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          Final reports from the rat and mouse studies, plus the press release and fact sheet, are now available.
        

      

        

      
        
            



        

        
          Research Overview

          Status: Completed

          
            Substances: 
              

    Cell Phone Radiation: GSM
  
    Cell Phone Radiation: CDMA
  

                                    
          
                          
Nominated: 
                              May 1999
                          
                      
          

        

      


              
          
            Background Information

          

          Cell phones are currently used by 95% of American adults. The U.S. Food and Drug Administration (FDA) nominated radio frequency radiation (RFR) used by cell phones for an NTP study because of widespread public use of cell phones and limited knowledge about potential health effects from long-term exposure.
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            NTP Studies & Findings

          

          NTP conducted two-year toxicology studies in rats and mice to help clarify potential health hazards, including cancer risk, from exposure to RFR like that used in 2G and 3G cell phones which operate within a range of frequencies from about 700–2700 megahertz (MHz). These were published as Technical Reports in November 2018.


What did the studies find?


NTP uses a standard scale (graphic of NTP’s Level of Evidence Rating System for Cancer Studies) to determine the strength of the evidence for an association between the exposure and findings in the tissues or organs studied. The scale ranges from the highest rating of “clear evidence,” followed by “some evidence,” then “equivocal evidence,” and finally “no evidence.” Different organs or tissues can have different conclusions.


The NTP studies found that high exposure to RFR (900 MHz) used by cell phones was associated with:


	Clear evidence of an association with tumors in the hearts of male rats. The tumors were malignant schwannomas.
	Some evidence of an association with tumors in the brains of male rats. The tumors were malignant gliomas.
	Some evidence of an association with tumors in the adrenal glands of male rats. The tumors were benign, malignant, or complex combined pheochromocytoma.

It was unclear if tumors observed in the studies were caused by exposure to RFR in female rats (900 MHz) and male and female mice (1900MHz).


As a follow-up, NTP published an article in October 2019 that evaluated DNA damage in three regions of the brain, the liver, and in blood cells in rats and mice that were removed at an earlier timepoint from the ongoing 2-year toxicology study. DNA damage, if not repaired, can potentially lead to tumors. This work was also included in NTP’s published Technical Reports, but this study includes analyses of the data in the supporting information not included in the Technical Reports.


NTP scientists found that RFR exposure was associated with an increase in DNA damage. Specifically, they found RFR exposure was linked with significant increases in DNA damage in:


	the frontal cortex of the brain in male mice,
	the blood cells of female mice, and
	the hippocampus of male rats.

There are many factors that influence whether damaged DNA will lead to tumors. NTP plans to conduct additional studies to learn more about how RFR might cause DNA damage. Please see the FAQs below for more information about the specific studies and NTP’s cell phone RFR program.


Are there plans for future studies?


NIEHS scientists in the Division of Translational Toxicology, which supports the National Toxicology Program, undertook research to better understand some of the findings seen in the earlier Radio Frequency Radiation (RFR) rodent studies reported in NTP Technical reports TR-595 and TR-596.


The goals of this new research were to determine the impact of RFR exposure on behavior and stress, conduct real-time physiological monitoring, including evaluation of heart rate, investigate whether RFR exposure induces heating, and evaluate further whether RFR exposure causes DNA damage.


To accomplish these goals:


	Researchers designed and developed a novel custom small-scale RFR exposure system, which included building, testing, and validating the exposure system. This new exposure system was based on the system used in the published NTP rodent studies.
	Researchers then conducted a series of in vivo rodent studies to assess the suitability of the new exposure system. These short-term studies were designed to allow a comparison between the new exposure system and the original exposure system.

NIEHS has completed the feasibility testing of this small-scale RFR exposure system, and the results will be made publicly available and posted on this webpage when internal reviews are finished.


The research using this small-scale RFR exposure system was technically challenging and more resource intensive than expected. In addition, this exposure system was designed to study the frequencies and modulations used in 2G and 3G devices, but is not representative of newer technologies such as 4G/4G-LTE, or 5G (which is still not fully defined). Taking these factors into consideration, no further work with this RFR exposure system will be conducted and NIEHS has no further plans to conduct additional RFR exposure studies at this time.
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            Informational Resources

          

          Fact Sheet and NIEHS Health Topic	Cell Phone Radiofrequency Radiation Studies

	Updated January 2024
	NIEHS Health Topic: Cell Phone Radiofrequency Radiation Studies

	Reviewed January 2024

FAQResults/Human Relevance


Q: How do the cancer findings in male rats translate to what might be seen in people? 

A: NTP concluded that the findings from these studies show a link between exposure to radiofrequency radiation (RFR) used by cell phones and heart tumors. These findings were also supported by other precancerous changes in heart tissue. The type of brain cancer observed is similar to a type of brain tumor associated with heavy cell phone use in some human studies. Scientists still don’t know if there is a link between heart tumors and heavy cell phone use. Still, the effects observed were relatively rare. Heart cancer was observed in approximately 2% of rats that were exposed at a lower level of RFR. Heart cancer was seen in 5–6% of rats exposed to a higher power level—four times higher than the maximum human exposure.


Q: Does the fact that the animals were exposed to radiation all over their bodies (unlike humans who expose only certain body parts to cellphones) and for longer periods of time than humans generally used their phone make it difficult or impossible to extrapolate these results for human health? 

A: NTP’s studies were conducted with whole-body exposures to evaluate the potential hazard to exposure across the entire body and not just particular regions. This allowed study scientists to identify particular organs that may be more at risk to the potential effects of RFR, as was the case in the hearts of male rats. When extrapolating from animal studies to human risk assessment for the effects of RFR, many complicating factors make the evaluation of exposure challenging, including the various ways people use their cell phones during normal usage conditions, such as via Bluetooth or speakerphone, or by putting the device directly next to their ear. It also includes variation in individual exposure due to disparities in signal strength depending on location. When extrapolating from highly controlled studies in laboratory animals to the less-ordered exposure scenario that occurs in humans, many factors need to be addressed and these findings should not be directly extrapolated to human cell phone usage.


Q: Why is it so difficult to understand the effect of these radiation-emitting devices on human health? 

A: Studying RFR is complicated. In addition to the toxicologists, statisticians, geneticists, pathologists, and animal care staff, NTP scientists worked with electrical engineers and experts in RFR to design and build the exposure systems and monitor the exposures used in these studies. The goal was to identify what health effects could potentially be seen in humans. These studies will hopefully help other scientists have some ideas about what to watch for in humans as our RFR exposures change over time. This is why NTP conducts toxicology studies—to give other researchers a starting point.


Q: Why is studying RFR challenging?

A: Laboratories worldwide have conducted many studies on the effects of exposure to radiofrequency radiation (RFR). The varied approaches and sometimes-conflicting results of these studies make it difficult to integrate the data into a conclusive answer regarding RFR’s safety. Due to inherent challenges in studying electromagnetic radiation, conducting robust studies on RFR tends to be more complicated than conducting toxicology studies on drug or environmental chemicals. Scientists need to consider both study design and how technical approaches and equipment were validated. An important factor in studying RFR is ensuring that experimental animals are consistently exposed to constant levels of RFR and under conditions that do not cause stress in the animals.


Q: If mobile phones cause certain cancers, shouldn’t we expect to see an increase in the incidence of certain cancer types?

A: There are many types of cancer with many contributing factors. Linking a certain cancer type to mobile phone use requires comparing specific types of cancers in groups of people who differ in their exposures to RFR. In studies conducted to date, scientists have not seen consistent increases in human cancers in organs that are exposed to RFR during typical mobile phone use. However, some studies in humans have reported increased incidences in brain tumors associated with heavy cell phone use. Scientists have not determined if RFR at any exposure level or duration does or does not increase cancers in people. There is uncertainty about whether some people are more susceptible to adverse effects from RFR exposures than other people.


Q: What issue that researchers are studying is most worrisome in terms of public health? 

A: Most concern has focused, historically, on the potential health effect of cell phone RFR exposure on the brain in humans. This concern was based on the fact that people used their cell phones in close proximity to their heads. Over the years, however, as the devices have become more capable, with greater connectivity at increased speed, the way consumers use their devices has been evolving. Cell phones are no longer only used to make and receive phone calls, which means that the devices may be held at locations other than against the head.


Q: Is there a way to convert the amount of exposure experienced by the male rats that developed tumors to what humans might be exposed to? 

A: Extrapolation of NTP findings to humans is not straightforward, and the studies were not designed with that as a primary purpose. Rather, the purpose was to test whether exposures to RFR could cause biological effects at levels of exposure that did not significantly raise the body temperature of the animals. Current RFR human exposure limits by the Federal Communications Commission (FCC) and the U.S. Food and Drug Administration (FDA) for cell phone use mandate that the temperature of tissue next to where the phone is held does not increase by more than 1 degree Celsius.


Q: Why did NTP see more cancer in male rats than in female rats? 

A: NTP scientists aren’t sure why male rats appear to be at greater risk for developing tumors compared with female rats.


Q: If the studies on DNA damage were included in the Technical Reports, why did NTP publish a stand-alone study on these findings? 

A: The stand-alone study provides more information on how the DNA damage data were analyzed in the Supporting Information section. The conclusions of the stand-alone study are the same as the conclusions in the Technical Reports.


Q: How does NTP study the amount of DNA damage in a cell and what are the implications of the results of this kind of experiment? 

A: To study DNA damage NTP used a test called a comet assay, also known as a single cell gel electrophoresis assay. This experiment provides a general indication of DNA damage in a cell. Cells have many enzymes that repair DNA, so the amount of DNA damage that is observed at one time is dependent on how much damage was caused initially and how quickly and effectively the cell can repair the damage. Hypothetically, a cell could repair all of the damage, or it could experience so much damage that it dies. In both of these scenarios, the DNA damage is eliminated. However, if the DNA damage is not repaired, or if it is repaired but incorrectly, then when that cell divides, the daughter cells may have those damaged areas in their DNA that potentially could lead to tumors. NTP did not do a time course study, so they don’t know if the cells were able to repair all of the damage and, therefore, would have been at lower risk of potentially becoming a cancer cell. NTP scientists did learn that RFR exposure leads to DNA damage under the conditions of the study, but they do not know the mechanism by which RFR caused DNA damage.


Q: Did NTP find any health benefits of exposure to cell phone RFR? 

A: Interestingly, exposure to RFR extended the lifespan of male rats, although NTP scientists are not yet sure why. They did notice that exposure to cell phone RFR appeared to lessen chronic kidney disease in aging male rats, which is often the animals’ cause of natural death.


Q: How do the animal exposures in this study relate to human exposures from modern cell phones? 

A: A major difference is that, in the studies, the animals were exposed over their whole bodies, in contrast to human exposure, which is typically from a single point of exposure at a more localized area. Most previous studies had focused on exposure to the brain, but NTP researchers wanted to make sure that they were considering effects to the whole body, especially since people don’t hold their phones next to their head much of time.


Q: Can the findings be directly extrapolated to humans? 

A: There are two ways to look at this. Do they directly apply? No. There were differences between how the animals were exposed to RFR in the studies and the exposure experience by someone who uses a cell phone. On the other hand, some of the tumors in exposed animals have also been seen in humans, so they may have relevance.


Q: Have NTP scientists changed their cell phone use or what they recommend to their families? 

A: NTP believes that the public and its scientists should be aware of their exposures to cell phone RFR, and that they should be aware of FDA’s tips for reducing exposure:


	Reduce the amount of time spent using your cell phone, and
	Use the speaker mode or a headset to place more distance between your head and the cell phone.

Study Methods


Q: How much did the study cost? Why did it take so long? 

A: The study cost $30 million and took about 10 years. It took a significant amount of time because NTP first evaluated existing studies of the topic and then decided to design a new system for exposing rats and mice to cell phone RFR. This new system improved on what was being used at the time. NTP scientists conducted preliminary studies testing body temperature increases or overt toxicity before finally getting to the two-year toxicity studies in rats and mice. Then they evaluated 40 tissues from nearly 3,000 animals for cancer and other tissue changes, followed by statistical analysis and writing the reports.


Q: Can NTP provide more information on how these studies were conducted? 

A: The studies were conducted in three phases. First, because radiofrequency radiation generates heat when absorbed by the body, NTP did pilot studies to determine exposure levels that did not exceed the ability of the animals to maintain normal body temperatures. Next, the scientists did short duration studies to determine exposure levels that did not affect the normal growth and development of rats and mice. And finally, they performed studies in which pregnant rats and their offspring, and young adult mice, were exposed to radiofrequency radiation for the better part of their natural lifetime, or approximately two years.


Q: Where were the studies conducted? 

A: NTP conducted the study at the Illinois Institute of Technology Research Institute in Chicago, Illinois.


Q: What are the details of the reverberation chambers used in the study? 

A: The reverberation chambers used to expose rats and mice to cell phone RFR were conceptualized by the National Institute for Standards and Technology (NIST) and further designed and tested by NIST and the Foundation for Research on Information Technologies in Society (IT’IS Foundation) in Zurich, Switzerland. The reverberation chamber system used allowed lengthy daily exposures to unrestrained rodents lessening the chance for heating and stress as in restrained animal exposure systems used by others.


Q: What were the studies’ strengths? 

A: A major strength of the study is that NTP scientists had better control of the RFR exposures. That’s one of the reasons they spent so much time on the exposure system, to make sure they were testing what they wanted to test.


Q: What are some of the studies’ limitations? 

A: This study had a lot fewer limitations than much of the prior research conducted on this topic. The main limitation was the unexpected finding of longer lifespans among the exposed male rats, but this may be explained by an observed concurrent decrease in chronic kidney problems that are often the rats’ cause of death.


Q: Exactly how much radiation were the animals exposed to and over what period of time? 

A: In NTP’s chronic studies, the rats were exposed to between 1.5 and 6 Watts RFR per kilogram of body weight (W/kg) for two years. In the mouse studies, animals were exposed to between 2.5 and 10 W/kg for two years. These were whole-body exposures, so the animals were exposed evenly across their entire bodies.


Q: What is the difference between CDMA and GSM modulations? 

A: Code Division Multiple Access (CDMA) and Global System for Mobile Communications (GSM) are two common ways of transmitting cell phone signals in the United States and Europe. There are substantial differences in signal structure that may result in different exposures to cell phone RFR, so NTP wanted to expose the animals to both modulations. CDMA sends data in small bits over a number of the discrete frequencies available for use at any time in the specified range, a form of transmission known as Direct Sequence Spread Spectrum. CDMA signal modulation is based on code division separation of mobile stations as well as base stations. GSM, which was developed to establish a digital standard throughout Europe, allows the transmission of basic data services such as Short Message Service (SMS), but not large packets of data such as internet access and streaming video.


Q: Were the pathology reviews blinded? How was blinding handled? 

A: Yes, the pathology evaluation of the RFR rat and mouse studies was performed according to standard practices in toxicologic pathology. This involved a three-step review process that included: 1) unblinded reads by the initial study pathologist, 2) a second quality assurance pathology review, then 3) a blinded evaluation of target lesions by a group of NTP and outside expert pathologists. All pathology slides from NTP studies are housed in the NTP archives and are available for review by anyone interested.


Q: How does NTP classify evidence of carcinogenicity? 

A: The four classifications of evidence of carcinogenicity are:


	clear evidence (the highest level),
	some evidence,
	equivocal evidence, and
	no evidence (the lowest level).
	If there is insufficient evidence to draw conclusions, NTP uses the term “inadequate study.”

Q: Could the results be due to thermal changes from RFR, or the result of stress to the animals? 

A: The role of thermal changes on cancer development needs to be further investigated. The NTP studies were performed at power levels that limited heating to less than 1 degree Celsius. (Note: The Federal Communications Commission (FCC) and the U.S. Food and Drug Administration (FDA) currently allow 1 degree Celsius local tissue heating for cell phones operating at maximal power, as would occur when in an elevator or when far away from a base station.)


Different Generations of Wireless Technology


Q: The previous NTP studies were conducted at frequencies and modulations used by 2G and 3G devices. Are the RFR levels the same with 4G? Do NTP scientists have any idea if the rollout of 5G will change or increase RFR exposure? 

A: Current wireless communication networks like 4G still use 2G and 3G technologies and frequencies for voice calls and texting; 4G, 4G-LTE, and 5G networks were developed to support increased data needs like streaming video or instantly downloading email with attachments. These newer technologies use different methods of cell phone signal modulation than NTP used in its studies. It is difficult to compare 5G to the current and previous generations of wireless networks because the technology has still not been fully defined and implemented. To complicate matters more, aspects of the 5G networks may use a vastly different set of frequencies (>6000 MHz) than those currently in use with 2G, 3G, and 4G-LTE (700–2700 MHz) networks.


It is well known that absorption of RFR at the higher frequencies differs significantly from absorption at the lower frequencies in that the shorter wavelengths of the high frequencies cannot penetrate nearly as deep into the body. Much of the absorption at the higher frequencies occurs in the skin and would not penetrate deep enough to reach the heart, brain, and adrenal gland, the specific organs that developed tumors in NTP’s studies of RFR at 900 MHz. Additionally, since the higher frequency signals in the 5G network have shorter-reaching distances and are unable to penetrate physical barriers, substantially more transmitters and antennas are required to provide coverage to consumers. The proximity of humans to the antenna may increase, which could potentially lead to higher exposures. However, because the antennas will be widely dispersed, the power levels of RFR for 5G may be lower than those currently used for 2G, 3G, and 4G. At this point, it is unclear exactly whether, or to what degree, human exposure to RFR will change. What is known regarding 5G, however, is that while continuing to be exposed to the current frequencies, wireless consumers will be exposed to higher frequencies as well. In general, the NTP studies were to understand the impact of exposure to RFR on biological tissues, regardless of "G".


Q: How do the exposures relate to WiFi? 

A: NTP did not study the frequencies and modulations used for WiFi.


Additional Studies Undertaken by NIEHS


Q: What additional studies did NIEHS conduct on cell phone RFR?

A: NIEHS scientists undertook research to better understand some of the findings seen in the earlier RFR rodent studies reported in NTP Technical reports TR-595 and TR-596. The goals of this new research were to determine the impact of RFR exposure on behavior and stress, conduct real-time physiological monitoring, including evaluation of heart rate, investigate whether RFR exposure induces heating, and evaluate further whether RFR exposure causes DNA damage. This research, which used a small-scale RFR exposure system, was technically challenging and more resource intensive than expected. In addition, this exposure system was designed to study the frequencies and modulations used in 2G and 3G devices, but is not representative of new technologies such as 4G/4G-LTE, or 5G (which is still not fully defined). No further work with this RFR exposure system will be conducted and NIEHS has no further plans to conduct additional RFR exposure studies at this time.


Additional Questions


Q: Does NTP have any say in the regulatory decision of cell phones? 

A: Regulatory agencies such as the U.S. Food and Drug Administration (FDA) and the Federal Communications Commission (FCC) are responsible for evaluating the potential risk associated with exposure to RFR from wireless devices and the compliance of the devices to those standards, respectively. These agencies evaluate pertinent data in laboratory animals and the results from any studies that may be available in humans to identify hazards and conduct risk assessments that establish guidelines for safe exposures in humans. Questions regarding the adequacy of current exposure guidelines, regulatory limits, and potential risk should be directed to those agencies.


Q: What is the process for the final review by external experts? 

A: A panel of scientific experts from outside of NTP conducted a thorough scientific review of the NTP conclusions during a meeting at NIEHS on March 26–28, 2018. The meeting was open to the public and webcasted, and videos of the meeting are available on the NTP web page at ntp.niehs.nih.gov.


Q: Why did NTP adopt the peer review recommendations rather than sticking with its original draft conclusions? 

A: In the end, the peer review recommendations represented the consensus from the three-day peer review meeting in March 2018. These recommendations largely overlapped with conclusions in the draft NTP report, but the panel recommended stronger levels of evidence for several tumors. NTP supports this consensus and appreciates the thoughtful input from all involved. A range of factors are considered when interpreting scientific evidence and drawing conclusions. NTP’s meeting in March gave NTP scientists a chance to examine and debate these factors in detail for the radiofrequency radiation studies.


Q: Why were the draft reports released to the public prior to peer review? 

A: This has been part of NTP’s transparent review process for its entire 40-year history. It gives NTP’s many stakeholders a chance to weigh in before reports are final. The public comments were then collected and provided to the panel of expert reviewers for their consideration, per the usual protocol.

Additional Resources	Cell phones and cancer risk – Information from the National Cancer Institute (NCI)
	Cell phones – Information from the U.S. Food and Drug Administration (FDA)
	Wireless devices and health concerns – Information from the Federal Communications Commission (FCC)

Media Briefing and Interviews	News Release: High Exposure to Radio Frequency Radiation Associated with Cancer in Male Rats

	November 1, 2018
	News Release: NTP Draft Conclusions for Radiofrequency Radiation Studies in Rats and Mice

	February 2, 2018
	Media Telebriefing: NTP Cell Phone Radiofrequency Radiation Study: Partial Release of Findings

	May 27, 2016

Newsletters	High Exposure to Radio Frequency Radiation Associated with Cancer in Male Rats

	Environmental Factor, November 2018
	NTP Cell Phone Studies — Experts Recommend Elevated Conclusions

	Environmental Factor, April 2018
	NTP Releases Rodent Studies on Cell Phone Radiofrequency Radiation

	Environmental Factor, June 2016

Presentations	NTP Board of Scientific Counselors Meeting, Research Triangle Park, NC, June 2018
		Report on March 26-28, 2018 Peer Review of NTP Technical Reports


	BioEM2016 Meeting, Ghent, Belgium, June 8, 2016
		Slides: NTP Toxicology and Carcinogenicity Studies of Cell Phone Radiofrequency Radiation



Publications	Smith-Roe SL, Wyde ME, Stout MD, Winters JW, Hobbs CA, Shepard KG, Green AS, Kissling GE, Shockley KR, Tice RR, Bucher JR, Witt KL. Evaluation of the genotoxicity of cell phone radiofrequency radiation in male and female rats and mice following subchronic exposure. Environ Mol Mutagen. 2020. https://doi.org/10.1002/em.22343
	Wyde ME, Horn TL, Capstick MH, Ladbury JM, Koepke G, Wilson PF, Kissling GE, Stout MD, Kuster N, Melnick RL, Gauger J, Bucher JR, McCormick DL. Effect of cell phone radiofrequency radiation on body temperature in rodents: Pilot studies of the National Toxicology Program's reverberation chamber exposure system. Bioelectromagnetics. 2018; 39:190-199 https://doi.org/10.1002/bem.22116
	Capstick MH, Kuehn S, Berdinas-Torres V, Gong Y, Wilson PF, Ladbury JM, Koepke G, McCormick DL, Gauger J, Melnick RL, Kuster N. A radio frequency radiation exposure system for rodents based on reverberation chambers. IEEE Trans Electromagn Compat. 2017; 59(4):1041-1052 https://doi.org/10.1109/TEMC.2017.2649885
	Gong Y, Capstick MH, Kuehn S, Wilson PF, Ladbury JM, Koepke G, McCormick DL, Melnick R, Kuster N. Life-time dosimetric assessment for mice and rats exposed in reverberation chambers for the two-year NTP cancer bioassay study on cell phone radiation. IEEE Trans Electromagn Compat. 2017; 59(6):1798-1808 https://doi.org/10.1109/TEMC.2017.2665039
	Wyde M, Cesta M, Blystone C, Elmore S, Foster P, Hooth M, Kissling G, Malarkey D, Sills R, Stout M, Walker N, Witt K, Wolfe M, Bucher J. Report of partial findings from the National Toxicology Program carcinogenesis studies of cell phone radiofrequency radiation in Hsd: Sprage Dawley SD rats (whole body exposure). BioRxiv 055699 [Preprint] May 26, 2016 (modified Feb 01, 2018). https://doi.org/10.1101/055699

Photos of the Radiofrequency Radiation Research FacilityClick on the thumbnail to see a larger version of the photo.
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Stay Informed

Subscribe to receive email to stay informed about cell phone radio frequency radiation research and other NTP information.

Contact Us

For questions or additional information, email us or use our contact form.
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