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Scope: exposure of drivers and passengers to low-frequency and radiofrequency fields in battery-electric, hybrid and modern
combustion vehicles, including connected and automated platforms, while driving and charging. RFl questions answered:
4(k), 4(l), 4(m), 5(n), 5(0), 7, 8, 9, 10(f), 11(a), 11(b), 11(d), 11(e), 13(i), 16 and 17(a) to 17(c), each tagged in brackets where
answered.

OUR PROPOSAL

EFEIA proposes a coordinated national research and standards program, led by HHS with DOT and NHTSA,
the FCC and NIST and carried out with independent laboratories, that evaluates the modern vehicle as an
occupied electromagnetic environment: every source, every seat and every realistic operating state,
connected to what the occupant's body absorbs (National Plan, submitted with this summary).

In 24 months it would deliver a reproducible whole-cabin protocol from low frequencies to the highest
installed radar band, an occupant dosimetry dataset that includes children, pregnant occupants and
professional drivers, a consented symptom registry with a clinical pathway, and recommendations for a
vehicle-specific regulatory framework.

Engineering measures and filtering technologies would be judged under the same independent,
technology-neutral protocol.

1 SUMMARY OF THE ISSUE [Q13(i)]

Bottom line. U.S. drivers spend about an hour a day at the wheel [1], seated centimeters from power
electronics, cables and a growing set of radio transmitters and radars. National campaigns in Europe find
brief magnetic-field peaks, highest at the feet, that current methods can miss, and no U.S. rule requires
anyone to assess what reaches the occupant from all sources together.

1. Two layers, one cabin. Traction currents, batteries, inverters, seat heaters and magnetized tires
produce low-frequency magnetic fields [2,3]; cellular, Wi-Fi, Bluetooth, ultra-wideband keys,
vehicle-to-everything (V2X) links and radars at 57-64 GHz (cabin) and 76-81 GHz (road) add radiofrequency
(RF) and microwave fields [4,5,6]. Architecture matters more than fuel: the highest Swiss low-frequency
peaks came from two electric cars and the diesel reference [2].

2. Low averages, brief high peaks. In the German federal campaign, the reference values of the 1999 EU
Council Recommendation were exceeded locally or briefly in all vehicles but one, with the highest fields
often in the front footwells; basic restrictions were never exceeded [7]. Swiss averages were up to 5% (low
frequency) and about 10% (RF) of the limits, with low-frequency peaks up to about 50% [2].

3. Methods built for parts, not for the cabin. IEC 62764-1 covers 1 Hz to 100 kHz and excludes
transmitting antennas [8]; UN Regulation No. 10 governs electromagnetic compatibility, not exposure [9];
FCC exposure rules, which provide for multiple sources, classify transmitters as mobile or portable devices
and contain no vehicle-specific procedure [10]. Both campaigns state that their protocols could miss short
peaks [2,7].

Compliance is not protection. A reference level met at one probe position does not characterize a child's
seat or a ten-hour shift; an implant review warns that "compliance with ICNIRP does not suggest that the
safety of patients with CIEDs is guaranteed" [11]. The RF limits rest on heating averaged over 6 or 30
minutes and the low-frequency limits on nerve stimulation [12,13]; neither addresses modulation,
polarization, combined sources, or how close and how long people are exposed (Section 6).
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2 WHY IT MATTERS [Q11, Q13(i)]

Time in the cabin is long and growing. Drivers averaged 60.4 minutes and 2.44 trips a day in 2024 [1], and
about 22% of new light-duty vehicles sold in 2025 were hybrid, battery-electric or plug-in hybrid [14]. [Q11(e)]
Professional drivers spend whole shifts inside: in 2025 there were 2,221,200 jobs for heavy and tractor-trailer
truck drivers, 563,200 for bus drivers (396,800 in school buses) and 455,700 for taxi and shuttle drivers and
chauffeurs [15].

[Q11(a)] Children ride where fields can be higher. In hybrid cars measured in Israel, fields were higher at the
back seats, and at the back right seat 16% to 69% of measurements exceeded 0.2 pT [16]. Childhood leukemia
is associated with time-averaged residential power-frequency fields above 0.3 to 0.4 pT, the basis of the IARC
Group 2B classification [17,18,19]; whether this applies to the frequencies and durations of cabin exposure has
not been studied. A 2026 review concludes that "magnetic field exposure during routine EV use should not be
presumed harmless" and calls for "dedicated analysis of children as a vulnerable subgroup" [20]. Near the coils
of a wireless-charging minibus, modeled ICNIRP basic restrictions "are exceeded up to 12% for an adult and up
to 38% for a newborn", while they were "never exceeded within the vehicles" [21].

[Q11(d)] Implants. Studies of electric and hybrid cars and of high-power and 220 V charging found no
interference in pacemaker and defibrillator patients under the conditions tested [22,23,24,25], but the field
along a charging cable reached 116.5 pT [26], and the two wireless EV chargers tested caused no interference
but were reported without field strengths [11].

People report symptoms. In a survey of electrohypersensitive people in Japan, 65% attributed health
problems to other passengers' mobile phones on trains or buses and 12% could not use public transportation
at all [27].

3 CURRENT LIMITATION OR GAP [Q5(0), Q8]

G1. No U.S. requirement to assess the occupant. EFEIA found no provision on electric or magnetic fields in
the Federal Motor Vehicle Safety Standards; their electrical rules, FMVSS No. 305 and 305a, address electric
shock [28]. FCC rules classify each transmitter as mobile (20 cm or more from the body) or portable and do not
mention vehicles; the radar rules apply the exposure rules "as appropriate" [10,6,5]. FCC consumer guidance
assumes antennas outside the cabin, where "the metal body of the vehicle can effectively shield occupants"
[29]; V2X antennas, interior radar and digital-key anchors can now be mounted inside it [30,5,4].

G2. No whole-cabin method. I[EC 62764-1 excludes transmitting antennas and the charging station [8]; China's
GB/T 37130-2018, a recommended standard for 10 Hz to 400 kHz, excludes wireless charging [31]; Japan's JASO
TP-13002 covers 10 Hz to 400 kHz in vehicles with traction batteries [32]. None covers on-board transmitters or
combines low-frequency and RF exposure. The Swiss authors list the lack of limits for vehicle interiors and of a
method to combine sources across the spectrum as unresolved: "One outstanding issue remains the
insufficient EMF regulation for vehicle interiors" [2].

G3. Peaks are missed. The Swiss authors consider that, with the temporal and spatial gaps of their protocol,
they probably did not capture all short peaks or the maximum field strengths, and that a strict worst case
needs targeted measurements at higher temporal and spatial resolution [2]. BfS notes that current standards
do not capture peaks shorter than 0.2 s and recommends that automotive procedures reliably capture short,
spatially limited magnetic-field peaks and the combined action of several sources [33,7]. Slow sampling can
underestimate maxima two to three times [34], and a 5 Hz spectral resolution "very likely" underestimates
exposure [35].

G4. Today's radars have not been measured in the cabin. Interior radar for child-presence detection is
authorized at 57-64 GHz, and road radar at 76-81 GHz with up to 50 dBm average EIRP [5,6]; EFEIA found no
in-cabin measurement of either, and the in-vehicle RF surveys cited here stop at 6 GHz [2,36].

G5. Occupants are not represented. The V2X dosimetry study modeled one adult male driver [37]; in a car
model, children's whole-body SAR was typically 1.1 to 1.3 times, and their limb SAR 2 to 3 times in several
scenarios, that of adults [38]. EFEIA found no in-vehicle dosimetry for pregnant occupants.

G6. Phones inside a metal box. Standard channel models assign a car penetration loss of 9 dB on average and
20 dB with metallized windows [39], and phones raise uplink power to compensate for path loss (Section 4).
EFEIA found no published measurement of handset output power in occupied passenger cabins on current LTE
and 5G networks.

G7. No pathway for symptoms, and fields change over time. No registry records symptoms attributed to
vehicles; motion sickness, which stronger regenerative braking increased in an on-road study [40], is one
alternative cause to rule out. In shared electric cars monitored for two years, fields rose after component and



hub replacement [41]; no rule requires reassessment after repairs or software updates.

4 EXISTING EVIDENCE [Q4(K), Q7]

Table 1. Measured and modeled exposure in vehicles. Values as printed in each source, except the Tognola percentage
(calculated) and the pT value for the EFEIA study (conversion).

‘ Source (grade) Result as reported

National campaign,
Germany

National campaign,
Switzerland

EU research

U.S. utility research

Tires, all cars

BfS 2025 (b) [33,7,42]

Eberhard 2023 (b) [2]

Vassilev 2015 (a);

Trentadue 2020 (b) [43,35]

Tell 2013 (a)t [44]
Stankowski 2006 (a) [3]

14 car models (11 battery-electric, 2 hybrid, 1 combustion), test bench, track and traffic:
1999 EU reference values exceeded locally or briefly in all but one; ICNIRP 2010 levels
less often; basic restrictions never; highest in front footwells, at switch-on and load
changes. Charging: up to 219% of the reference value in the driver footwell for 2-5 s at
the start (AC, 11 kW), 5.8% or less afterwards

5 battery-electric cars and 1 diesel, DC-100 kHz and 90-6000 MHz: averages up to 5% of
ICNIRP 2010 reference levels (low frequency) and up to about 10% of RF limits
(maximum 12% on the Swiss NISV basis); low-frequency peaks up to about 50%, "hardly
directly related to the electric drive"; RF typically up to 3 V/m, single values up to 7 V/m;
wireless charging not investigated. The authors see no additional health risk from the
electric drive and no need for a larger follow-up, and name interior regulation and
connectivity as open issues

8 electrified and 3 conventional cars: up to 20% of ICNIRP 2010 reference levels near the
battery and at the feet during start-up, under 2% at front-passenger head height, about
10% in conventional cars. Six models: weighted-peak results above 100% "in PHEVs and
only in one EV", highest at the feet in acceleration and braking

Geometric mean 0.095 pT in 7 electric cars and 0.051 pT in 4 gasoline cars, 40-1,000 Hz
Up to 100 pT at the tires; several uT at the feet and back seat, 10-200 Hz

Long-term Yang 2019 (a) [41] 3 shared electric cars over 2 years: highest mean 1.57 pT (front seat, acceleration); fields
monitoring rose after repairs

RF, V2X and Schilling 2022 (a) [30] With the antenna on the windscreen, V2X "generated the highest electric field strengths
Bluetooth inside a car", on average about three times the other in-car devices, maximum 15.1% of

the ICNIRP 1998 reference level; the roof antenna was strongly attenuated by the car
body; the authors advise against transmitting antennas in the cabin

Four external 5.9 GHz antennas at 30 W EIRP, worst case next to the driver's head: head
SAR 1.58 W/kg (79% of the 2 W/kg ICNIRP 2020 limit), whole-body 8.33 mW/kg

RF dosimetry Tognola 2021 (a) [37]

Cardiac implants Lennerz 2018, 2023;
Tondato 2017; Wase 2023

(a) [22,23,24,25]
Machado 2025 (a)t [36]

108 patients, 4 electric cars with charging; 130 patients, 561 high-power charging
sessions with the cable over the device; 30 defibrillator patients in a hybrid; defibrillator
patients beside a charging electric car, including at 220 V: no interference

Two Tesla Model Y (2021, 2022), "952 EMF data points" in Miami-Dade County, driving,
idle and charging: ELF/LF electric field peaks during Supercharging, up to 113 V/m in the
Supercharger zone; RF peaks at 2.4 and 5 GHz at the console, display and adjacent
seats; magnetic flux density 0.21-0.62 mG at 14 points, peak 1.94 mG (0.194 uT); body
voltage highest at the front seats during Supercharging and high-speed driving

EFEIA vehicle study

t Funded by EPRI; EPRI and Southern California Edison authors (stated); not downgraded. ¥ The author's own study; relationship stated in the
reference.

F1. Well established: fields peak near the floor and during transients. Magnetic fields are highest at the
feet and front footwells and during start-up, acceleration, braking and load changes, and vary more with model
and component than with fuel [43,7,2,35].

F2. Consistent: low averages; brief peaks that can exceed reference values. Averages are a few percent of
reference levels everywhere; brief local peaks exceeded the 1999 EU reference values in all but one vehicle in
Germany [7], exceeded 100% in some plug-in hybrids and one electric car in the JRC tests [35], and reached
about 50% in Switzerland [2]; basic restrictions were not exceeded where assessed [7].

F3. Moderate: transmitters inside the cabin set in-cabin RF. On-board systems, especially antennas inside
the cabin, gave the highest in-car fields [30]; modeled exposure approached the head limit only with
high-power antennas next to the driver's head [37].

F4. Reassuring under tested conditions, limited elsewhere: cardiac implants. No interference in studies of
108, 130 and 30 patients and in one small study at 220 V [22,23,24,25]; wireless charging has been tested in two
systems without reported field strengths [11], and EFEIA found no clinical tests for other implant types.

F5. Exploratory: EFEIA's vehicle study. Two vehicles in one city; body voltage is a coupling indicator, not tissue
absorption, and the bioelectrography outcomes are not SAR or clinical endpoints [36,4]. After a passive
nanocomposite was installed (Section 5), the paper reports a 61.95% reduction in the BioWell environmental
activity index (entropy in the abstract; as printed), with all six 18-minute blocks inside the 25-100 unit "optimal"
range [36]; GDV/Bio-Well is a method under active scientific validation.



5 WHAT EFEIA CAN CONTRIBUTE [Q4(k), Q4(l), Q10(f)]

EFEIA's author first called for a vehicle exposure protocol on the model of SAR testing for phones in 2020 [45].
Table 2. EFEIA datasets and actions.

Tesla Model Y Multi-state protocol (driving, idle, AC charging and Supercharging); seat and | Published 2025
study console mapping of ELF/LF electric and magnetic fields, RF 0.3-6 GHz, body
voltage and environmental bioelectrography [36]

180 reported cases | G7 As of 21 October 2026, NOXTAK has received 180 cases of people who attribute | Reported; consented
symptoms or adverse experiences to electric-vehicle use and sought help, | registry planned
including filtering. An author-reported service count, not a prevalence estimate
or adjudicated injuries [4]

National plan G1-G7 | 24-month program: scenario library, seat-resolved maps from 1 Hz to the | Submitted with this
highest radar band, occupant dosimetry atlas, symptom registry, cabin | summary
exposure dossier and change control [4]

Architectural index | G5 An index of the electronic complexity of 22 electric cabins and an inferred | Hypothesis; needs
ranking, offered to stratify sampling; not measured dose or risk [4] independent verification
Mitigation testing | G1 Engineering measures and filtering technologies, including the nanocomposite, | Proposed
tested under one protocol with sham controls and blinded analysis (Section 4)
[4]

[Q4(I)] Each EFEIA dataset will record instrument model and serial number, calibration certificate, probe and
bandwidth, detector and sampling interval, vehicle model, configuration and software version, seat and probe
position, operating state, route, network conditions and uncertainty.

6 ADDITIONAL RESEARCH NEEDED [Q5(0), Q8, Q16]

R1. Seat-resolved national campaign. A stratified fleet sample by propulsion, age and sensing and
connectivity architecture, with repeat units, from 1 Hz to the highest installed radar band [4,7], and
time-domain capture of peaks at higher temporal and spatial resolution, synchronized to vehicle telemetry
[2,7]. R2. Occupant dosimetry. Induced internal electric fields at low frequency, SAR and absorbed power
density at RF and millimeter waves, in adult, child, child-seat and pregnant models, validated with phantoms
and interlaboratory comparison [38,37,12]. [Q13(i)] R3. Interior radar and V2X at 57-64 and 76-81 GHz, at
operating duty cycles [5,6]. R4. Phone and hotspot uplink power inside vehicles on current LTE and 5G
networks, by coverage and window type [39]. [Q11(a)] R5. Children: whether the childhood-leukemia
association with time-averaged power-frequency fields is relevant to cabin exposure, and the cumulative
exposure of children on daily routes [17,20]. [Q11(b)] R6. Pregnancy: maternal and fetal models at realistic
seat geometries [4]. [Q11(d)] R7. Implants: wireless charging with field strengths reported, and
neurostimulators, insulin pumps and hearing implants near chargers and interior transmitters [11]. [Q11(e)]
R8. Professional drivers: full-shift personal exposure logging in trucks, buses and ride-hailing cars. [Q4(m)] RO.
Health: a consented symptom registry with differential assessment (motion sickness, braking, noise, vibration,
heat, display use), then preregistered, sham-controlled, double-blind provocation studies in real cabins below
thermal thresholds, with heart-rate variability, sleep and attention endpoints [4,40]. R10. Durability:
reassessment after repairs, component replacement and software updates [41].

7 PROPOSAL AND NEXT STEPS [Q5(n), Q9, Q17]

[Q17] P1. HHS, through OASH, convenes DOT and NHTSA, the FCC, NIST and NIOSH to authorize the 24-month
national program in the National Plan [4], with an independent scientific steering process and independent
laboratories. [Q5(n)] P2. NIST, with IEC Technical Committee 106 and SAE, develops a whole-cabin protocol that
extends IEC 62764-1 to on-board transmitters and radars, captures peaks, combines sources across the
spectrum and is validated by interlaboratory comparison [8]. [Q17(b)] P3. NIEHS funds the occupant dosimetry
atlas and the health studies (R2, R5, R9). [Q17(c)] P4. CDC, with NIOSH, sets the case definition for the symptom
registry and leads professional-driver surveillance (R8, R9). [Q17(a)] P5. FDA's Center for Devices and
Radiological Health publishes interference distances by implant type for EV chargers, wireless charging and
interior radar (R7). [Q5(n)] P6. The FCC states, in ET Docket 13-84, where comments are due 22 October 2026,
how vehicle-integrated transmitters are assessed for occupants at actual seat distances and in combination
[10,46]. [Q9] P7. Through the interagency review in P1, new models carry a cabin exposure dossier: an
inventory of transmitters and antenna locations, the scenarios tested and seat-resolved results, reassessed
after changes that alter exposure [4]. P8. Protection claims, including those for filtering technologies, are
evaluated under the national framework of Section 4 (Exhibit 4A), with the nanocomposite tested as one
candidate (Section 5).

Related: Sections 1 (instrumentation), 2 (urban monitoring), 3 (EHS and implants), 4 (shielding and consumer



products), 5 (the nanocomposite, with the relationship disclosed) and 6 (what the limits assume).
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