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[bookmark: _af3]Executive Overview
Many questions remain unanswered related to Non-Native EMF (nnEMF) and the biological effects that result from exposure. The USA is the sickest it has been in decades. Photos of people on US beaches in the 1970s compared to 2020s shows a drastic difference. Obesity is prevalent. Early research indicates health impacts are coming food sources and other aspects of the standard American lifestyle, however not all are being given the same level of review. nnEMF is one of the areas of research that has been neglected.
Some research exists but is by no means comprehensive. Established studies show that heat from high-power radiofrequency energy is real, and Federal exposure limits exist because of it.
Across whole populations, the best pooled studies show no overall rise in brain cancer as phone use became nearly universal, however the benchmark of testing positive for having brain cancer, or any cancer should not be the benchmark for a negative health impact.
nnEMF has become so ubiquitous that it makes study challenging due to every day exposure, but this does not mean the research is not essential. Leaded gasoline was another universal exposure that was later deemed to be dangerous and phased out. Wi-Fi, 5G and other cellphone bands, Electric Vehicles, Home appliances with AC currents, bluetooth, are sources of exposure every day. If discoveries are made that these devices do impact human biology in a substantive manner, then considerations around how hospitals and healthcare institutions adopt and utilize these technologies in the patient journey should also be considered.
A 1% or 5% or 10% impact on overall longevity (aging sooner) with impacts to memory, behavior, IQ, fertility, that may go unseen because cancer does not present would still be a major revelation.
The net impact from a 5% increase in adult working years would have a massive benefit to US GDP, strengthening national security and economic security. Healthy people create less economic drag for tax payers as they age.
The field of biological nnEMF impacts deserves to be studied in pursuit of the MAHA goals of overall wellness improvements for Americans.
Studies indicate that nnEMF research has not yet been explored to completion. First, the National Toxicology Program, a research program, found "clear evidence" of a rare malignant heart tumor in male rats exposed to high whole-body levels of 2G/3G-type radiation. A 2025 review commissioned for the World Health Organization rated the animal evidence high certainty for that heart tumor and for malignant gliomas, while warning that moving from animal tumor results to human risk is unusually difficult.
Second, and separately, a 2016 count found oxidative-stress effects reported in 93 of 100 low-intensity studies, but the 2024 WHO-commissioned systematic review rated the oxidative-stress literature very-low certainty: most of the studies were small and at high risk of bias. And no cohort has yet followed heavy phone users from a young start through a full adult lifetime. Three conclusions match the evidence: everyday exposure is low, a health effect at ordinary levels has not been established, and the missing studies are worth doing.

[bookmark: _af4]What every reader should take away
Three effects of electromagnetic fields are well studied. Whether some other effect occurs below the exposure limits is still an open question, and the studies that would answer it are unfinished or unpublished. Anyone deciding what to believe, or what HHS should fund, should know five things:
1. Three effects are established, and each has a boundary. Strong radiofrequency fields heat tissue, strong low-frequency fields can stimulate nerves, and the magnets in some phones, watches, and chargers can put a pacemaker or defibrillator into magnet mode if held against the chest. Ordinary Wi-Fi and a distant tower produce none of the three but that does not mean there is no impact on the human body.
1. The strongest laboratory signal is a rare heart tumor in male rats, at high exposure. In NTP's two-year studies, male rats exposed across the whole body developed malignant schwannomas of the heart, a result NTP called "clear evidence" for both GSM and CDMA at 900 MHz (at 6 W/kg: 5/90 GSM and 6/90 CDMA, versus 0/90 in the sham controls). Brain tumors in male rats fell in a lower category, "some evidence." NTP's own scientists cautioned against reading the results straight across to phone use: the animals received whole-body exposure for long hours at levels at or above the maximum local exposure allowed for a phone user. The WHO-commissioned animal review (Mevissen and colleagues, 2025) rated the certainty high for malignant heart schwannomas in male rats and for gliomas, while reporting no clear increase in most other organs. FDA and the FCC have not yet adopted "clear evidence" as a finding that phones cause cancer in people. It is important that research consider both heat and emissions in their conclusions.
1. Population studies are reassuring on average, and they are thin at the extreme. A WHO-commissioned review of human studies (Karipidis and colleagues, 2024; 63 articles) found no association of mobile-phone use with glioma (pooled relative risk 1.01, 95% CI 0.89–1.13), meningioma (0.92), or acoustic neuroma (1.03), and no rise with more years of use or more call time. At the extreme, case-control studies have reported higher risks in the heaviest, longest users, sometimes on the side of the head where the phone was held. INTERPHONE's own authors said participation bias, implausible reported use, and error prevented a causal reading of their heavy-use glioma result (odds ratio 1.40, 1.03–1.89, for 1,640 hours or more), and later work did not confirm that tumors sit on the side of the head that was used. The case-control analyses also depend on people remembering their own use. The prospective cohorts that avoid recall bias, including COSMOS (about 265,000 adults, median follow-up 7.1 years in the 2024 cancer paper), have yet to cover a 20-year lag from a young starting age. The delay between exposure and a tumor it might cause has a name: latency. Latency is a reason to keep the cohorts running, not itself a finding of harm.
1. Children absorb a phone's energy in a different pattern from adults, and nobody has followed them for a lifetime. The absorption difference depends on age, tissue, and frequency; in some models the gap is large for bone marrow and smaller for the head as a whole. The physics is more complex than "children have thinner skulls," and a higher absorption figure is not itself a disease. International guidelines treat children as members of the public, with no separate child number, and in 2013 the American Academy of Pediatrics asked the FCC and FDA to take children and pregnancy into account when the limits were reconsidered. The right response is exposure-matched studies and plain guidance, including the low-cost habits listed under Question 9. Parents in 2026 have increasingly provided technology such as tablets to their young children. The impacts of a child holding an emitting tablet close to their brain, eyes, and face for extended periods of time on a daily basis could have impact on physical and mental development of the child through disruptions to biology - this remains unstudied.
1. The useful response is a funded research program with a dosimetry gate. The United States has had no standing interagency EMF health program since EMF-RAPID ended on 31 December 1998. EMF-RAPID studied power-line fields, not wireless; it found the evidence of a leukemia risk weak and recommended passive steps rather than aggressive regulation, and no radiofrequency program replaced it. In 2012 GAO found that the FCC had never formally asked the health agencies to reassess the 1996 limit, and it recommended a formal reassessment of the limit and of phone tests when the phone is held against the body. GAO later closed both recommendations as not implemented. The program we recommend puts measurement first, because every later study inherits the dose error.
Technology has changed substantially in the last 30 years, and the scope and methods used to measure impact and electronics design have changed substantially as new technologies have been innovated. With proper study the federal government may discover that a metric other than, or in addition to heat may be an essential regulatory requirement to protect human biology.

[bookmark: _af5]Answering HHS's questions
[bookmark: _af6]What people report (Questions 3 and 4)
People who attribute their symptoms to wireless devices describe headaches, sleep trouble, fatigue, ringing in the ears, and trouble concentrating. The symptoms are a real clinical burden. In physician surveys in Germany, Switzerland, and Austria, 61 to 69 percent of general practitioners said at least one patient had raised electromagnetic fields, although the survey figures are a 2003-to-2010 snapshot rather than a current pooled rate. In population surveys, the share of people who say they are sensitive runs from under 1 percent to about 13 percent; ANSES (2018) treated the 1-to-13-percent range as unreliable, and several later studies cluster near 5 percent.
Blinded tests do not support a field effect for the reported symptoms. A WHO-commissioned review of human experiments (Bosch-Capblanch and colleagues, 2024; 41 studies, 2,874 participants) found that volunteers could tell exposure from sham no better than chance, and that symptom scores did not rise with real exposure (headache, standard mean difference 0.08, interval crossing zero). Symptoms followed what people believed about the exposure, and the working interpretation is a nocebo effect. However the study cannot account for chronic exposure impacts associated with daily living environments. Acute exposure may not be identifiable, but that does not mean the subject's body is not already in a highly impacted state which cannot normalize for a baseline in a measurable period of time. A nocebo explanation does not make the suffering smaller, but it does change the care: clinicians should evaluate and treat the symptoms, including the psychological part, and should not send patients to products sold as "protection."
Two product classes get conflated and should not be. Conductive shielding materials can attenuate radiofrequency energy when they actually enclose a space; chips, stickers, pendants, and "harmonizers" do not, yet prices in the sticker-and-pendant market run from tens of dollars into the thousands. A third group, radioactive jewelry, should not be confused with the expensive harmonizers: in 2021 the Dutch nuclear-safety authority banned ten "negative ion" and "anti-5G" pendants, bracelets, and a sleep mask because they contained radioactive material. The Federal Trade Commission has also acted against false phone-shield advertising, but the enforcement record against fraudulent products is not evidence about base stations.
For clinicians (Question 4), no diagnosis code or test establishes electromagnetic hypersensitivity as a field-driven disease. The workup looks for ordinary causes, such as migraine, sleep disorders, anxiety, and similar conditions, and the controlled treatment evidence favors cognitive behavioral therapy aimed at function. Symptom reports should be logged, not treated as proof of cause.
If pigeons can navigate using the natural magnetic fields of the earth, then it is proven that EMF can interface with cellular biology.
[bookmark: _af7]Safety standards (Questions 5 and 6)
The limits are built around heat. The public whole-body limit, 0.08 watts per kilogram, is fifty times below the exposure associated with about a 1 °C rise in core temperature (4 watts per kilogram). A phone against the head is governed by a different number: 1.6 watts per kilogram averaged over 1 gram in the United States, and 2 watts per kilogram over 10 grams in the ICNIRP guideline used in much of the world. The U.S. and ICNIRP phone numbers measure different quantities and should not be compared as if they were the same. ICNIRP's factor of ten is specific to ICNIRP: its local public limit for the head and torso, 2 watts per kilogram over 10 grams, is one-tenth of the 20 watts per kilogram local value it uses, while the U.S. 1.6 watts per kilogram over 1 gram does not derive from the same factor of ten. In ordinary places, measured tower and Wi-Fi levels are usually a small fraction of the public reference level; the exposure that can approach a limit is the phone against the body.
Questions remain if heat is the actual measurement metric that should be used to assess safety. We believe there are other factors that modern technology may be able to measure which may provide a more detailed and accurate set of results to supplement heat measurements.
Several countries set lower numbers than the ICNIRP reference or add rules for places people occupy for a long time. Seven national rules show how far the approaches range, from a tighter cap on a single installation in Switzerland to a stricter cap that Poland has since replaced with the European recommendation:
· Switzerland. The Swiss rule keeps the ordinary limit and adds a tighter cap on a single installation at homes, schools, and hospitals: 4 volts per meter if that installation transmits only around 900 MHz or lower, 6 volts per meter if only around 1800 MHz or higher, and 5 volts per meter otherwise.
· Italy. The exposure limit remains 20 volts per meter from 3 MHz to 3 GHz. Since 30 April 2024 the attention value and the quality objective have been provisionally 15 volts per meter as a 24-hour average, up from the former 6 volts per meter and still below the ICNIRP reference.
· India. India set base-station limits at one-tenth of ICNIRP in 2012 (0.45 watts per square meter at 900 MHz). Department of Telecommunications letter No. 16-10/2022/CS-2 of 1 January 2025 revised them to one-half of ICNIRP: power density equal to frequency in megahertz divided by 400 from 400 to 2000 MHz (2.25 watts per square meter at 900 MHz), and 5 watts per square meter from 2 to 300 GHz. The Tarang Sanchar page prints the same table alongside a sentence that says one-fifth; the table is one-half.
· China. The public environmental standard, GB 8702-2014, is 0.4 watts per square meter (12 volts per meter) from 30 MHz to 3 GHz.
· Israel. Israel limits long-stay exposure from base stations to one-tenth of the ICNIRP reference and sets the distance from a given antenna in that site's permit rather than by a single national setback.
· France. France did not adopt a lower national field limit, but a 2015 law restricts Wi-Fi in spaces used by children under three and requires classroom Wi-Fi in primary schools to be off when it is not in use for teaching.
· Poland. Poland has left the stricter group. On 1 January 2020 it replaced a 0.1 watt per square meter cap with the European recommendation (Journal of Laws 2019, item 2448): 10 watts per square meter from 2 to 300 GHz.
Stricter or special national rules are policy choices; by themselves, they are not evidence that harm has been shown below the heating threshold.
The U.S. numeric limits date from 1996, and the FCC left them unchanged in 2019. At 900 MHz the U.S. public power-density limit is 6 watts per square meter, about one-third higher than the ICNIRP and European figure of 4.5; at and above 1500 MHz it matches ICNIRP at 10 watts per square meter. In 2021 the D.C. Circuit remanded specific questions to the FCC because the agency's explanation was inadequate, but it kept the limits in place, neither vacating them nor finding them unsafe (Environmental Health Trust v. FCC, 9 F.4th 893). The remanded questions cover effects other than the cancer determination, children, and the environment. In September 2026 the FCC opened a comment period on the remanded questions (Public Notice DA 26-997, 91 FR 60128, ET Docket 13-84), and the limits remain in force while the comment record is refreshed.
A limit built to prevent heating leaves open whether some other effect occurs below it, but an unanswered question about effects below the limit is not a finding that the margin has already failed.
[bookmark: _af8]Measuring exposure (Questions 7 and 8)
Personal meters worn on the body often read low. Across 267 microenvironments (Huss and colleagues, 2021), the median on-body reading was reporting at 0.29 times a body-worn reference meter for one instrument (EmeSpy 200) and 0.79 times for another (ExpoM-RF). The 0.29 and 0.79 median measurements result in an under-reading of about 70 percent and a 20 percent respectively; the ExpoM range crossed 1.0, so the ExpoM did not always under-read. The Huss ratios are separate from the correction factors in Bolte's 2011 work. Models of outdoor signal strength match personal measurements only moderately.
If you wear a meter, the largest share of what it records is usually your own phone, not the tower down the street. In one study of Swiss adolescents (Roser and colleagues, 2017), the phone's uplink was 67.2 percent of the measured personal exposure (mean 63.2 microwatts per square meter), a share of what the meter recorded rather than of the dose reaching the brain. In the same paper, environmental sources, including other people's phones, averaged 6 percent of modeled brain dose and 9 percent of modeled whole-body dose.
Retail alarms and retail field meters do different jobs. A smoke alarm or a carbon monoxide alarm watches one hazard and sounds at a set point. Both are ordinary retail goods, and the model residential code requires them: smoke alarms, and carbon monoxide alarms where fuel-burning equipment or an attached garage is present (International Residential Code R314 and R315). A plug-in natural-gas alarm is sold the same way. A field meter, by contrast, is asked to report several different quantities, from power-line magnetic fields up through millimeter-wave radio.
Consider the TriField TF2, a widely sold three-function meter that lists at $186. Its magnetic mode is three-axis and specified to ±4 percent at 60 hertz, and meters of that class can rank rooms; the 8.5 milligauss fence reading in the sports team 49ers nearby substation episode described below came from that class of meter. Its radio mode is more limited: it is one axis, covers 20 megahertz to 6 gigahertz, states its accuracy as ±20 percent only at 1 gigahertz, and reaches full scale at 19.999 milliwatts per square meter. The 19.999 milliwatts-per-square-meter ceiling is about 0.2 percent of the 10 watt per square meter public limit used at and above 1500 megahertz, and about 0.3 percent of the 6 watt per square meter limit at 900 megahertz. A number that stays on the scale, taken in the far field, is therefore a low reading for the frequencies the meter can see. A number pinned at the top of the scale leaves open whether the field is near the public limit. The meter also stops short of the upper 6 gigahertz Wi-Fi channels and millimeter-wave 5G, and it reports a number without naming the source. In 2015 an accredited German laboratory, IMST GmbH, tested five other consumer radio meters for WILA Bonn. The meters had been bought for about €172 to €408 and were advertised to 8 gigahertz, yet none of them met the range the makers claimed.
What can be evaluated without asking a household to own the right instrument. The exposure that dominates a personal measurement is the person's own phone. A handheld meter held against a transmitting phone is in the near field, where a handheld meter's far-field power-density calibration does not apply. Phone exposure is instead bounded in the laboratory by the specific-absorption-rate test and in daily life by how long the phone is used, which the carrier can record. A tower or a broadcast antenna is bounded by calculation from power, antenna pattern, and distance, the method in FCC OET Bulletin 65, with a measurement when the calculation comes close to the limit.
Germany already separates owning the instrument from getting a result. The Federal Office for Radiation Protection lends a band-resolving personal meter, covering 50 megahertz to 6 gigahertz in 29 bands, or a separate power-frequency meter. The resident wears it for 24 hours, the office returns a written report, and the fee is 45 euros, including shipping both ways. The loaned radio meter has no live display. The office also states two limits on the report: it is information for private use rather than proof in a legal proceeding, and fields from the wearer's own phone are only a rough indication because the near field is not measured reliably. The United States has no equivalent service. Bands above 6 gigahertz fall outside both the $186 meter and the German loan program and remain a measurement gap. We propose a reference-meter program, not an unvalidated phone app, to measure the bands above 6 gigahertz.
Phone use has been widespread for about thirty years, while the studies with objective exposure records cover far fewer years. Better meters, including for the newer bands, are the first research investment, because every later study inherits the dose error.
[bookmark: _af9]What people should be told (Question 9)
We recommend a public message in three parts, running from what is established, through low-cost habits while the long-term studies are unfinished, to what not to buy:
· Established: heating at high power, nerve stimulation from strong low-frequency fields, and the implant rule. FDA says to keep phones and smart watches at least six inches (15 cm) from an implanted cardiac device and not to carry them in a pocket over it. FDA considers the magnetic interference risk low and has said it is not aware of adverse events from it. Apple's own instruction for its magnetic phones and chargers is more than six inches, and more than twelve inches (30 cm) while the phone is wirelessly charging; the twelve-inch figure is the manufacturer's instruction rather than a separate FDA limit.
· Low-cost habits while the long-term studies are unfinished: hold the phone off the head for long calls, use a speaker or a wired headset, do not sleep with the phone under the pillow, and use a wire when a wire is convenient.
· Do not buy: untested "protection" gadgets. Real enclosures differ from ineffective pendants, and both differ from the radioactive jewelry banned in the Netherlands.
[bookmark: _af10]How we would notice a problem (Question 10)
U.S. cancer registries are strong, and they show no large rise in brain cancer through the years when mobile subscriptions exploded. Registries can rule out a large risk but not a small one, and because they do not know who used a phone heavily, they cannot close the heavy-use question.
The United States has neither a federal network of ambient radiofrequency monitors nor a dedicated national mailbox for a suspected radiofrequency health complaint. France and Switzerland run measurement programs, though Europe has no single network that covers every country.
OSHA's numeric radiofrequency guide (29 CFR 1910.97, 10 milliwatts per square centimeter from 10 MHz to 100 GHz, averaged over any 0.1 hour) is advisory rather than an enforceable exposure limit; the warning-sign specification in the same section is the mandatory part. Occupational cohort studies do exist, including military cohorts and the UK Airwave police cohort, and they show no large overall cancer increase. What the United States lacks is an enforceable occupational number tied to a worker registry with measured dose.
We recommend a practical three-part package: a pilot ambient network with a public dashboard, an exposure indicator in CDC's Environmental Public Health Tracking program, and a voluntary reporting system modeled on vaccine-adverse-event reporting, labeled clearly as reports rather than proof.
[bookmark: _af11]Children, pregnancy, older adults, implants, workers (Question 11)
Children are where absorption science and lifetime evidence sit furthest apart. The absorption differences are real and model-dependent. The harm studies in children, including MOBI-Kids, are too short to be the last word. And because children start using devices earlier, their lifetime dose, if a lifetime effect exists, would be the longest. We recommend a child cohort with operator-recorded use on the strength of the absorption differences, the short follow-up, and the early start; none of the three justifications predicts what the cohort will find.
Comparing populations that abstain from technology use, such as the Amish, to the digital enabled child would also be a valuable comparison.
For pregnancy, WHO-commissioned reviews rate human reproductive outcomes very-low certainty. One of them (Johnson and colleagues, 2024) reported a small-for-gestational-age relative risk of 1.13 (1.02–1.24) and a preterm risk of 1.14 whose interval included no effect. We recommend measuring exposure inside an existing birth cohort instead of relying on remembered phone use.
For older adults, the questions are heat and hearing devices. Older bodies shed heat less efficiently (a lower sweat response, for example), which bears on the heating threshold the limits are built around. Hearing-aid rules (47 CFR §20.19) require at least 85 percent of a manufacturer's handset models to be hearing-aid compatible through 14 December 2026; from 15 December 2026, 100 percent must meet acoustic coupling and at least 85 percent must meet the telecoil standard. We recommend including older adults in risk-communication materials and in guidance on hearing-device interference.
For pacemakers, defibrillators, and some insulin pumps, the settled hazard is interference from magnets and from very near transmitters rather than a cancer effect, and FDA's six-inch rule under Question 9 is the action to take.
For workers, most routine readings in occupational surveys are a small fraction of the occupational limits, but exposures in a few jobs (a walkie-talkie held at the face, some broadcast and radar work) can approach them. We recommend an enforceable standard plus a U.S. registry; the recommendation is not a claim that no worker study has ever been done.
[bookmark: _af12]Effects below the limits (Question 12)
No adverse health effect has been established below the public limits. "Not established" describes the state of proof, not the state of nature. Absence of demonstrated harm is not proof that every possible effect has been excluded, and for most endpoints other than heating and cancer, the studies that could exclude an effect were never done.
The NTP rat tumors occurred at whole-body exposures of 1.5 to 6 watts per kilogram, about 19 to 75 times the public whole-body limit of 0.08. The 19-to-75 multiple describes NTP only, not the Ramazzini far-field study, whose top group was about 0.1 watts per kilogram (50 volts per meter). Ramazzini's male heart schwannomas were 0 of 412, 3 of 401, 1 of 209, and 3 of 207 at 0, 5, 25, and 50 volts per meter, statistically significant at the top dose.
NTP also said its lowest level matched the maximum local exposure allowed for phone users, so the "fifty times" heating factor and the "nineteen times" tumor margin are different comparisons, and both get misused. The 75-times figure is a wider gap than the 50-times heating factor, not a narrower one. Analyses that draw a straight line from high doses down to a one-in-a-hundred-thousand risk produce much smaller margins. Linear extrapolation is an assumption the authors chose, not the way a heating threshold is usually regulated, so the result should be labeled as a model rather than a measured margin.
Two different papers are often merged into one "20 to 900 times" interval. Uche and Naidenko 2021 start from NTP cardiomyopathy and, after uncertainty factors, place a whole-body limit 20- to 40-fold below 0.08 watts per kilogram. Melnick and Moskowitz 2026, using linear extrapolation, find limits 15- to 900-fold above their own 1-in-100,000 cancer estimates.
More Data Needed: Does Biology respond to radiofrequency fields far below the heating threshold? The clearest demonstration comes from a songbird rather than a rat. In a blinded design, European robins lost their magnetic compass when exposed to the ordinary electromagnetic noise on a university campus, and regained it inside grounded, aluminum-screened huts that cut noise between 50 kilohertz and 5 megahertz by about two orders of magnitude (Engels and colleagues, 2014). The authors opened by observing that no effect of man-made electromagnetic noise below WHO-adopted guidelines had yet survived independent replication under blinded conditions. They then reported one, on the cover of Nature. The sensor is a light-driven radical-pair reaction in the retina, a mechanism that involves no heating at all, and later work in blackcaps showed that weak radiofrequency fields in the 75 to 85 megahertz band disrupt it (Leberecht and colleagues, 2023). A bird's compass is not a human organ, and the frequencies involved sit below the mobile bands, so we do not offer this as a finding about phones. What it does establish is that "below the heating threshold, nothing happens" is a hypothesis about humans that must be tested, not a settled fact about physics or biology.
The immune system is an under-examined target, and the thymus is where the signals cluster. The thymus is where T cells mature. The WHO-commissioned oxidative-stress review found its largest pooled effect there, in the rodent thymus (standardized mean difference 6.16, 3.55 to 8.76), from a single study of 42 animals, and graded the certainty very low (Meyer and colleagues, 2024). The review is right to withhold more than that. But the thymus signal does not stand alone:
· Dose-dependent tissue and immune injury. Rats exposed in sequence to 1.5 and 2.8 gigahertz microwaves, six minutes at each, at 5, 10, and 30 milliwatts per square centimeter developed congestion and lymphocyte nuclear fragmentation in the thymus, spleen, and lymph nodes, with mitochondrial damage, fewer circulating white cells through day 28, and lower serum cytokines at the two higher levels (Yao and colleagues, 2023; 108 rats, 27 per group, sham controlled). Body temperature was unchanged. The levels are five to thirty times the 10 watts per square meter public reference level, and no specific absorption rate was reported.
· Structural change at sub-thermal power. Rats exposed to 2.45 gigahertz at graded power showed increased thymic blood-vessel distribution, hemorrhagic cells, and lower Hsp90 at the highest power (Misa-Agustiño and colleagues, 2015; 64 rats). The authors modeled the exposure as sub-thermal. We have only the abstract of this paper.
· A developmental exposure at a realistic level. Rats exposed 20 hours a day for nine weeks, from gestation through the juvenile period, to a 2.14 gigahertz cellular signal at 0.2 watts per kilogram, one-twentieth of the 4 watts per kilogram associated with a 1 °C rise, showed significantly higher thymic Il4, Il5, and Il23a gene expression (Ohtani and colleagues, 2015). T-cell counts and serum IL-4 were unchanged, and the authors concluded that they found no adverse effect on T-cell populations. Sixteen genes were tested without correction for multiple comparisons, and the work was funded by Japan's telecommunications ministry.
These findings must be further explored to drive regulatory posture. The Yao exposures are well above anything the public meets, the Misa-Agustiño paper is known to us in abstract, and the Ohtani result is a gene-expression signal without a functional change. Taken together they say something more useful. In three independent designs, an organ that trains the body's immune cells showed changes in tissue structure, cytokines, or gene expression after radiofrequency exposure, and nobody has run the replicated, blinded, well-dosimetered study that would tell us whether any of it matters for a child or an adult. A modest loss of immune resilience would not appear in a cancer registry. It would appear as slightly more infections and slower recoveries, spread across millions of people and attributed to everything else. That is the kind of effect a cancer-only standard cannot see.
Anyone citing the oxidative-stress count (93 of 100) should cite the WHO-commissioned certainty grade (very low) with it. Below the limits, harm has not been established, and for the endpoints that matter most to daily life, safety has not been demonstrated either, because the studies that would settle the question are unfinished or were never started. We ask that HHS fund studies to bridge the gap between the absence of established harm and a settled answer.
[bookmark: _af13]Each technology (Question 13)
Each technology brings its own band, its own power, and its own distance from the body, so the answer comes technology by technology, seven in all, from 5G networks to vehicle and implanted medical radios:
· 5G. In a 2023 four-country measurement campaign (Deprez and colleagues, 2025; 146 sites), the highest 5G-specific level was 10.4 milliwatts per square meter. The paper's results and conclusion put the maximum at 0.1 percent of the ICNIRP reference level of 10 watts per square meter, while the abstract says 3.2 percent. The arithmetic agrees with the results: 10.4 divided by 10,000 is 0.104 percent. The abstract's 3.2 percent matches the electric-field ratio, about 1.98 volts per meter divided by the 61 volt per meter reference, rather than the power-density ratio. Because power density scales with the square of the field, quoting 3.2 percent as a fraction of the power-density limit overstates it about thirty-fold. A power-density percentage should therefore be quoted as 0.1 percent, not as the abstract's 3.2. In these measurements 5G added a slice of exposure rather than a new ambient regime, and the phone remains the main personal source.
· 6G. Work on the next generation is aimed at a range of higher frequencies rather than at one band "above 95 gigahertz." The range includes bands above 100 gigahertz, where energy is deposited in the skin. The FCC's exposure table stops at 100 gigahertz, while ICNIRP's 2020 guidelines run to 300 gigahertz. Health studies at these higher frequencies are sparse.
· Wi-Fi 6 and 7. New 6-gigahertz Wi-Fi adds capacity, and measured Wi-Fi levels in schools and homes are a very small fraction of the limits but again these limits have not been fully established and studied beyond heating. A personal-dosimetry study that isolates Wi-Fi 7 has yet to be done.
· Satellites. Handsets connecting through a satellite still transmit at ordinary phone power, while downlink power at the ground from the satellites themselves is far below the public reference. A user terminal dish is a near-field source and has to be treated as one.
· Connected devices and smart homes. Most of these radios are low power and transmit briefly, so counts of devices are not counts of exposure.
· Smart meters. An Electric Power Research Institute brief describes the transmissions as short bursts that together last on the order of a minute or two per day, with exposures far below the limits even close to the meter. Exposure could be substantially higher if the manufacturers opt to stream data continuosly. "Seconds per day" is too small a number for the EPRI description, and a bank of meters is a different object from one meter on a house.
· Vehicles and medical radios. Roadside and in-vehicle transmitters are low power and poorly measured in real cabins. Implanted medical radios are microwatts; the practical medical issue is interference from other sources, which FDA's six-inch magnet rule covers.
One pattern runs across all seven: wherever ambient fields away from the body have actually been measured, they stay far below the reference levels, the question is do those reference levels actually establish safety?
[bookmark: _af14]Environment, wildlife, and towers (Questions 14 and 15)
Migratory songbirds have a light-dependent magnetic compass, and laboratory radiofrequency noise can disrupt it, but only below a frequency ceiling. Fields around 75–85 MHz disrupt orientation while fields at 140–150 MHz and 235–245 MHz do not, and the physical account of the sensor puts the drop in sensitivity near 116 MHz (Leberecht and colleagues, 2023). Mobile and 5G bands sit far above the 116 MHz ceiling; the frequencies the mechanism actually implicates are lower ones, including some broadcast bands. The same sensor is the subject of the 2014 robin result under Question 12, where urban radiofrequency noise alone was enough to disable it. Wildlife is where a non-thermal radiofrequency effect has been shown most clearly, and it is the part of the environmental question the United States measures least.
One frequency band proves disruption of one cellular function, one could extrapolate that other disruptions could reasonably occur at other frequencies and therefore deserve study.
Outside the laboratory, field studies at real distances and real intensities are still scarce, and bees and plants have a mixed, mostly low-quality literature. Because the United States has no national ambient network, the federal government does not currently measure trends in environmental exposure. Livestock studies are essentially absent and belong in the ambient monitoring program we recommend under Question 10.
On siting, for a facility that already complies with FCC radiofrequency rules, 47 U.S.C. §332(c)(7)(B)(iv) bars a state or city from regulating the facility on the basis of the environmental effects of the facility's radiofrequency emissions. Local governments keep zoning authority over other issues. Health evidence, if it is to change a siting outcome, has to move the federal limit, so federal research on that limit decides the health side of siting disputes.
[bookmark: _af15]Neighboring exposures (not radiofrequency)
The questions answered above concern radiofrequency, but two other electromagnetic environments reached the public in 2026: a practice field beside a power substation, and deep space beyond Earth's magnetic shield. A third item, an older laboratory study of the thymus, sits beside them. Each shows a real gap, and none is evidence that a cell tower or a phone has caused the effect being discussed.
A practice field beside a power substation. The San Francisco 49ers have practiced in Santa Clara since 1988, next to Levi's Stadium and beside Silicon Valley Power's Northern Receiving Station, also called the Mission Substation in 2026 coverage. The substation was expanded when the stadium opened in 2014. In January 2026 a viral account blamed the team's soft-tissue injuries on the station's power-frequency magnetic field, and the measurement offered publicly was a consumer gaussmeter at the fence, a couple of hundred yards out, reading 8.5 milligauss.
Epidemiologists who work on power-frequency fields, including Frank de Vocht and Hans Kromhout, said 8.5 milligauss is in the range of an ordinary house and no established evidence links fields of that magnitude to tendon or ligament failure. The childhood-leukemia studies that led IARC to call power-frequency magnetic fields "possibly carcinogenic" in 2002 address a different question and identify no soft-tissue mechanism. Paul Héroux noted that the collagen experiments used much stronger fields, and that research at substation levels has been about cancer. The team's own injury record reaches back before the 2014 expansion: from 2001 to 2014, while already practicing at the site, the club was below average in injuries. On 30 January 2026 the NFL's chief medical officer, Allen Sills, said he knew of no sports-medicine literature supporting the association and that injury causation is complex. On 29 March 2026 general manager John Lynch said an unnamed scientist, using laboratory instruments inside the facility, found levels "400 times less than unsafe zones," comparable to a hair dryer or a vacuum, although the measurement report remains unpublished.
An extremely-low-frequency study of the thymus (not radiofrequency). The thymus appears in the power-frequency literature too, and we include it only to mark a pattern. In an Italian study, male rats were exposed for eight months to 50-hertz fields at 1 kilovolt per meter with 5 microtesla, or 5 kilovolts per meter with 100 microtesla, in a normal light cycle or under continuous light (Quaglino and colleagues, 2004). Continuous light alone speeds the thymus's age-related shrinkage. Adding the 50-hertz field left the rate of cell division unchanged but significantly increased thymocyte death, including against rats exposed to the field in a normal light cycle. The authors read this as a synergy between a physiological stressor and the field, and the stressed animal was the one that showed the effect. The 100 microtesla level is far above a household average, and the paper is a single study. It is nonetheless a reminder that an effect may depend on the state of the organism, and that studies run on healthy animals under ideal conditions may be the least likely to find it.
The 49ers episode exposed a gap in both measurement and literature. A workplace next to a large electrical plant produced a national argument that published studies could not settle, because the published literature asked about leukemia, not about Achilles tendons, and no public dosimetry of the practice fields existed when the claim spread.
Astronauts beyond Earth's magnetic shield. Earth's surface field is about 25 to 65 microtesla, and the magnetosphere deflects much of the charged radiation from the Sun and from the galaxy. The International Space Station stays inside the magnetosphere, whereas Artemis II, which NASA described in March 2026, is the first crew to go beyond it since Apollo 17 in 1972.
On a trip beyond the magnetosphere, NASA's health problem is ionizing radiation: galactic cosmic rays, including heavy ions, and solar particle events. A NASA briefing puts a typical station dose near 0.6 millisievert a day and the deep-space galactic-cosmic-ray rate at about two to three times that. Mars has no global magnetic field. The Simonsen briefing's planning range for a long Mars mission is 1 to 1.3 sievert, and a 2025 NASA paper treats 600 millisievert as the standard for the longest Mars-class missions. Biological uncertainty remains large enough that engineers cannot size shielding with confidence inside the mass a spacecraft can carry. The uncertainty concerns ionizing radiation, which HHS-OASH-2026-0397 does not regulate.
A second space question is easy to merge with the first and needs to be kept separate. Beyond the magnetosphere the static field itself falls to a few nanotesla, thousands of times below the surface field. Ground experiments that shield the geomagnetic field report changes in cells and in the nervous system. A 2021 review for spaceflight (Zhang, Bioelectromagnetics) treats the hypomagnetic effects as real in animals and still missing the human dose-response. The human evidence is thin: a 2025 review of whole-body human studies found an effect reported in 10 experiments and none in 4, and counted only 14 such experiments since 1967. NASA's Human Research Program scores ionizing radiation as a mission risk, yet NASA has no exposure limit for the near-zero static field. The station crews, who stay inside the magnetosphere, offer no test of hypomagnetic exposure.
Extensive research has been published on Pulsed Electromagnetic Field Therapy (PEMF) and its biological impacts. While in a different range of emissions the impact that these specific EMF cause also indicates other biological impacts on humans for different frequencies and levels.
Taken together, the substation argument, the thymus study, and the deep-space exposures are evidence that the interaction of human biology with electromagnetic and magnetic environments remains unsettled. They are evidence of four different kinds: the substation claim is an untested injury hypothesis at household-range power-frequency fields; the thymus study is a single animal finding that appears only under co-stress; the cosmic-ray problem is an accepted ionizing-radiation risk whose size is still too uncertain for engineering; and the near-zero static field is a thin experimental literature with no operational limit. None of the four is a finding about radiofrequency, and all four point the same way: the question of what electromagnetic environments do to living tissue has been asked in pieces, by different agencies, and never answered whole.
[bookmark: _af16]Research priorities and coordination (Questions 16 and 17)
Waiting for a cancer signal is the wrong test, and the United States has already learned that once. Lead was blended into gasoline from the 1920s; EPA began restricting it in 1973 and finished a 25-year effort in January 1996, after which, in EPA's words, "blood levels of lead in our children are down 70 percent." The harm in that case was not a rare tumor. It was a diffuse loss of capacity, spread across a population and attributed to everything else. The same logic applies here. Adult obesity has risen from about 15 percent of adults in 1976 to 1980 to 40.3 percent in 2021 to 2023, and CDC reports that 90 percent of the nation's $5.3 trillion in annual health care spending goes to people with chronic and mental health conditions. We do not claim that radiofrequency fields cause any of this. We claim that electromagnetic exposure is one of the few universal environmental changes of that era that has never been studied for chronic, whole-body effects, and that a program serious about the causes of chronic disease should close that gap. A one-percent gain in healthy working years across the population would justify the cost of every study below many times over.
We rank five research priorities, and measurement leads because every later study inherits the dose error:
1. Measure first. Personal dosimeters that work across the bands now in use, with a stated uncertainty.
1. Follow children and long-term users, with phone-company records rather than memory, long enough to test a 20-year lag. Include a low-technology comparison population. The Amish of Ohio, who use little electricity, have an all-cancer incidence about 60 percent of the Ohio rate (Westman and colleagues, 2010), a difference that tobacco abstinence explains only in part. That is a comparison group, not an answer, but it is a ready one.
1. Repeat the animal bioassay under modern rules, at exposures that include realistic levels, so the heart-tumor finding is confirmed, bounded, or refuted. Two 2026 GLP studies in male rats (900 MHz CDMA, 4 watts per kilogram, about 18 hours a day for two years) found no significant tumor increase in brain, heart, or adrenal. Because they are not a both-sex, both-modulation, three-dose repeat of NTP, they leave the question open, but a new study list that ignores them is one-sided.
1. Retest the cell-stress and immune literature in several laboratories, pre-registered, temperature-controlled, and blinded, to learn whether the 93-of-100 count and the thymus findings survive a rigorous replication; the current certainty grade is very low. Add immune endpoints (thymus histology, lymphocyte counts, cytokines, vaccine response) and developmental exposure windows to the protocol.
1. Workers. An enforceable occupational standard and a registry that links measured dose to disease.
A radiofrequency program leaves three questions unanswered: the power-frequency question left open when EMF-RAPID ended, and the ionizing-radiation and near-zero-field questions NASA faces beyond low Earth orbit. Each belongs beside the radiofrequency program, with its own exposure named, rather than inside it as extra evidence about phones.
No single agency owns the question. Responsibility splits four ways, by function:
· FCC. The FCC authorizes equipment and sets exposure rules.
· FDA. FDA handles medical devices and electronic-product radiation but does not set the phone exposure limit.
· NIH and NTP. NIH and NTP do research, although NTP has stopped its radiofrequency laboratory program.
· CDC. CDC tracks public health, but its environmental tracking network has no radiofrequency indicator.
We propose a small chartered interagency program, with a shared agenda and a scheduled look at the limits. The interagency body is our proposal rather than GAO's: in 2012 GAO recommended that the FCC formally reassess the exposure limit and the body-worn phone tests, and both recommendations were later closed as not implemented. In structure the program would succeed EMF-RAPID, but it would have to cover radiofrequency, which EMF-RAPID did not. The 1992 statute authorized $65 million over five years for EMF-RAPID, with a required one-to-one non-federal match; the $65 million figure is a precedent, not a budget for the program proposed here.
[bookmark: _af17]Twenty-seven studies, one line each
The full portfolio runs to twenty-seven studies in six groups, starting with measurement and ending with the standing machinery that puts the reviews and the limits on a schedule:
Measure first
· S1 — Better personal exposure meters. A reference-grade dosimeter from 700 MHz to 100 GHz that separates handset from tower signals; a loan service can cover today's bands but cannot see past 6 GHz.
· S2 — One yardstick for cumulative exposure. Duty cycle, beamforming, distance, and time, combined the same way by every later study.
· S3 — Test the gadgets people buy. Independent tests of consumer meters and phone apps against reference instruments, with the power-frequency mode graded separately from the radio mode.
· S4 — Measure classrooms and playgrounds. A national campaign so that school debates can use numbers.
Long-term studies
· S5 — Follow children from school entry. Objective exposure, operator records, and enough years to outlast a childhood, with a low-technology comparison group and infection and immune markers recorded alongside growth and cognition.
· S6 — Pregnancy, measured. Add dosimetry to an existing birth cohort in place of remembered phone use, which is the wrong exposure.
· S7 — Keep the adult cohorts running until follow-up can test a 20-year lag.
· S8 — The heavy-use tail, with the bias quantified. Pool the case-control studies and adjust for memory and for which ear was used.
Mechanisms
· S9 — A pre-registered retest of the cell-stress and immune studies. Several laboratories, the same protocol, temperature matched, blinded, with thymus and other immune endpoints included and a developmental exposure arm.
· S10 — Whether the peak matters. The same average exposure, delivered as a steady wave, as a 5G waveform, and as an older pulse, across sleep, heart rhythm, and barrier endpoints.
· S11 — The 1990s claims, rerun. Calcium "windows" and the blood-brain-barrier reports, retested with modern dosimetry. Three 2009 replications were null for both continuous-wave and pulsed exposures; a later study found a delayed albumin increase at 13 watts per kilogram in the rat head, which is not a phone-use level.
· S12 — Can a cell membrane demodulate the signal? A physics test at 5G frequencies. A 2010 cavity experiment found no such second harmonic.
Animals and surveillance
· S13 — Repeat the rat study. Multi-site, two years, doses below and above real-world levels, temperature recorded, and a protocol that can be compared with the 2026 Japan and Korea GLP arms as well as with NTP.
· S14 — The margin, computed in public. Independent re-analyses of the NTP dose-response, with the model assumptions stated.
· S15 — Monitors that measure the background. A national ambient network and a public dashboard.
· S16 — A mailbox for symptom reports. Structured, coded, and labeled as reports rather than proof of cause.
· S17 — Workers. A registry of tower, broadcast, and radar workers, and the analysis for an enforceable OSHA limit.
Special populations, environment, history
· S18 — Fertility, with a meter. Scrotal dose measured over months, then semen quality. A 2014 meta-analysis reported about an 8 percentage-point lower motility with phone exposure and very high heterogeneity; later WHO-commissioned work rates the human evidence very-low certainty. Recalled phone use is not a dose.
· S19 — IVF records plus measured exposure.
· S20 — Implant interference, watched as products change. Mine FDA adverse-event reports and keep the six-inch guidance current.
· S21 — Hearing aids and phones. Through 14 December 2026, at least 85 percent of a manufacturer's handset models must be hearing-aid compatible; from 15 December 2026, 100 percent must meet acoustic coupling and at least 85 percent the telecoil standard. Whether users actually see less interference is unmeasured.
· S22 — Wildlife, with the field measured. Birds, insects, and plants, at known levels.
· S23 — The bird compass, at the frequencies the mechanism names. Test where disruption is predicted (below about 116 MHz) and where it is not (mobile bands). A design that labels 70–150 MHz as "all above the ceiling" is wrong: 75–85 MHz disrupts, and 140–150 MHz did not.
· S24 — A century of exposure, assigned by place and birth year, linked to registries. S24 is the study that can use the historical record; the record itself is not a result.
· S25 — The earliest heavy users, now approaching thirty years of use, followed for tumors and neurological disease.
The standing machinery
· S26 — Reviews on a cycle. Repeat the WHO-style systematic reviews every five years.
· S27 — One interagency agenda, with a date on which the limits are formally reconsidered.

[bookmark: _af18]Recap in one paragraph
Heat, nerve stimulation, and implant interference are established and already have rules. Everyday exposure away from the body is considered "low" relative to the reference levels, and a health effect at everyday levels has not been established. In the pooled human evidence, population brain-cancer rates have not risen with phone use. But a cancer registry is a blunt instrument. The question stays open because male rats developed a rare heart tumor at high exposure, because a large cellular literature is still graded very-low certainty, because a blinded study showed that urban radiofrequency noise disables a bird's non-thermal magnetic sensor, because immune tissue in rats has responded in several designs, and because no cohort has watched a heavy user from youth through a full latency. We recommend the measurement network, the child cohort, the bioassay replication, immune and developmental endpoints, and a chartered interagency program, each of them ordinary scientific work. Enough is known to take the question seriously, and not enough is known to close it.

[bookmark: _af19]How the research was done
The research agents worked under a verification rule: a claim used as a number had to be checked in more than one source, and an unverified item had to be labeled rather than upgraded. An architect turned the RFI into eight topics and 85 sub-questions, and eighty-five research agents gathered the evidence; twelve of the sub-questions had to be run again after a failed first pass. Eight synthesis agents compressed the sub-studies, and a critic then reviewed the master in four rounds, with three correction passes. The run log counts 102 agent tasks in total, including the architect, the master synthesis, the critics, and the finalize passes. The research and draft report was then human reviewed and every word was read and edited for clarity.

[bookmark: _af20]Sources for the claims above
	Claim
	Source

	NTP "clear evidence," male-rat heart schwannoma; GSM 0/2/1/5 and CDMA 0/2/3/6 per 90 across 0, 1.5, 3, 6 W/kg; "some evidence" for brain tumors in male rats
	NTP Technical Report 595. https://ntp.niehs.nih.gov/go/tr595abs

	Results should not be extrapolated directly to phone use; whole-body exposure; lowest level matched the maximum local phone limit; highest level was four times that
	NIH/NIEHS release on the final reports, 1 Nov 2018. https://www.nih.gov/news-events/news-releases/high-exposure-radio-frequency-radiation-associated-cancer-male-rats

	High certainty for malignant heart schwannomas in male rats and for gliomas; most other organs no or minimal evidence; human extrapolation "particularly complex"; BMDs reported
	Mevissen et al., Environment International 199:109482 (2025). https://doi.org/10.1016/j.envint.2025.109482

	Glioma mRR 1.01 (0.89–1.13); meningioma 0.92 (0.82–1.02); acoustic neuroma 1.03 (0.85–1.24); no increase with time since start or cumulative call time; 63 articles
	Karipidis et al., Environment International 191:108983 (2024). https://doi.org/10.1016/j.envint.2024.108983

	93 of 100 low-intensity studies reported oxidative effects
	Yakymenko et al., Electromagnetic Biology and Medicine 35:186–202 (2016). https://doi.org/10.3109/15368378.2015.1043557

	Oxidative-stress evidence very-low certainty; majority high risk of bias; thymus modified proteins SMD +6.16 (3.55, 8.76), 1 study, n=42
	Meyer et al., Environment International 194:108940 (2024). https://doi.org/10.1016/j.envint.2024.108940

	1.5 + 2.8 GHz, 5/10/30 mW/cm²; thymus, spleen, lymph node injury; fewer white cells to day 28; lower cytokines at 10 and 30; n=27 per group; no SAR reported; body temperature unchanged
	Yao et al., International Journal of Environmental Research and Public Health 20(6):4988 (2023). https://doi.org/10.3390/ijerph20064988 · full text https://pmc.ncbi.nlm.nih.gov/articles/PMC10049199/

	2.45 GHz at 0, 1.5, 3, 12 W; 64 rats; thymic vascular and hemorrhagic change; Hsp90 down at 12 W; abstract only
	Misa-Agustiño et al., Life Sciences (2015). https://doi.org/10.1016/j.lfs.2015.01.027 · https://pubmed.ncbi.nlm.nih.gov/25731700/

	2.14 GHz W-CDMA, 0.2 W/kg (2.5 × the ICNIRP public whole-body limit), 20 h/day for 9 weeks; T-cell counts and IL-4 protein unchanged; thymic Il4, Il5, Il23a mRNA up; Japan MIC funding
	Ohtani et al., Journal of Radiation Research (2015). https://doi.org/10.1093/jrr/rru126 · full text https://pmc.ncbi.nlm.nih.gov/articles/PMC4426920/

	50 Hz at 1 kV/m + 5 µT or 5 kV/m + 100 µT for 8 months; with continuous light, thymocyte death increased and mitosis unchanged; abstract only
	Quaglino et al., TheScientificWorldJournal 4 (2004). https://doi.org/10.1100/tsw.2004.183 · https://pmc.ncbi.nlm.nih.gov/articles/PMC5956364/

	European robins lost magnetic orientation in urban electromagnetic noise (50 kHz–5 MHz) and regained it in screened huts
	Engels et al., Nature 509:353–356 (2014). https://doi.org/10.1038/nature13290

	Leaded gasoline phaseout concluded January 1996 after a 25-year effort; children's blood lead down 70 percent
	U.S. EPA, "EPA Takes Final Step in Phaseout of Leaded Gasoline," 29 Jan 1996. https://www.epa.gov/archive/epa/aboutepa/epa-takes-final-step-phaseout-leaded-gasoline.html

	Adult obesity prevalence 40.3 percent, August 2021–August 2023
	NCHS Data Brief 508 (2024). https://www.cdc.gov/nchs/products/databriefs/db508.htm

	Adult obesity about 15 percent in 1976–1980
	Fryar, Carroll, and Ogden, NCHS Health E-Stat, trends 1960–1962 through 2009–2010. https://www.cdc.gov/nchs/data/hestat/obesity_adult_09_10/obesity_adult_09_10.htm

	90 percent of $5.3 trillion in annual U.S. health care expenditures is for people with chronic and mental health conditions
	CDC, Chronic Disease Facts and Statistics. https://www.cdc.gov/chronic-disease/data-research/facts-stats/index.html

	Ohio Amish all-cancer incidence 60 percent of the Ohio adult rate; tobacco-related 37 percent, non-tobacco-related 72 percent
	Westman et al., Cancer Causes & Control (2010). https://doi.org/10.1007/s10552-009-9435-7

	41 experimental studies, 2,874 participants; headache SMD 0.08 (−0.07 to 0.22); volunteers could not detect exposure above chance
	Bosch-Capblanch et al., Environment International 187:108612 (2024). https://doi.org/10.1016/j.envint.2024.108612

	Public whole-body basic restriction 0.08 W/kg; local 2 W/kg over 10 g; guidelines to 300 GHz; brief-exposure limits included
	ICNIRP, Health Physics 118(5):483–524 (2020). https://www.icnirp.org/cms/upload/publications/ICNIRPrfgdl2020.pdf

	U.S. phone limit 1.6 W/kg over 1 g; MPE table through 100 GHz
	47 CFR §1.1310. https://www.ecfr.gov/current/title-47/section-1.1310

	Remand without vacatur
	Environmental Health Trust v. FCC, 9 F.4th 893 (D.C. Cir. 2021)

	2026 comment period on the remanded issues; limits not vacated by the notice
	FCC Public Notice DA 26-997, ET Docket 13-84, 91 FR 60128 (22 Sep 2026). https://www.fcc.gov/document/fcc-requests-comment-rf-exposure-remand-0

	FCC had not formally asked health agencies to reassess; both recommendations closed, not implemented
	GAO-12-771 (2012). https://www.gao.gov/products/gao-12-771

	EMF-RAPID: enacted 1992, ended 31 Dec 1998; ELF, not RF; weak evidence; passive regulatory action
	NIEHS report to Congress on the EMF-RAPID program

	Poland's current public limits match the 1998 European recommendation; in force 1 Jan 2020; 61 V/m and 10 W/m² from 2–300 GHz
	Rozporządzenie Ministra Zdrowia, 17 Dec 2019, Dz.U. 2019 poz. 2448. https://eli.gov.pl/eli/DU/2019/2448/ogl

	France: national limits under décret n° 2002-775; Wi-Fi rules for young children under loi n° 2015-136
	https://www.radiofrequences.gouv.fr/la-reglementation-associee-a74.html

	Israel: chronic public exposure from base stations limited to 1/10 of ICNIRP; shorter-stay areas 30%
	Tnuda FAQ, citing the Ministry of Environmental Protection. https://tnuda.org.il/en/faq/6

	India base-station limits: one-half of ICNIRP from the 1 Jan 2025 letter (f/400; 5 W/m² from 2–300 GHz). The portal's "1/5th" sentence does not match its own table
	DoT, "A Journey for EMF," letter No. 16-10/2022/CS-2. https://dot.gov.in/journey-emf · table https://tarangsanchar.gov.in/EMFPortal/DoT/EMFRadiationNorms

	Own-phone 67.2% is the share of measured personal exposure, not brain dose; environmental sources 6.0% of modeled brain dose
	Roser et al., Environment International 99:303–314 (2017). https://doi.org/10.1016/j.envint.2016.12.008

	On-body meters: ExpoM-RF median ratio 0.79 (IQR 0.55–1.1); EmeSpy 200 median ratio 0.29 (0.22–0.38); 267 microenvironments
	Huss et al., Environment International 156:106711 (2021). https://doi.org/10.1016/j.envint.2021.106711

	TriField TF2 lists at $186. RF mode: 20 MHz–6 GHz, single axis, ±20% at 1 GHz, full scale 19.999 mW/m² (about 0.2% of 10 W/m², about 0.3% of 6 W/m²). Magnetic mode: 3-axis, ±4% at 50/60 Hz
	AlphaLab product page, observed 12 Oct 2026. https://trifield.com/products/trifield®-emf-meter-model-tf2

	Five consumer RF meters bought at about €172–€408 and advertised to 8 GHz did not meet those specifications in an anechoic chamber
	WILA Bonn, measurements by IMST GmbH, Kamp-Lintfort; purchases summer 2015. English copy: https://www.emfanalysis.com/wp-content/uploads/2016/01/German-Test-Report-RF-Meters.pdf

	Germany lends an ExpoM-RF4 (50 MHz–6 GHz, 29 bands) or an ExpoM-ELF for 24 hours and writes a report for €45. The report is not legal proof. The wearer's own phone is only a rough near-field indication. The radio meter has no live display
	Bundesamt für Strahlenschutz, Messgeräteverleih. https://www.bfs.de/DE/themen/emf/kompetenzzentrum/verleih/verleih.html

	Fixed transmitters can be evaluated from power, antenna pattern, and distance, with measurement when the prediction approaches the limit
	FCC OET Bulletin 65, Edition 97-01 (August 1997). https://www.fcc.gov/Bureaus/Engineering_Technology/Documents/bulletins/oet65/oet65.pdf

	Model residential code: smoke alarms required; carbon monoxide alarms required where fuel-burning equipment or an attached garage is present
	International Residential Code R314 and R315 (2021). https://codes.iccsafe.org/content/IRC2021P2/chapter-3-building-planning

	INTERPHONE glioma OR 0.81 (regular use) and 1.40 (≥1,640 h); authors: bias and error prevent a causal interpretation
	INTERPHONE Study Group, International Journal of Epidemiology 39:675–694 (2010). https://doi.org/10.1093/ije/dyq079

	Cardiomyopathy BMD, 20- to 40-fold; separate from the 15- to 900-fold linear cancer model
	Uche & Naidenko, Environmental Health 20:84 (2021). https://doi.org/10.1186/s12940-021-00768-1 · Melnick & Moskowitz, Environmental Health (2026). https://doi.org/10.1186/s12940-026-01288-6

	Ramazzini male heart schwannoma 0/412, 3/401, 1/209, 3/207 at 0, 5, 25, 50 V/m; significant at 50 V/m; top whole-body SAR about 0.1 W/kg
	Falcioni et al., Environmental Research 165:496–503 (2018). https://doi.org/10.1016/j.envres.2018.01.037

	2026 GLP bioassays, male rats, 900 MHz CDMA, 4 W/kg: no significant neoplastic increase in major organs including brain, heart, and adrenal
	Imaida et al., Toxicological Sciences (2026), https://doi.org/10.1093/toxsci/kfag002 · Kim et al., https://doi.org/10.1093/toxsci/kfag001

	5G-specific maximum 10.4 mW/m² = 0.1% of the 10 W/m² reference in the results and conclusion. The abstract's 3.2% is the electric-field ratio (about 1.98/61 V/m), not the power-density ratio
	Deprez et al., Bioelectromagnetics 46:e70019 (2025). https://doi.org/10.1002/bem.70019 · full text https://pmc.ncbi.nlm.nih.gov/articles/PMC12365728/

	Bird compass: no effect at 140–150 MHz or 235–245 MHz; sensitivity falls above about 116 MHz; 75–85 MHz does disrupt; radical-pair mechanism
	Leberecht et al., PNAS 120:e2301153120 (2023). https://doi.org/10.1073/pnas.2301153120

	49ers practice fields beside Silicon Valley Power since 1988; January 2026 fence reading 8.5 mG; experts reject a tendon mechanism at that level; team measurement of 29 March 2026 is unpublished
	Washington Post, 15 Jan 2026, https://www.washingtonpost.com/sports/2026/01/15/injuries-49ers-emf-theory-substation/ · NFL chief medical officer Allen Sills, 30 Jan 2026 · 49ers GM John Lynch, 29 March 2026

	ELF magnetic fields, Group 2B, on childhood-leukemia epidemiology
	IARC Monograph 80 (2002). https://publications.iarc.who.int/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

	Artemis II is the first crew beyond the magnetosphere since Apollo 17
	NASA Scientific Visualization Studio, id 5622, released 5 March 2026. https://svs.gsfc.nasa.gov/5622/

	Station dose about 0.6 mSv/day; deep-space galactic cosmic rays about 2–3 times that; long Mars mission on the order of 1–1.3 Sv
	Lisa Simonsen, NASA, "Space Radiation Technologies for Human Missions beyond Low-Earth-Orbit" (2021 briefing). https://ntrs.nasa.gov/citations/20210023466

	600 mSv cited as the standard for the longest Mars-class missions; shielding mass still prohibits a large reduction
	NASA NTRS 20250006168 (2025)

	Hypomagnetic field: animal effects summarized for spaceflight; human dose-response not established. An effect was reported in 10 whole-body human studies and absent in 4
	Zhang, Bioelectromagnetics 42:516–531 (2021). https://doi.org/10.1002/bem.22360 · Kaspranski, Binhi, and Koshel, Life 15:1766 (2025). https://doi.org/10.3390/life15111766

	Local preemption where the facility complies with FCC RF rules
	47 U.S.C. §332(c)(7)(B)(iv). https://www.law.cornell.edu/uscode/text/47/332

	Six inches from implanted devices; risk described as low; no adverse events identified by FDA at the time of the notice
	FDA. https://www.fda.gov/radiation-emitting-products/cell-phones/magnets-cell-phones-and-smart-watches-may-affect-pacemakers-and-other-implanted-medical-devices

	Twelve inches while wirelessly charging
	Apple support (manufacturer instruction; FDA links to it). https://support.apple.com/en-us/HT211900

	Ten radioactive "negative ion" / anti-5G items; sale prohibited
	Netherlands ANVS, 16 Dec 2021. https://english.autoriteitnvs.nl/latest/news/2021/12/16/do-you-have-a-quantum-pendant-anti-5g-pendant-or-a-negative-ion-jewellery-item-or-sleep-mask-if-so-store-it-away-safely

	Smart-meter bursts on the order of a minute or two per day
	EPRI Smart Meter FAQ Information Brief, product 3002028427 (2023). https://www.epri.com/research/products/000000003002028427

	OSHA 10 mW/cm² provision
	29 CFR §1910.97, in the non-mandatory section. https://www.osha.gov/laws-regs/regulations/standardnumber/1910/1910.97

	Sperm motility mean difference −8.1 percentage points (−13.1 to −3.2), high heterogeneity
	Adams et al., Environment International 70:106–112 (2014). https://doi.org/10.1016/j.envint.2014.04.015

	Hearing-aid compatibility: 85% of models through 14 Dec 2026; from 15 Dec 2026, 100% acoustic coupling and at least 85% telecoil
	47 CFR §20.19

	Siting preemption is about emissions compliance
	47 U.S.C. §332(c)(7)

	Citation index used for the counts in the header
	citations-master-index.md (2,608 table rows; 1,887 unique URLs). manifest.json citationTableRows and urlCount do not match that file.

	Agent counts
	manifest.json: research 85, reruns 12, cluster syntheses 8, total tasks 102


The technical response and the master formula carry the remaining quantitative claims, including study-level intervals. Where this brief and an abstract or a secondary write-up disagree, the primary source in this table controls. The known case is Deprez 2025: use 0.1 percent, and cite the abstract's 3.2 percent only as the abstract's error.
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