

44. Alekseev, S. I., Radzievsky, A. A., Szabo, I., and Ziskin, M. C., “Local heating of human 

skin by millimeter waves: Effect of blood flow,” Bioelectromagnetics, vol. 26, pp. 489–

501, 2005. 

45. Beneduci, A., Chidichimo, G., De Rose, R., Filippelli, L., Straface, S. V., and Venuta, S., 

“Frequency and irradiation time-dependant antiproliferative effect of low-power 

millimeter waves on RPMI 7932 human melanoma cell line,” Anticancer Research, vol. 

25, no. 2A, 1023–1028, 2005, http://ar.iiarjournals.org/content/25/2A/1023.long. 

46. Makar, V. R., Logani, M. K., et al., “Effect of millimeter waves on natural killer cell 

activation,” Bioelectromagnetics, vol. 26, no. 1, pp. 10–19, 2005. 

47. Makar, V. R., Logani, M. K., et al., “Effect of cyclophosphamide and 61.22 GHz 

millimeter waves on T-cell, B-cell, and macrophage functions,” Bioelectromagnetics, vol. 

27, no. 6, pp. 458–466, 2006. 

48. Millenbauch, N. J., Kiel, J. L., Ryan, K. L., Blystone, R. V., Kalns, J. E., Brott, B. J., 

Cerna, C. Z., Lawrence, W. S., Soza, L. L., and Mason, P. A., “Comparison of blood 

pressure and thermal responses in rats exposed to millimeter wave energy or 

environmental heat,” Shock, vol. 25, no. 6, pp. 625–632, 2006. 

49. Szabo, I., Kappelmayer, J., et al., “Millimeter wave induced reversible externalization of 

phosphatidylserine molecules in cells exposed in vitro,” Bioelectromagnetics, vol. 27, no. 

3, pp. 233–244, 2006. 

50. Beneduci, A., Chidichimo, G., Tripepi, S., Perrotta, E., and Cufone, F., “Antiproliferative 

effect of millimeter radiation on human erythromyeloid leukemia cell line K562 in 

https://webarchive.nationalarchives.gov.uk/20140714065300/http:/www.hpa.org.uk/Publications/Radiation/NPRBArchive/DocumentsOfTheNRPB/Absd1503/
https://webarchive.nationalarchives.gov.uk/20140714065300/http:/www.hpa.org.uk/Publications/Radiation/NPRBArchive/DocumentsOfTheNRPB/Absd1503/
https://webarchive.nationalarchives.gov.uk/20140713082604/http:/www.hpa.org.uk/Publications/Radiation/NPRBArchive/DocumentsOfTheNRPB/Absd1502/
https://webarchive.nationalarchives.gov.uk/20140713082604/http:/www.hpa.org.uk/Publications/Radiation/NPRBArchive/DocumentsOfTheNRPB/Absd1502/
http://ar.iiarjournals.org/content/25/2A/1023.long
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culture: Ultrastructuraland metabolic-induced changes,” Bioelectrochemistry, vol. 70, no. 

2, pp. 214–220, May 2007. 

51. IEC 62311, IEC Standard Assessment of Electronic and Electrical Equipment Related to 

Human Exposure Restrictions for Electromagnetic Fields (0 Hz–300 GHz) (2007). 

52. Zhadobov, M., Sauleau, R., Le Coq, L., Debure, L., Thouroude, D., Michel, D., and Le 

Dréan, Y., “Low-power millimeter wave radiations do not alter stress-sensitive gene 

expression of chaperone proteins,” Bioelectromagnetics, vol. 28, no. 3, pp. 188–196, 

2007. 

53. Radzievsky, A. A., Gordiienko, O. V., Alekseev, S. I., Szabo, I., Cowan, A., and Ziskin, 

M. C., “Electromagnetic millimeter wave induced hypoalgesia: Frequency dependence 

and involvement of endogenous opioids,” Bioelectromagnetics, vol. 29, pp. 284–295, 

2008. 

54. Alekseev, S. I., and Ziskin, M. C., “Influence of blood flow and millimeter wave 

exposure on skin temperature in different thermal models,” Bioelectromagnetics, vol. 30, 

pp. 52–58, 2009. 

55. ICNIRP (International Commission on Non-Ionizing Radiation Protection), “Exposure to 

high frequency electromagnetic fields, biological effects and health consequences (100 

kHz-300 GHz),” https://www.icnirp.org/en/publications/article/hf-review-2009.html, 

2009. 

56. ICNIRP (International Commission on Non-Ionizing Radiation Protection), ICNIRP 

statement on the “Guidelines for limiting exposure to time-varying electric, magnetic, 

and electromagnetic fields (up to 300 GHz),” 

https://www.icnirp.org/cms/upload/publications/ICNIRPStatementEMF.pdf, 2009. 

57. Kojima, M., Hanazawa, M., Yamashiro, Y., Sasaki, H., Watanabe, S., Taki, M., Suzuki, 

Y., Hirata, A., Kamimura, Y., and Sasaki, K., “Acute ocular injuries caused by 60-Ghz 

millimeter-wave exposure,” Health Physics, vol. 97, pp. 212–218, 2009. 

58. Nicolaz, C. N., et al., “Absence of direct effect of low-power millimeter-wave radiation 

at 60.4 GHz on endoplasmic reticulum stress,” Cell Biology and Toxicology, vol. 25, no. 

5, pp. 471–478, 2009. 

59. Nicolaz, C. N., et al., “Study of narrow band millimeter-wave potential interactions with 

endoplasmic reticulum stress sensor genes,” Bioelectromagnetics, vol. 30, no. 5, pp. 365–

373, 2009. 

60. Zhadobov, M., Desmots, F., Thouroude, D., Michel, D., and Drean, Y., “Evaluation of 

the potential biological effects of the 60-GHz millimeter waves upon human cells,” IEEE 

Transactions on Antennas Propagation, vol. 57, no. 10, pp. 2949–2956, 2009. 

61. IEC 62479, Assessment of the Compliance of Low-Power Electronic and Electrical 

Equipment with the Basic Restrictions Related to Human Exposure to Electromagnetic 

Fields (10 MHz to 300 GHz) (2010). 

62. Institute of Engineering and Technology, Position Statement on the Possible Harmful 

Biological Effects of Low-Level Electromagnetic Fields of Frequencies up to 300 GHz, 

https://web.archive.org/web/20100715080536/http://www.theiet.org/factfiles/bioeffects/p

ostat02final.cfm?type=pdf, 2010. 

63. Kanezaki, A., Hirata, S., Watanabe, S., and Shirai, H., “Parameter variation effects on 

temperature elevation in a steady-state, one-dimensional thermal model for millimeter 

wave exposure of one and three-layer human tissue,” Physics in Medicine and Biology, 

vol. 55, pp. 4647–4659, 2010. 

https://www.icnirp.org/cms/upload/publications/ICNIRPStatementEMF.pdf
https://web.archive.org/web/20100715080536/http:/www.theiet.org/factfiles/bioeffects/postat02final.cfm?type=pdf
https://web.archive.org/web/20100715080536/http:/www.theiet.org/factfiles/bioeffects/postat02final.cfm?type=pdf
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64. Sypniewska, R. K., Millenbaugh, N. J., et al., “Protein changes in macrophages induced 

by plasma from rats exposed to 35 GHz millimeter waves,” Bioelectromagnetics, vol. 31, 

no. 8, pp. 656–663, 2010. 

65. Pikov, V., Arakaki, X., Harrington, V., Fraser, S. E., and Siegel, P. H., “Modulation of 

neuronal activity and plasma membrane properties with low-power millimeter waves in 

organotypic cortical slices,” Journal of Neural Engineering, vol. 7, pp. 1–9, 2010. 

66. Wu, G., et al., “Millimeter wave treatment inhibits the mitochondrion-dependent 

apoptosis pathway in chondrocytes,” Molecular Medicine Reports, vol. 4, no. 5, pp. 

1001–1006, 2011, https://www.spandidos-publications.com/mmr/4/5/1001. 

67. Zhadobov, M., Chahat, N., Sauleau, R., Le Quement, C., and Le Drean, Y., “Millimeter-

wave interactions with the human body: State of knowledge and recent advances,” IEEE 

Transactions on Microwave Theory and Techniques, vol. 3, no. 2, pp. 237–247, 2011, 

https://www.cambridge.org/core/services/aop-cambridge-

core/content/view/44B43B3E7CA335E5E1CD407BE2A1EA29/S1759078711000122a.p

df/millimeterwave_interactions_with_the_human_body_state_of_knowledge_and_recent

_advances.pdf. 
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canada/services/environmentalworkplace-health/reports-publications/radiation/safety-

code-6-health-canada-radiofrequencyexposure-guidelines-environmental-workplace-

health-health-canada.html, 2015. 
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