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Webinar learning objectives

• What is radiofrequency radiation (RFR)?
• How are we exposed?
• Health effects (focus on tumor risk)?
• Role of government?
• Role of industry?
• Personal safety tips



Communications technology and 
radiofrequency radiation



Electromagnetic spectrum:
cellular technology

Martin Blank. EMF and health risk: a scientific perspective. 
Commonwealth Club, San Francisco, 2010.



Does industry control government 
regulatory agencies?



U.S. government research



FDA called for more research in 1999

• “The existing exposure guidelines are based on 
protection from acute injury from thermal effects of radio 
frequency radiation exposure, and may not be protective 
against any non-thermal effects of chronic exposure.”

• “A significant research effort is needed… to provide the 
basis to assess the risk to human health of wireless 
communications devices.” 

http://bit.ly/FDA1999

http://bit.ly/FDA1999


National Toxicology Program Study: 
Final Reports (2018)

https://www.saferemr.com/2018/11/NTP-final-reports31.html


NTP Study: Additional effects

• DNA damage in brains of mice & rats (male & female).
• Increased degeneration in hearts of male & female rats.
• Decreased birth weights in rats exposed prenatally.
• Overall tumor incidence in male rats was greater after 2 

years of cell phone radiation exposure (see Appendix).
– Highest overall cancer incidence (42%-46%) in middle exposure 

group (3 watts per kilogram [W/kg]); significantly greater than 
sham control group (27%).

– Lowest exposure group (1.5 W/kg) had significantly greater non-
malignant tumor incidence (73%-76%) vs. sham control group 
(54%).

• Ramazzini Institute study
Results confirm key NTP 
findings with lower exposure.

https://www.saferemr.com/2018/11/NTP-final-reports31.html
https://www.saferemr.com/2018/03/RI-study-on-cell-phone.html


Other research on wireless radiation 
health effects



Oxidative stress from low-intensity 
radio frequency radiation

Yakymenko et al. (2015) review
• 93 of 100 studies (73 animal/plant, 16 cell 

samples, 4 human studies) found significant 
evidence of oxidative stress.

• Oxidative stress = imbalance between free 
radical production & body’s ability to counteract 
harmful effects via antioxidants.

• Effects = disrupted cell signaling, stress 
proteins, free radical formation, DNA-damage 
neurologic disorders and cancer.

http://bit.ly/keycellphonestudies

http://bit.ly/keycellphonestudies


Preponderance of peer-reviewed 
research finds adverse biologic effects

• 1,000+ biological studies from 1990-2024 found 
effects of radio frequency radiation.

• Significant effects found in …
– 89% of 367 oxidative effects and free radical studies,
– 83% of 335 reproduction / development studies,
– 77% of 435 neurological studies, and
– 70% of 466 genetic effect & DNA comet assay 

studies.

From Dr. Henry Lai’s research summaries
See also:

Recent Research on Wireless Radiation & EMF 

https://www.saferemr.com/2018/02/effects-of-exposure-to-electromagnetic.html
https://www.saferemr.com/2022/06/recent-research-on-wireless-radiation.html


Research on tumor risk from cell 
phone radiation



Meta-analysis: Heavy, long-term 
cellphone use increased tumor risk

• Our 2020 review of 46 case-control studies 
updated our 2009 review in Journal of Clinical 
Oncology. 

• Study results
– No consistent pattern for any regular cellphone use 

(once a week for 6 months).
– 60% increased tumor risk for cumulative call time 

>1,000 hours (average 17 minutes/day over 10 years) 
based on 8 studies (OR=1.60, 95% CI=1.12-2.30).

Choi, Moskowitz, Myung, Lee, Hong. Cellular Phone Use and Risk of 
Tumors: Systematic Review and Meta-Analysis. Int J Environ Res 
Public Health. 2020; 17(21):8079. doi: 10.3390/ijerph17218079. 

https://pubmed.ncbi.nlm.nih.gov/19826127/
https://www.mdpi.com/1660-4601/17/21/8079


Increases in brain tumor incidence 
over time in U.S. (registry data)

• Glioma in frontal lobe in adults 20-29 years of age
• Glioblastoma in frontal & temporal lobes & cerebellum
• Malignant brain & central nervous system tumors among 

children (0-14 years of age)
• Nonmalignant meningioma across all age groups.

http://bit.ly/risingtumors

https://bit.ly/3ErsXi6

http://bit.ly/risingtumors
https://bit.ly/3ErsXi6


Child’s brain absorbs 2X the radiation

Gandhi et al., 2012

https://bit.ly/keycellphonestudies

https://bit.ly/keycellphonestudies


Thyroid cancer incidence vs. cellular 
technology use & case-control study

Luo et al (2019). Cell phone use and risk of thyroid cancer: a population-based case-
control study in Connecticut. Annals of Epidemiology. http://bit.ly/saferEMRthyroid
(2010-2011 data)

Luo et al (2020). Genetic susceptibility may modify the association between cell phone 
use and thyroid cancer: A population-based case-control study in Connecticut. 
Environmental Research. http://bit.ly/EMRthyroid

http://bit.ly/saferEMRthyroid
http://bit.ly/EMRthyroid


Human studies find various health 
risks associated with cell phone use

• Tumor risk: glioma, meningioma, acoustic 
neuroma; thyroid, parotid & pituitary glands; 
breast

• Reproductive harm: sperm damage, male 
infertility, miscarriage, preterm birth

• Prenatal/Children: headaches, hearing 
problems, impaired memory, ADHD

• Electromagnetic hypersensitivity: headaches, 
memory impairment, fatigue, insomnia, heart 
palpitations, muscle pain, skin conditions, etc.



Human cell tower studies

“Overall results of this review show three types of effects by
base station antennas on the health of people: radiofrequency
sickness (RS), cancer (C) and changes in biochemical
parameters (CBP). Considering all the studies reviewed
globally (n = 38), 73.6% (28/38) showed effects: 73.9% (17/23)
for radiofrequency sickness, 76.9% (10/13) for cancer and
75.0% (6/8) for changes in biochemical parameters….”

https://bit.ly/saferEMRtower

https://bit.ly/saferEMRtower


Electromagnetic fields (EMF) threaten 
wildlife

“Numerous studies … indicate that current low-level
anthropogenic EMF can have myriad adverse and
synergistic effects, including on orientation and migration,
food finding, reproduction, mating, nest and den building,
territorial maintenance and defense, and on vitality,
longevity and survivorship itself. Effects have been
observed in mammals … and on birds, insects,
amphibians, reptiles, microbes and many species of flora.”

Levitt, Lai, and Manville (2021) – for summaries of this 150-page 
monograph and related research see https://bit.ly/EMRwildlife.

https://bit.ly/EMRwildlife


2018 CTIA campaign:
“The Global Race to 5G”

http://bit.ly/CTIArace

https://bit.ly/44CWKio

http://bit.ly/CTIArace
https://bit.ly/44CWKio


5G



Observations | Opinion

https://bit.ly/5GSciAmJMM

https://bit.ly/3s4F55B

https://bit.ly/5GSciAmJMM
https://bit.ly/3s4F55B


Key points in my 2019 SciAm op-ed

• FCC exposure limits based upon 2 studies which observed 
behavioral change in 8 rats & 5 monkeys exposed to 
microwave radiation for 40-60 minutes.

• Limits designed to protect us only from short-term heating 
risks, not from chronic disease.

• 500+ studies found adverse biologic or health effects from 
low-intensity (sub-thermal) exposure to microwave radiation.

• No research on effects of 5G available.
• Senator Richard Blumenthal (2019): 5G

https://drive.google.com/file/d/1ZcI0mHUoPlu3tBsWufCg28lXd7V2prKY/view
https://drive.google.com/file/d/19CbWmdGTnnW1iZ9pxlxq1ssAdYl3Eur3/view
https://www.blumenthal.senate.gov/newsroom/press/release/at-senate-commerce-hearing-blumenthal-raises-concerns-on-5g-wireless-technologys-potential-health-risks


Millimeter wave effects

https://www.mdpi.com/1424-8220/20/5/1480

https://www.mdpi.com/1424-8220/20/5/1480


Review: Millimeter wave effects on 
head and neck region



5G biological & health effects

• EMF-Portal lists 33 “5G” effects studies.
– Studies found ”adverse effects on the 

neuroendocrine system, the cardiovascular 
system, sleep quality, sperm quality, bone 
quality, gene expression, and sensorimotor 
responses.” 

– All 33 used 5G carrier frequencies; only 5 
used 5G modulation & only 4 had other key 
features of 5G (e.g., beamforming, massive 
MIMO; phased antenna arrays).

https://bit.ly/is5Gsafe

https://bit.ly/is5Gsafe


Increasing scientific consensus or 
scientific controversy?



International Agency for Research on 
Cancer expert working group

PRESS RELEASE 
N° 208 

31 May 2011
IARC CLASSIFIES RADIOFREQUENCY ELECTROMAGNETIC FIELDS AS 

POSSIBLY CARCINOGENIC TO HUMANS 

https://www.thelancet.com/action/showPdf?pii=S1470-2045%2819%2930246-3

https://www.thelancet.com/action/showPdf?pii=S1470-2045%2819%2930246-3


International EMF Scientist Appeal

“Numerous recent scientific publications have shown that EMF
affects living organisms at levels well below most international
and national guidelines. Effects include increased cancer risk,
cellular stress, increase in harmful free radicals, genetic
damages, structural and functional changes of the reproductive
system, learning and memory deficits, neurological disorders,
and negative impacts on general well-being in humans. Damage
goes well beyond the human race, as there is growing evidence
of harmful effects to both plant and animal life.”

https://emfscientist.org/


5G appeal: Scientists & doctors call 
for moratorium on deployment

• 2017: Submitted to European Commission
• Currently signed by more than 430 

scientists & physicians from 47 nations 
including ~100 EMF scientists.

www.5gappeal.eu

http://www.5gappeal.eu/
http://www.5gappeal.eu/


ICBE-EMF: Royal Society of Medicine 
2023 webinar

Recording available online: https://icbe-emf.org/activities/webinar-june-14-2023/

https://icbe-emf.org/activities/webinar-june-14-2023/


ICBE-EMF: Peer-reviewed 
publications

Scientific evidence invalidates health assumptions underlying the FCC 
and ICNIRP exposure limit determinations for radiofrequency radiation: 
Implications for 5G (2022) 

Cell phone radiation exposure limits and engineering solutions (2023) 

COSMOS: A methodologically-flawed cohort study of the health effects 
from exposure to radiofrequency radiation from mobile phone use 
(2024)

A critical appraisal of the WHO 2024 systematic review of the effects of 
RF-EMF exposure on tinnitus, migraine/headache, and non-specific 
symptoms (2024)

https://ehjournal.biomedcentral.com/articles/10.1186/s12940-022-00900-9
https://www.mdpi.com/1660-4601/20/7/5398
https://www.sciencedirect.com/science/article/pii/S0160412024003933?via%3Dihub
https://www.degruyter.com/document/doi/10.1515/reveh-2024-0069/html


Critical commentary on WHO reviews 
of RF radiation health effects

Biased WHO-commissioned review 
claims no cancer link to cellphone use

WHO Radiofrequency EMF Health Risk 
Assessment Monograph 

Old Wine in New Bottles: Decoding 
New WHO–ICNIRP Cancer Review 
Game Over? Likely Not (Microwave 
News)

A critical appraisal of the WHO 2024 
systematic review of the effects of RF-
EMF exposure on tinnitus, 
migraine/headache, and non-specific 
symptoms (Reviews on Environmental 
Health)

https://www.saferemr.com/2024/09/biased-who-commissioned-review-claims.html
https://www.saferemr.com/2021/09/who-radiofrequency-emf-health-risk.html
https://microwavenews.com/news-center/old-wine-new-bottles
https://www.degruyter.com/document/doi/10.1515/reveh-2024-0069/html


Safety tips

http://bit.ly/CDPHtips3http://bit.ly/EMRsafetyTips

A
L
A
R
A

http://bit.ly/CDPHtips3
http://bit.ly/EMRsafetyTips


Concluding thoughts

“We are guinea pigs in a massive technological
experiment that threatens our health. Our government
must fund the research needed to determine a safe level
of wireless radiation exposure and strengthen the FCC's
radio frequency exposure limits.

In the meantime, the government should impose a
moratorium on technologies that increase our wireless
radiation exposure, especially to new forms of wireless
radiation like 5G.”

Joel M. Moskowitz, Ph.D.

NTP Cell Phone Radiation: Final Reports

https://www.saferemr.com/2018/11/NTP-final-reports31.html


Resources

“How the FCC Shields Cellphone Companies From 
Safety Concerns” Peter Elkind, ProPublica, Nov 10, 2022

Key Cell Phone Radiation Research Studies
Intl. Commission on the Biological Effects of EMF

International EMF Scientist Appeal
Physicians for Safe Technology

Environmental Health Trust
5G Appeal
EMF-Portal

https://bit.ly/ProPublicaFCC
http://www.saferemr.com/2016/08/key-cell-phone-radiation-research.html
https://icbe-emf.org/
https://emfscientist.org/
https://mdsafetech.org/
https://ehtrust.org/
http://www.5gappeal.eu/
https://www.emf-portal.org/en


Contact information

Joel M. Moskowitz, Ph.D.
School of Public Health

University of California, Berkeley

jmm@berkeley.edu

Saferemr.com

http://saferemr.com/
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