
Radiation Analysis in a Gradual 5G Network
Deployment Strategy

Ahmad M. El-Hajj
Electrical & Computer Eng. Department

Beirut Arab University
Beirut, Lebanon

a.elhajj@bau.edu.lb

Tarek Naous
Electrical & Computer Eng. Department

Beirut Arab University
Beirut, Lebanon

tareknaous@ieee.org

Abstract—In a world where many overlapping 2G, 3G, and
4G electromagnetic radiation sources already exist, concerns
regarding the potential increase in these radiation levels following
the roll-out of 5G networks are growing. The deployment of 5G
is expected to increase power density levels drastically, given the
limitations of mmWave communications that impose a notably
higher number of base stations to cover a given area of interest.
In this paper, we propose a gradual deployment strategy of a
5G network for a small area in downtown Austin, Texas, using
the already existing 4G LTE sites of the area. The radiated
power density of the proposed 5G network is then analyzed
according to several electromagnetic field (EMF) exposure limits
and compared to the radiation levels of the same area where
only the LTE network is present. Simulation results for the
selected area demonstrate the significant increase in radiation
levels resulting from the addition of 5G cell towers.

Index Terms—5G, Network Planning, Radiation Analysis

I. INTRODUCTION

The notably large bandwidth available in the millimeter-
wave (mmWave) band and the potential multi-gigabit-per-
second (Gbps) data rates that can be achieved for future
communication services have made mmWave communications
a key part of Fifth Generation (5G) mobile networks. Despite
the promising advantages of millimeter wave communications
in terms of improved quality of service requirements, its usage
for the 5G wireless standards comes at significant costs. First,
working with such high frequencies will reduce coverage
ranges of base transceiver stations (BTS). For proper coverage
of an area, a densification of 5G BTSs is required to achieve
the same coverage provided for this same area by today’s
4G BTSs. Also, high propagation loss and increased signal
blockage occurs, motivating the introduction of multi-antenna
approaches such as Massive MIMO [1], [2].

This potential addition of a large number of transmitters
gives rise to another problem that needs to be considered,
which is the increase in radiation levels in the rolled-out
5G network. Although these transmissions are non-ionizing
radiations, they cause thermal heating at the eyes and skin
level. Extensive heating for long periods of time is when
adverse health effects may occur. These health concerns
have stimulated interest in the biological safety of mmWave
transmissions. In this respect, several exposure limits have
been specified in standards and regulations developed by

commissions and organizations that many governments will
rely on when future 5G networks are deployed. However, these
regulations have contradicting limits, many of which have
remained the same before the year 2000. Therefore, designing
a 5G network with radiation levels that complies with all the
safety limits is a difficult task given the current regulations.

Despite the ongoing standardization of 5G technology,
several works in the literature have presented 5G network
deployment studies. The cost and coverage implications of
deploying a 5G network in Britain has been presented in [3]
where it was shown that full coverage had exponentially rising
costs due to network densification. Additional 5G network de-
signs for different cities were presented in [4]–[6] without any
consideration for the constraints of electromagnetic radiations
or the implications of the environment in mmWave propaga-
tion. Network design has been studied under such radiation
constraints in [7], [8] but for 4G networks. Power density
assessment of 5G cellular nodes in an indoor environment has
been presented in [9] where results showed that the peak power
density remained below the specified threshold and can thus
be deemed safe for the general public. However, not all of the
guidelines and exposure limits were considered in this work
and the simulation did not represent a real-world scenario.

To the best of our knowledge, no work has provided a
thorough analysis of the deployment of 5G networks in terms
of its impact on the increase in radiation levels. Existing work
in the literature has either focused on the cost (e.g., [3]) or
radiation levels for older standards (e.g., [7]). To this end,
this paper presents a mmWave-based 5G network deployment
strategy given pre-existing LTE nodes in a small geographical
area in Austin, Texas. We then approximate the power density
levels that would be experienced in such outdoor environments
and analyze their variations and compliance with the specified
exposure limits for different transmission powers and transmit
antenna gains. We also compare this radiated power density
in the deployed 5G network to the power density levels of the
same area when only the pre-existing LTE BTSs are present.

The rest of this paper is organized as follows: Section II
presents the 5G simulation environment considered in this
work. The proposed deployment strategy of the 5G network in
a small area in downtown Austin, Texas is presented in Section
III. Radiation analysis of the deployed network is performed



in Section IV. Concluding remarks follow in Section V.

II. 5G ENVIRONMENT SETUP

A. Pathloss Model

The close-in free space reference distance (CI) path loss
model [10] is considered. It is defined by the following
equation:

PLCI(f, d)[dB] = FSPL(f, 1m) + 10n log10

(
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)
+XCI

σ

(1)
where the free space path loss (FSPL) for a frequency of

operation f is given by:

FSPL(f, 1m) = 20 log10

(
4πf

c

)
(2)

The CI path loss model can be rewritten as:

PLCI(f, d)[dB] = 20 log10
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(3)
where:
• n: is the single model parameter or the path loss exponent
• d0: is the reference distance taken as 1 meter
• d: is the distance in meters between the BTS and the

mobile station
• XCI

σ : a zero mean Gaussian random variable with stan-
dard deviation σ in dB. It represents large scale channel
fluctuations due to shadow fading (SF ). The standard
deviation of this random variable is given by:

σCI =
√∑

XCI2
σ /N

=
√

(PLCI − FSPL− n10 log10(d))/N

(4)
where N represents the number of measured path loss
data points

The values for parameters n and SF vary from one sce-
nario to another. Table I presents the values of these model
parameters in different environmental setups, which have been
obtained by ray tracing and measurements in [11].

TABLE I: CI Model parameters for different environments
[12]

Scenario CI Model Parameters
UMa-LOS n = 2.0, SF = 4.1 dB

UMa-NLOS n = 3.0, SF = 6.8 dB
UMi-S.C.-LOS n = 1.98, SF = 3.1 dB

UMi-S.C.-NLOS n = 3.19, SF = 8.2 dB
UMi-O.S.-LOS n = 1.85, SF = 4.2 dB

UMi-O.S.-NLOS n = 2.89, SF = 7.1 dB

UMa: denotes Urban Macrocell (Tx Heights > 25 m), UMi:
denotes Urban Microcell (Tx Heights < 25 m), LOS: denotes
line-of-sight, NLOS: denotes no line-of-sight, S.C.: denotes
Street Canyon, O.C.: denotes Open Square

B. mmWave Specific Attenuation Factors

In mmWave propagation, attenuation due to atmospheric
and weather conditions constitutes an important factor to con-
sider [13]. Specifically, we will consider oxygen attenuation
O(d) and rain attenuation R(d), which are both dependant
on the separation distance d. Oxygen attenuation has been
observed to be equal 16dB/km in [14], and hence can be
obtained by the following:

O(d)[dB] =
16d

1000
= 0.016d (5)

The rain attenuation factor depends on the climate of the
zone under study. The International Telecommunication Union
(ITU) have segmented these zones and provide measurements
for the rain rates of each zone [15]. Based on these measure-
ments and considering that the area under study in this paper
will be in Austin, Texas, the rain attenuation rate will be taken
to be 3.5 dB/Km. This loss can then be obtained using:

R(d)[dB] =
3.5d

1000
= 0.0035d (6)

C. Link Budget Estimation

The link budget equation upon which the cell radius will be
estimated can now be defined as:

PRx[dBm] = EIRP [dBm]−PLCI−O(d)−R(d)+GRx (7)

where PRx is the power received by the mobile station,
GRx is the antenna gain in dBi of the mobile station, and the
effective isotropic radiated power (EIRP) is given by:

EIRP [dBm] = PTx +GTx − LTx (8)

where PTx is the transmission power in dBm of the BTS,
GTx is the transmitting antenna gain in dBi, and LTx is the
cable loss in dB due to possible antenna mismatch. Table II
lists the values chosen for each parameter of the link budget
equation.

TABLE II: Simulation Parameters

Parameter Value
Frequency f 28 GHz
Max EIRP 43 dBm

Antenna Gain GTx 24 dBi
Transmission Power PTx 19 dBm

Receiver Antenna Gain GRx 0 dBi
Cable Losses LTx 0 dB

D. Identifying Cell Ranges

By using the link budget equation in (7) and considering the
simulation parameters given in Table II, the separation distance
can be found for several receiver sensitivities. The calculated
distance constitutes the cell range for a given BTS that
satisfies the received power requirement. These calculations
are summarized in Table III. A main observation is that the
resulting cell ranges become significantly smaller when the



receiver sensitivity is higher. Cell ranges that are too small
(below 10 meters) are not considered since such small ranges
are not desirable for real deployment.

III. NETWORK DEPLOYMENT

We now consider a small geographical area in downtown
Austin, Texas, to deploy the 5G network. A diagrammatic
view of our proposed strategy is shown in Fig. 1. The selected
area is shown in Fig. 2(a) and delimited in red on the map of
Fig. 2(b). This area already contains several locations where
LTE sites are already built and which will be the starting
points of the gradual 5G network deployment strategy. The
initial LTE cell tower locations are obtained from an online
cell tower database (www.opencellid.org). We consider a worst
case scenario where no line-of-sight components are available.

Install initial 5G BTSs in pre-existing LTE site 
locations

Identify coverage holes in the area after initial 
installations

Install 5G BTSs in large coverage holes

Install reduced-range 5G BTSs in medium coverage 
holes

Install 5G repeaters in small coverage holes 
between neighboring cells

Fig. 1: Gradual Deployment Strategy

The first step of deployment starts by building 5G BTSs
in the areas where LTE BTSs already exist, a technique
known as co-siting. The main aim of co-siting is to reduce
capital expenditures (CapEx) required to erect the 5G sites
and minimize the operational expenditures (OpEx) needed to
sustain their operation. UMa-NLOS towers will be placed in
these locations. The receiver sensitivity is considered to be
-78 dBm which, according to Table III, sets the cell range
of each UMa to be 53 meters. The coverage of the initial
BTSs installed is shown in Fig. 3, after slightly changing the
location of the BTS within the same area it is built on, which
may be any building rooftop, to lessen interference and provide
better coverage. It can be noticed that these initial cells do not
provide coverage to the whole area due to the small cell range
of each BTS. Theoretically, this range can be increased but
would demand the EIRP to be increased above the allowed
limit of 43 dBm, by increasing the transmission power and
selecting a higher-gain massive MIMO antenna configuration

The next step is the identification of coverage holes, as
shown in Fig. 4. Large coverage holes are can be noticed,
where several UMa towers can be distributed to provide good
coverage. Smaller coverage hole are also be identified. Some
of these holes are very small areas between neighboring cells
where 5G repeaters, such as the one described in [16], can
be placed to cover these small holes. Other small holes are
not small enough to be fixed merely by the placement of a
repeater, and are neither too big to place a BTS with a cell

(a)

(b)

Fig. 2: Geographical area of interest in Austin, Texas (a)
Satellite View (b) Map View

Fig. 3: Coverage of initial 5G BTSs built at the locations of
pre-existing LTE cell towers

range of 53 meters. In such locations, reduced-range towers
can be placed to provide coverage. The coverage range for
these towers can be shrinked by reducing transmission power
and choosing smaller MIMO antennas. We calculate the cell
range for the reduced-range BTS towers to be approximately
30 meters and estimate the coverage of the 5G repeater to be
15 meters. The final design of the deployed 5G network is
shown in Fig. 5. It can be observed that the deployment of a
5G network in an area as small as the one presented requires
a densification of cell towers and signal repeaters, which in
turn will cause much more radiation.



TABLE III: Calculated Cell Ranges for Several Receiver Sensitivities in Various Environments

Cell Range (meters) for EIRP = 43 dBm
Receiver

Sensitivity UMa-LOS UMa-NLOS UMi-S.C.-LOS UMi-S.C.-NLOS UMi-O.S.-LOS UMi-O.S.-NLOS

-78 dBm 302 53 334 38.5 385 60
-70 dBm 165 29.7 186 22.3 216 33
-65 dBm 105.5 22 120 15.7 139 22.5
-60 dBm 65 14.1 74.5 11 85 15.3
-55 dBm 38.5 × 44.5 × 55 ×
-50 dBm 22.6 × 26 × 27 ×
-47 dBm 16.2 × 18.6 × 20 ×

Fig. 4: Coverage holes identified after initial BTS installations

Fig. 5: Deployed 5G Network

IV. RADIATION ANALYSIS

A. Exposure Limits

Although mmWave radiation is non-ionizing, the absorption
of mmWave energy in the human body causes heating to the
skin and eyes. This has caused serious concerns in terms
of potential health risks that might come along with the
introduction of 5G networks [17]. For this reason, before
introducing mmWave devices into the market, they need to
comply to several exposure limits that have been specified in
several standards and specifications. The specific absorption
rate (SAR) has often been used as the metric to determine
exposure compliance. The SAR measures the amount of en-

ergy absorbed by the human body while using a mobile phone.
However, at high frequencies, this absorption is restricted to
the skin level and thus it would be difficult to use the SAR
as a measure for exposure limits at mmWave frequencies. The
power density (PD) measured in W/m2 has been the preferred
metric in the mmWave domain.

For the frequency range of 2 to 300 GHz, the IEEE C95.1-
2019 standard [18] specifies a limit power density value of 10
W/m2 in restricted environment and 50 W/m2 in unrestricted
environments. These correspond to an averaging time of
30 minutes. The International Commission on Non-Ionizing
Radiation Protection (ICNIRP) 2020 guidelines for limiting
exposure to electromagnetic fields [19] specify the general
public exposure limit at 10 W/m2 for frequencies between
2 and 300 GHz with the averaging time being 30 minutes.
Similar limits are specified by the Federal Communications
Commission (FCC) in [20] where a restriction of 10 W/m2

for the general public has been set. In contrast, the institute
for building biology and sustainability (IBN) in Germany have
specified the exposure limit to be less than 0.1 µW/m2 in their
2015 Standard of Building Biology Measurement Technique
(SBM-2015) [21], which is a million-fold lower than what is
specified by the aforementioned guidelines. This suggests that
negative health effects can occur at levels much lower than 10
W/m2. Finally, the Chinese ministry of health [22] have set
the power density exposure limit to 0.1 W/m2.

TABLE IV: General Public Power Density Restrictions for the
Frequency Range of 2 to 300 GHz

IEEE
C95.1-2019 ICNIRP FCC China SBM-2015

PD Limit
(W/m2) 10 10 10 0.1 10−6

B. Power Density Assessment

The power density PD radiated by a transmit antenna can
be expressed at a far-field distance d using the following:

PD =
GTxPTx
4πd2

(9)

The far-field distance is defined as the Fraunhofer distance
expressed by:

dfar−field =
2D2

λ
(10)



where D is the largest dimension of the antenna and λ is the
wavelength that corresponds to a frequency of operation. For
distances less than the far-field distance, the power density
cannot be computed using (9) and there would be a need
to resort to numerical modeling methods such as the finite
element method or finite-difference time domain.

C. Results

Fig. 6 shows the value of the power density for several
choices of transmission power and transmit antenna gain in the
distance range of 1 to 5 meters. For the proposed 5G network,
we considered a transmission power of 19 dBm and a transmit
antenna gain of 24 dBi. This corresponds to a value of 1.59
W/m2 at 1 meters which drops to 0.06 W/m2 at 5 meters.
These values comply with the limits set by IEEE, ICNIRP,
and FCC, since they are much lower than 10 W/m2, but do
not comply with SBM-2015 and Chinese Ministry of Health
regulations. Fig. 7 shows the variations of the power density
over the range of 20 to 50 meters. At 50 meters, which is at
proximity of the cell edge, the power density drops further to
6.35×10−4W/m2 which is still much higher than the limit of
the SBM-2015 guidelines. As shown in both Fig. 6 and Fig.
7, increasing the transmission power or choosing an antenna
with a higher gain leads to an increase in the radiated power
density. To comply with the limit set by China, the total EIRP
needs to be dropped to achieve a power density below 0.1
W/m2 which comes at the expense of a reduced cell range
(below 50 meters). This makes it more difficult to plan cost-
efficient 5G networks.
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Fig. 6: Power Densities for Several Transmission Powers and
Antenna Gains for the range of 1 to 5 meters

Cumulative Distribution Function (CDF) plots for the power
density levels experienced in both the pre-existing LTE net-
work and the newly deployed 5G network are shown in
Fig. 8. The additional radiations imposed by the 5G network
significantly increase the probability of being exposed to
power density levels of more than 0.5 W/m2 and that could
reach up to the range of 2 to 2.5 W/m2, while such power
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Fig. 7: Power Densities for Several Transmission Powers and
Antenna Gains for the range of 20 to 50 meters
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Fig. 8: CDF for the power densities levels for both pre-existing
LTE and deployed 5G network

density levels were not experienced in the pre-existing LTE
network. This is why the CDF of the power density in the
pre-exisitng LTE network reaches the limiting factor of 1 for
a power density around 0.65 W/m2

Fig. 9 shows a heat-map representing the radiated power
by the LTE BTSs in the area under study before deploying
the 5G network, where a simplified path loss model [23] is
considered for an urban macrocell. In Fig. 10, a similar heat-
map is shown after the deployment of the 5G network. The
remarkable increase in radiation levels after integrating 5G
infrastructure with the original LTE network can be easily
observed through the predominance of the red color in the
heat map.

The presented results clearly show that the potential ra-
diation levels that will be reached upon the roll out of
5G networks do not comply with all of the aforementioned



exposure limits. This suggests that 5G mobile networks can
not yet be classified as safe for the public, and demands
serious considerations before using mmWave communications
for 5G networks, given the potential harms it could afflict on
the public. This paves the way to the consideration of hybrid
transmission techniques including traditional electromagnetic
waves, free-space optics and visible light communication
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Fig. 9: Power Density Map of the Initial LTE Network
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5G solutions targeted to limit the health risks and economic
barriers associated with this problem. This work can be
extended by developing an analytical framework to efficiently
rank and rate different cell allocation alternatives to minimize
the potential radiations given a carefully chosen list of key
performance indicators.
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Fig. 10: Power Density Map of the Deployed 5G Network

V. CONCLUSION

This paper presented an analysis of the radiation levels in a 
deployed 5G network in an urban outdoor environment. Under 
the constraints of exposure limits, several challenges face the 
design and planning of such radiation aware 5G networks. Cell 
ranges need to be reduced to comply with the maximum 
allowed radiated power, requiring the densification of small 
cells in small areas and making it more costly to deploy these 
radiation-aware 5G networks. Although in this work we 
considered the maximum allowed EIRP prior to network 
deployment, results showed power density levels that do not 
satisfy all the exposure limits set by several sources. In this 
regard, a positive impact can be imposed by radiation-aware 5G 
networks on several levels. On a governmental level, the 
exposure limits for the power density need to be revised using 
today’s data and approaches to bridge the gap between the 
thresholds specified by the different institutes and 
commissions. On a technological and scientific level, the 
radiation exposure constraint can open the door for innovative
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Abstract
The use of mobile phones has widely increased over the last two decades. Mobile phones produce a
radiofrequency electromagnetic field (RF-EMF), a form of non-ionizing radiation. In contrast to the ionizing
radiation proven to cause DNA damage, the harmful effects of non-ionizing radiation on the human body
have not been discovered yet. The thyroid gland is among the most susceptible organs to mobile phone
radiation due to its location in the anterior neck. Our purpose in this literature review is to explore the
effects of the electromagnetic field (EMF), especially radiofrequency emitted from mobile phones,
on thyroid hormones and thyroid gland histopathology. We searched PubMed and Google Scholar databases
for relevant studies published after the year 2000, using the following keywords: ‘cell phones', ‘mobile
phones', ‘telephones', ‘electromagnetic fields', ‘radiofrequency radiation', ‘microwaves', ‘thyroid gland',
‘thyroid hormones', and ‘thyroid cancer'. Our review revealed that mobile phone radiofrequency radiation
(RFR) might be associated with thyroid gland insufficiency and alterations in serum thyroid hormone levels,
with a possible disruption in the hypothalamic-pituitary-thyroid axis. The review also showed
histopathological changes in the thyroid gland follicles after exposure of rats to non-ionizing radiation. The
results were directly related to the amount and duration of exposure to EMF radiation. Further human
studies exploring thyroid gland hormones, microscopic morphology, and thyroid cancer are highly
recommended for future researches.

Categories: Endocrinology/Diabetes/Metabolism, Pathology, Radiology
Keywords: mobile phones, cell phones, electromagnetic field, radiofrequency, microwaves, low-frequency radiation,
thyroid hormones, thyroid gland, thyroid cancer

Introduction And Background
'I do not doubt in my mind that, at present, the greatest polluting element in the earth’s environment is the
proliferation of electromagnetic fields (EMFs),' said Dr. Robert O. Becker (1923 − 2008), a researcher from the
United States (US) in electromedicine and a Nobel Prize winner [1]. In 2021, mobile phone subscriptions
surpassed eight billion users worldwide, and the number is expected to increase to 8.8 billion by 2026 [2].
Mobile phones use EMFs with frequencies ranging from 450-3800 MHz [3]. The EMF comprises both an
electric field and a magnetic field; the electric field is produced between positive and negative electric
charges and, in contrast, a magnetic field can be generated by the movement of electrons, known as electric
current [4]. Electromagnetic waves are classified based on their frequencies, i.e., the number of cycles per
second, measured in Hertz (Hz) [4]. High-frequency EMFs (HF-EMFs), including gamma rays, X-rays, and
higher ultraviolet lights, are forms of ionizing radiation, therefore, capable of breaking the DNA bonds of
human cells [5].

Non-ionizing forms of radiation include lower frequencies on the electromagnetic spectrum and are not
proven to cause DNA damage directly (Figure 1 ). Examples of extremely low frequency-EMFs (ELF-EMF)
include electricity from power sockets at homes, power lines, and electrical devices such as hair dryers
[5]. Radiofrequency-EMF (RF-EMF) is also a subtype of non-ionizing radiation with frequencies ranging
from 30 kHz-300 GHz [6]. Radiofrequency-based technology has increased dramatically over the last few
decades; it includes mobile phones, computer monitors, tablets, radio and television broadcasting antenna
towers, wireless fidelity (Wi-Fi), radars, MRI, and microwave ovens [6].
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International Appeal: Scientists call for protection from 
non-ionizing electromagnetic field exposure

To: His Excellency Ban Ki-moon, Secretary-General of the United Nations; 
Honorable Dr. Margaret Chan, Director-General of the World Health Organization; Honorable Achim 
Steiner, Executive Director of the U.N. Environmental Programme; U.N. Member Nations

Summary. We are scientists engaged in the study of biological and health effects of non-ionizing electro-
magnetic fields (EMF). Based upon peer-reviewed, published research, we have serious concerns regarding 
the ubiquitous and increasing exposure to EMF generated by electric and wireless devices. These include–but 
are not limited to–radiofrequency radiation (RFR) emitting devices, such as cellular and cordless phones and 
their base stations, Wi-Fi, broadcast antennas, smart meters, and baby monitors as well as electric devices 
and infra-structures used in the delivery of electricity that generate extremely-low frequency electromagnetic 
field (ELF EMF).

EUR. J. ONCOL.; Vol. 20, n. 3/4, pp. 180-182, 2015                        © Mattioli 1885

Specific topics

Scientific basis for our common concerns

Numerous recent scientific publications have 
shown that EMF affects living organisms at levels 
well below most international and national guidelines. 

Effects include increased cancer risk, cellular stress, 
increase in harmful free radicals, genetic damages, 
structural and functional changes of the reproductive 
system, learning and memory deficits, neurological 
disorders, and negative impacts on general well-being 

An introduction to the International EMF Scientist Appeal

The current issue of the European Journal of Oncology contains a document the “International 
EMF Scientist Appeal” (EMFscientist.org) that addresses the concerns of 215 scientists from 40 nations 
about the adverse health effects on the human population exposed to non-ionizing electromagnetic fields 
(EMF) from extremely-low frequency to radiofrequency. The Appeal has been submitted to the United 
Nations, to two of its sub-agencies, the World Health Organization (WHO) and the United Nations 
Environmental Programme (UNEP), and to all UN Member Nations.

We note that the overall weight of evidence reported in peer-reviewed, scientific studies strongly 
supports greater precautionary measures be taken to reduce or eliminate EMF exposure.

Coordinating and Advisory Committee for the “International EMF Scientist Appeal” (Martin 
Blank, Magda Havas, Elizabeth Kelley, Henry Lai, and Joel Moskowitz). We can be reached through 
Elizabeth Kelley at info@EMFscientist.org. 
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in humans. Damage goes well beyond the human race, 
as there is growing evidence of harmful effects to both 
plant and animal life.  

These findings justify our appeal to the United 
Nations (UN) and, all member States in the world, to 
encourage the World Health Organization (WHO) to 
exert strong leadership in fostering the development 
of more protective EMF guidelines, encouraging pre-
cautionary measures, and educating the public about 
health risks, particularly risk to children and fetal de-
velopment.  By not taking action, the WHO is failing 
to fulfill its role as the preeminent international public 
health agency. 

Inadequate non-ionizing EMF international
guidelines 

The various agencies setting safety standards have 
failed to impose sufficient guidelines to protect the 
general public, particularly children who are more vul-
nerable to the effects of EMF. 

The International Commission on Non-Ion-
izing Radiation Protection (ICNIRP) established 
in 1998 the “Guidelines For Limiting Exposure To 
Time-Varying Electric, Magnetic, and Electromag-
netic Fields (up to 300 GHz)” (1). These guidelines 
are accepted by the WHO and numerous countries 
around the world. The WHO is calling for all na-
tions to adopt the ICNIRP guidelines to encourage 
international harmonization of standards. In 2009, 
the ICNIRP released a statement saying that it was 
reaffirming its 1998 guidelines, as in their opinion, 
the scientific literature published since that time 
“has provided no evidence of any adverse effects be-
low the basic restrictions and does not necessitate an 
immediate revision of its guidance on limiting ex-
posure to high frequency electromagnetic fields (2). 
ICNIRP continues to the present day to make these 
assertions, in spite of growing scientific evidence to 
the contrary. It is our opinion that, because the IC-
NIRP guidelines do not cover long-term exposure 
and low-intensity effects, they are insufficient to 
protect public health. 

The WHO adopted the International Agency for 
Research on Cancer (IARC) classification of extreme-

ly low frequency electromagnetic field (ELF EMF) 
in 2002 (3) and radiofrequency radiation (RFR) in 
2011 (4). This classification states that EMF is a pos-
sible human carcinogen (Group 2B). Despite both IARC 
findings, the WHO continues to maintain that there 
is insufficient evidence to justify lowering these quan-
titative exposure limits.

Since there is controversy about a rationale for 
setting standards to avoid adverse health effects, we 
recommend that the United Nations Environmental 
Programme  (UNEP) convene and fund an indepen-
dent multidisciplinary committee to explore the pros 
and cons of alternatives to current practices that could 
substantially lower human exposures to RF and ELF 
fields. The deliberations of this group should be con-
ducted in a transparent and impartial way. Although 
it is essential that industry be involved and cooperate 
in this process, industry should not be allowed to bias 
its processes or conclusions. This group should provide 
their analysis to the UN and the WHO to guide pre-
cautionary action.

Collectively we also request that:

1.  children and pregnant women be protected; 
2.  guidelines and regulatory standards be strength-

ened;
3.  manufacturers be encouraged to develop safer 

technology;
4.  utilities responsible for the generation, trans-

mission, distribution, and monitoring of elec-
tricity maintain adequate power quality and 
ensure proper electrical wiring to minimize 
harmful ground current; 

5.  the public be fully informed about the potential 
health risks from electromagnetic energy and 
taught harm reduction strategies; 

6.  medical professionals be educated about the 
biological effects of electromagnetic energy and 
be provided training on treatment of patients 
with electromagnetic sensitivity; 

7.  governments fund training and research on 
electromagnetic fields and health that is inde-
pendent of industry and mandate industry co-
operation with researchers; 
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Bioelectromagnetics 18:455–461 (1997)

RF Radiation–Induced Changes in the
Prenatal Development of Mice

Ioannis N. Magras1* and Thomas D. Xenos2

1Department of Anatomy, Histology, and Embryology, School of Veterinary Medicine,
Aristotle University of Thessaloniki, Thessalonike, Greece

2Department of Telecommunications, School of Electrical Engineering and Computer
Engineering, Aristotle University of Thessaloniki, Thessaloniki, Greece

The possible effects of radiofrequency (RF) radiation on prenatal development has been investigated
in mice. This study consisted of RF level measurements and in vivo experiments at several places
around an ‘‘antenna park.’’ At these locations RF power densities between 168 nW/cm2 and
1053 nW/cm2 were measured. Twelve pairs of mice, divided in two groups, were placed in locations
of different power densities and were repeatedly mated five times. One hundred eighteen newborns
were collected. They were measured, weighed, and examined macro- and microscopically. A progres-
sive decrease in the number of newborns per dam was observed, which ended in irreversible infertility.
The prenatal development of the newborns, however, evaluated by the crown-rump length, the body
weight, and the number of the lumbar, sacral, and coccygeal vertebrae, was improved. Bioelectromag-
netics 18:455–461, 1997. q 1997 Wiley-Liss, Inc.

Key words: RF radiation effects; prenatal development; mice development

Five years ago the ‘‘antenna-park of Thessalo- controlled laboratory conditions, might add a certain
amount of uncertainty; therefore, these experimentsniki’’ progressively developed on the top of the nearby

mountain Chortiatis, 1.5 km away from a small village should be considered preliminary.
of the same name. Today, almost 100 commercial TV
and FM-radio broadcasting transmitters in the VHF

MATERIALS AND METHODSand the UHF bands are situated there. The antennas
are installed on towers well visible from a large part We used a total of 36 mice (18 females and 18
of the village. Living so close to the antennae and the males), 2 months old and sexually mature (BALB/c/f
vast amount of RF power they transmit, which is of the breed colony). Breeding colony virgin males and fe-
order of 300 kW, the people of the village Chortiatis, males were obtained from the ‘‘Theageneion Antican-
anxious for their health, encouraged the author to un- cer Institute of Thessaloniki.’’ The use of these experi-
dertake a research program. mental animals was approved by the Veterinary Service

The hypothesis that RF radiation may adversely of the Municipality of Thessaloniki, according to the
affect the health of the animal organism is still under provisions of the laws 1197/81 and 2015/92 and the
consideration in public and scientific forums. One of Presidential Decree 160/91 of the Greek Democracy.
the critical issues seems to be the RF effects on the Upon arrival, all experimental animals were quaran-
reproductive process [Chernoff et al., 1992]. Numerous tined for 2 weeks to discover and to allow them to
studies dealing with this subject ended up with seem- acclimatise the mountain environment, an altitude
ingly contradictory results. Therefore, an ‘‘in vivo’’ ranging between 570 (position h) and 730 m (position
study on experimental animals sensitive to RF radia- d) above sea level. All the mice were healthy at the
tion, was chosen. Based on the relevant literature, this end of this period and showed no signs of illness during
research investigated RF radiation effects on the repro-
ductive system, particularly on prenatal development.
The mouse was selected as the experimental animal, *Correspondence to: Ioannis N. Magras, Department of Anatomy, His-

tology, and Embryology, School of Veterinary Medicine, Aristotle Uni-because it is easily manipulated in the environment in
versity of Thessaloniki, 540-06 Thessaloniki, Greece.which the experiments had to take place. Of course,

experimenting at the mountain sites, far from the easily Received for review 9 June 1996; revision received 30 January 1997

q 1997 Wiley-Liss, Inc.
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The human skin as a sub-THz receiver – Does 5G pose a danger to it or not?
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A R T I C L E I N F O

Keywords:
5G
Helical antenna
Human skin, Sub-Terahertz (sub-THz)
Specific Absorption Rate (SAR)
Sweat duct

A B S T R A C T

In the interaction of microwave radiation and human beings, the skin is traditionally considered as just an
absorbing sponge stratum filled with water. In previous works, we showed that this view is flawed when we
demonstrated that the coiled portion of the sweat duct in upper skin layer is regarded as a helical antenna in the
sub-THz band. Experimentally we showed that the reflectance of the human skin in the sub-THz region depends
on the intensity of perspiration, i.e. sweat duct's conductivity, and correlates with levels of human stress
(physical, mental and emotional). Later on, we detected circular dichroism in the reflectance from the skin, a
signature of the axial mode of a helical antenna. The full ramifications of what these findings represent in the
human condition are still unclear. We also revealed correlation of electrocardiography (ECG) parameters to the
sub-THz reflection coefficient of human skin. In a recent work, we developed a unique simulation tool of human
skin, taking into account the skin multi-layer structure together with the helical segment of the sweat duct
embedded in it. The presence of the sweat duct led to a high specific absorption rate (SAR) of the skin in
extremely high frequency band. In this paper, we summarize the physical evidence for this phenomenon and
consider its implication for the future exploitation of the electromagnetic spectrum by wireless communication.
Starting from July 2016 the US Federal Communications Commission (FCC) has adopted new rules for wireless
broadband operations above 24 GHz (5 G). This trend of exploitation is predicted to expand to higher frequencies
in the sub-THz region. One must consider the implications of human immersion in the electromagnetic noise,
caused by devices working at the very same frequencies as those, to which the sweat duct (as a helical antenna)
is most attuned. We are raising a warning flag against the unrestricted use of sub-THz technologies for com-
munication, before the possible consequences for public health are explored.

1. Introduction

The world is galloping towards a bright new future, or at least so
industry would like us to think. The advent of 5 G promises unforetold
connectivity and unparalleled integration with the virtual world
(Agiwal et al., 2016). Technology will interact with almost every aspect
of our daily lives (Boccardi et al., 2014), as well as expose us to rich and
varied data streaming on our cellular and Wi-Fi devices. While all of
this may be true it comes with a price tag. To afford such heavy data
traffic we must accept an expansion in data channels (Ben Ishai et al.,
2016), something that is not possible in the currently used frequency
channels, and an attendant explosion in base stations (Ge et al., 2016).
This is the rational to move to 5 G, a FCC standard, which will start at
28 GHz (FCC Report 16–89), soon utilize frequencies up to 60 GHz and
may eventually reach the sub - Terahertz range (FCC 50–50 Report).

Industry has assumed that there will be no health risks from this
advance (T. Wu et al., 2015a, 2015b) and consequently it has based its

planning on the recommendations of the International Commission on
Non-Ionizing Radiation Protection (ICNIRP), published in 1998
(Guidelines for limiting exposure to time-varying electric, magnetic,
and electromagnetic fields (up to 300 GHz). International Commission
on Non-Ionizing Radiation Protection,” 1998). This recommendation
limits exposure in the 5 G range to a power density of 10W/m2 for the
general public and to 50W/m2 for occupational exposure (“Guidelines
for limiting exposure to time-varying electric, magnetic, and electro-
magnetic fields (up to 300 GHz). International Commission on Non-
Ionizing Radiation Protection,” 1998).

However, in recent years concerns have surfaced about possible
non-thermal biological effects, and ensuing health issues, arising from
cellular electromagnetic radiation (Adams et al., 2014; Blank and
Goodman, 2009; Darbandi et al., 2017; Hardell and Sage, 2008; Liu
et al., 2013; Panagopoulos, 2017; Sage and Carpenter, 2009; Terzi
et al., 2016). These should raise a red flag for the implementation of the
5 G standard. One reason being that the modality of our interaction

https://doi.org/10.1016/j.envres.2018.01.032
Received 2 September 2017; Received in revised form 18 December 2017; Accepted 23 January 2018

⁎ Corresponding author.
E-mail address: yurif@mail.huji.ac.il (Y. Feldman).
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Abstract 

Significant concern has been raised about possible health effects from exposure to 

radiofrequency (RF) electromagnetic fields, especially after the rapid introduction of 

mobile telecommunications systems. Parents are especially concerned with the 

possibility that children might develop cancer after exposure to the RF emissions 

from mobile telephone base stations erected in or near schools. The few 

epidemiologic studies that did report on cancer incidence in relation to RF radiation 

have generally presented negative or inconsistent results, and thus emphasize the 

need for more studies that should investigate cohorts with high RF exposure for 

changes in cancer incidence. The aim of this study is to investigate whether there is 

an increased cancer incidence in populations, living in a small area, and exposed to 

RF radiation from a cell-phone transmitter station. 

This is an epidemiologic assessment, to determine whether the incidence of cancer 

cases among individuals exposed to a cell-phone transmitter station is different from 

that expected in Israel, in Netanya, or as compared to people who lived in a nearby 

area. Participants are people (n=622) living in the area near a cell-phone transmitter 

station for 3-7 years who were patients of one health clinic (of DW). The exposure 

began 1 year before the start of the study when the station first came into service. A 

second cohort of individuals (n=1222) who get their medical services in a clinic 

located nearby with very closely matched, environment, workplace and occupational 

characteristics was used for comparison. 

In the area of exposure (area A) eight cases of different kinds of cancer were 

diagnosed in a period of only one year. This rate of cancers was compared both with 

the rate of 31 cases per 10,000 per year in the general population and the 2/1222 rate 

recorded in the nearby clinic (area B). Relative cancer rates for females were 10.5 for 

area A, 0.6 for area B and 1 for the whole town of Netanya. Cancer incidence of 

women in area A was thus significantly higher (p<0.0001) compared with that of area 

B and the whole city. A comparison of the relative risk revealed that there were 4.15 

times more cases in area A than in the entire population. 

The study indicates an association between increased incidence of cancer and living 

in proximity to a cell-phone transmitter station.



 
 

 
 

September 08, 2017 
 
The Honorable Jerry Brown 
Governor, State of California 
c/o State Capitol, Suite 1173 
Sacramento, CA 95814  
 
RE: SB 649 (Hueso) – Small Cell Wireless Facilities  

Honorable Governor Brown,   

I have recently learned of proposed Bill SB 649 regarding the streamlining of small cell wireless 
facilities.  

As a member of the Physics department of Ariel University, and before that the Hebrew University of 
Jerusalem, I have studied the subtle effects of electromagnetic radiation on biology and biological 
materials. I have published more than 50 articles in the field of Dielectrics (the study of the interaction 
of materials with radio waves), including many on the interaction of cellular frequencies with biological 
materials such as proteins and blood. My last article investigated the interaction of 5G electromagnetic 
radiation with human skin.1 One could argue that I have a certain amount of expertise. 

In light of our work and a growing number of publications showing the frequency range of 5G can have 
serious biological effects, we believe that current efforts to accelerate the implementation of 5G should 
be delayed until additional studies are made to assess the critical impact on human health.  

It is not for me to lecture to elected officials on how cities should develop technologically, nor is it for 
me to try and stop the juggernaut that is the cellular industry. However, I would like to point out to you 
important information on the possible public health implications of the explosion in unregulated cellular 
phone and wireless device use. 

The term “health” has never featured too heavily in the lexicon of the Cellular Industry. It has been 
assumed, conveniently, that any possible effects on the human anatomy from the use of cell phones 
would be only mild heating. And that this is something that the body could easily deal with. As a 
consequence, the governing safety limits were set in 1998 by the International Commission on Non-
Ionizing Radiation Protection (ICNIRP) based on the premise that if radiofrequency radiation limits 
protected human tissue from overheating, then the public was adequately protected. They considered 
that the effect to humans would at most cause the agitation of water inside cellular tissues that would 
dissipate as heat, similar to what a microwave oven does, but at far lower energies.  

The trouble is that our knowledge has progressed in the last 19 years and we now understand that the 
interaction of microwave energy and our tissues is far more subtle. There is increasing evidence of non-
thermal biological consequences arising from our interaction with cellular phone radiation. A few 
examples; in 2014 a team from the University of Exeter, UK published a report linking the effect of 

                                                           
1 Betzalel, Noa, Yuri Feldman and Paul Ben Ishai. “The Modeling of the Absorbance of Sub-THz Radiation by Human Skin.” IEEE 
Transactions on Terahertz Science and Technology PP.99 (2017): 1-9. doi: 10.1109/TTHZ.2017.2736345.  



 
 

 
 

cellular phones on declining sperm quality.2 They based their research on over 1492 subjects from 
around the world. In 2009, Columbia University showed that radio frequencies were leading to stress 
in living cells.3 This in turn seriously affects their ability to perform, as particular cellular pathways 
were disrupted. Further evidence along this direction was provided by a group from the University of 
Rennes.4 I can add plenty more examples, but I think that it is summed up by a recent public 
announcement. Advisors to the World Health Organization International Agency for Research on 
Cancer (WHO/IARC), themselves well versed in radio frequencies and in cancer, have publicly stated 
that evidence has been met to classify cellular radiation as meeting scientific criteria for a Group 1 
carcinogenic agent to humans.5,6 

As I said above, it is not my job and neither is it realistic for me to stop the placing of thousands of 
antennas throughout your state. But it is my job to point out the health hazard to you before you make 
such a momentous decision.  

Yours sincerely 

 
Dr. Paul Ben Ishai 
Department of Physics 
Ariel University 
 
 
 
CC 
Tom Dyer, Chief Deputy Legislative Affairs Secretary  
 
 
 
 
 

                                                           
2 Adams, J.A., et al. “Effect of mobile telephones on sperm quality: a systematic review and meta-analysis.” Environment International 70 
(2014): 106-12. doi: 10.1016/j.envint.2014.04.015. 
3 Blank, M. and R. Goodman. “Electromagnetic fields stress living cells.” Pathophysiology 16.2-3 (2009): 71-8. doi: 
10.1016/j.pathophys.2009.01.006. 
4 Habauzit, Denis, et al. "Transcriptome analysis reveals the contribution of thermal and the specific effects in cellular response to millimeter 
wave exposure." PloS One 9.10 (2014): e109435.  

doi: 10.1371/journal.pone.0109435 
5 “Cancer Expert Declares Cell Phone and Wireless Radiation As Carcinogenic to Humans.” Environmental Health Trust (2017). 
https://ehtrust.org/cancer-expert-declares-cell-phone-wireless-radiation-carcinogenic-humans/ 
6 Carlberg, Michael and Lennart Hardell. “Evaluation of Mobile Phone and Cordless Phone Use and Glioma Risk Using the Bradford Hill 
Viewpoints from 1965 on Association or Causation.” BioMed Research International 2017 (2017): 9218486. doi: 10.1155/2017/9218486. 
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Abstract

Diverse biological responses, including adverse health effects, to non-thermal
(NT) microwaves (MW) have been described by many research groups all over
the world. The aim of this paper is to provide an overview of the complex
dependence of these effects on various physical and biological parameters, which
must be controlled in replication studies.
Besides well-known dependencies on carrier frequency and modulation,
emerging data suggest dependencies of NT MW effects on polarization, inter-
mittence and coherence time of exposure, static magnetic field, electromagnetic
stray fields, genotype, gender, physiological and individual traits, cell density
during exposure. Data also indicate that duration of exposure may be as impor-
tant as power density (PD) and specific absorption rate (SAR). Further evalua-
tion of these dependencies are needed for understanding the mechanisms by
which NT MW affect biological systems, planning in vivo and epidemiological
studies, developing medical treatments, setting safety standards, and minimizing
the adverse effects of MW from mobile communication.

Key words: non-thermal effects of microwaves, mobile (cellular) phones, safety
standards.

List of abbreviations:
Anomalous viscosity time dependence (AVTD); blood-brain barrier (BBB); catalase (CAT); Digital
Enhanced (former European) Cordless Telecommunications (DECT); circularly polarized (CP); contin-
uous wave (CW); Digital Advanced Mobile Phone System (DAMPS); discontinuous transmission
(DTX); electroencephalographic (EEG); electromagnetic field (EMF); embryonic stem (ES) cells;
ethidium bromide (EtBr); extremely low frequency (ELF); Gaussian Minimum Shift Keying (GMSK);
Ginkgo biloba (Gb); Global System for Mobile Communication (GSM); glutathione peroxidase (GSH-
Px); International Commission for Non-Ionizing Radiation Protection (ICNIRP); linearly polarized
(LP); malondialdehyde (MDA); micronucleus (MN) assay; microwaves (MWs); N-acetyl-beta-d-
glucosaminidase (NAG); nitric oxide (NO); non-thermal (NT); ornithine decarboxylase (ODC); phorbol
ester 12-myristate 13-acetate (PMA); phosphorylated H2AX histone (γ-H2AX); power density (PD);
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S12-01
Two-year oncogenicity evaluations of cell
phone radiofrequency radiation in
Sprague-Dawley rats and B6C3F1 mice

David McCormick

IIT Research Institute, Chicago, IL, United States

Epidemiology data concerning possible health effects of exposure
to radiofrequency fields (RF) are conflicting. For this reason, well-
designed and controlled studies in predictive laboratory animal
models provide the best prospective opportunity to identify effects
of RF exposure that may translate into human health hazards. The
U.S. National Toxicology Program supported a program in our labo-
ratory to identify and characterize effects of acute, subchronic, and
chronic exposure to non-thermal levels of RF in Sprague-Dawley
rats and B6C3F1 mice. Five-day pilot studies were performed to
identify the maximum Specific Absorption Ratios (SARs) to which
juvenile, adult, and pregnant rodents can be exposed without
increasing body temperature by >1.0 ◦C. Subsequent subchronic
(ten-week) toxicity studies failed to identify any toxicologically
significant effects of non-thermal RF on survival, body weight,
clinical signs, hematology, or gross or microscopic pathology.
Two-year studies were performed to determine if exposure to
non-thermal levels of RF increases the incidence of neoplasia
in any site. Male rats exposed to RF demonstrated significantly
increased incidences of glioma (brain) and schwannoma (heart);
these increases were not seen in female rats or in either sex of
mice. Gliomas and schwannomas have been identified in some
epidemiology studies as possible RF-induced neoplasms. Consid-
ering (a) the conflicting results of RF epidemiology studies and (b)
the lack of generally accepted biophysical or molecular mecha-
nisms through which RF could induce or promote neoplasia, data
from animal bioassays will play a central role in “weight-of-the-
evidence” assessments of the possible health effects of RF exposure.

Supported by HHSN29120055544.

http://dx.doi.org/10.1016/j.toxlet.2017.07.075

S12-02
Effects of extremely low frequency (ELF) and
radio-frequency (RF) on melatonin and cortisol,
two markers of the circadian rhythms

Brahim Selmaoui

Department of Toxicology, Institut National de l’Environnement
Industriel et des Risques (INERIS), Verneuil en Halatte, France

Electromagnetic field (EMF) has becoming an integral part of our
everyday life. It is a consequence of our intensive use of electric-
ity and/or emerging technologies in mobile telecommunications.
This exposure to EMF has raised questions about possible effects of
the EMF on human health. It has become the object of debate and
a public health concern. This has resulted in the classification of
extremely low frequency (ELF)- and radiofrequency (RF)-EMF into
category 2B, i.e., agents that are “possibly carcinogenic to humans”
by the International Agency for Research on Cancer.

It is known that cancer and neurobehavioral alterations may be
associated with circadian rhythm disruption and/or effect on mela-
tonin secretion. In addition, some Individuals living or working in
an environmental exposed to EMF complain of a variety of adverse
health effects. Troubled sleep and headache remain a recurrent and
common symptom reported. So it is interesting to look at the EMF
effect exposure on the circadian system.

Since both melatonin and cortisol are major markers of the cir-
cadian system, we reviewed data from the literature on these two
marker rhythms, in search of deleterious effects of EMF on both
their blood levels and abnormalities in their circadian profiles (a
phase-advance or a phase-delay) which would point out a rhythm
desynchronization of the organism. Overall, to date no consistent
evidence of the effect of exposure to RF on cortisol and melatonin.
However, contradictory data are reported on ELF-EMF.

http://dx.doi.org/10.1016/j.toxlet.2017.07.076

0378-4274/
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Wi-Fi is an important threat to human health☆

Martin L. Pall
Washington State University, 638 NE 41st Avenue, Portland, OR 97232-3312, USA

A R T I C L E I N F O

Keywords:
Electromagnetic field (EMF)
Brain impact
Testis/sperm count and quality
Impact of pulsation and polarization
Activation of voltage-gated calcium channels
Wi-Fi or WiFi

A B S T R A C T

Repeated Wi-Fi studies show that Wi-Fi causes oxidative stress, sperm/testicular damage, neuropsychiatric ef-
fects including EEG changes, apoptosis, cellular DNA damage, endocrine changes, and calcium overload. Each of
these effects are also caused by exposures to other microwave frequency EMFs, with each such effect being
documented in from 10 to 16 reviews. Therefore, each of these seven EMF effects are established effects of Wi-Fi
and of other microwave frequency EMFs. Each of these seven is also produced by downstream effects of the main
action of such EMFs, voltage-gated calcium channel (VGCC) activation. While VGCC activation via EMF inter-
action with the VGCC voltage sensor seems to be the predominant mechanism of action of EMFs, other me-
chanisms appear to have minor roles. Minor roles include activation of other voltage-gated ion channels, calcium
cyclotron resonance and the geomagnetic magnetoreception mechanism. Five properties of non-thermal EMF
effects are discussed. These are that pulsed EMFs are, in most cases, more active than are non-pulsed EMFs;
artificial EMFs are polarized and such polarized EMFs are much more active than non-polarized EMFs; dose-
response curves are non-linear and non-monotone; EMF effects are often cumulative; and EMFs may impact
young people more than adults. These general findings and data presented earlier on Wi-Fi effects were used to
assess the Foster and Moulder (F&M) review of Wi-Fi. The F&M study claimed that there were seven important
studies of Wi-Fi that each showed no effect. However, none of these were Wi-Fi studies, with each differing from
genuine Wi-Fi in three distinct ways. F&M could, at most conclude that there was no statistically significant
evidence of an effect. The tiny numbers studied in each of these seven F&M-linked studies show that each of
them lack power to make any substantive conclusions. In conclusion, there are seven repeatedly found Wi-Fi
effects which have also been shown to be caused by other similar EMF exposures. Each of the seven should be
considered, therefore, as established effects of Wi-Fi.

1. Introduction

Wi-Fi (also known as WiFi or WLAN) is a wireless network involving
at least one Wi-Fi antenna connected to the internet and a series of
computers, laptops and/or other wireless devices communicating
wirelessly with the Wi-Fi antenna. In this way, each such wireless
communication device can communicate wirelessly with the internet.
All the studies reviewed here were of Wi-Fi using the 2.4 GHz band,
although there is also a 5 GHz band reserved for possible Wi-Fi use.

Telecommunications industry-linked individuals and groups have
claimed that there are no and cannot possibly be any health impacts of
Wi-Fi (Foster and Moulder, 2013; Berezow and Bloom, 2017). However
with Wi-Fi exposures becoming more and more common and with many
of our exposures being without our consent, there is much concern
about possible Wi-Fi health effects. This paper is not focused on anec-
dotal reports but rather on 23 controlled, scientific studies of such
health-related effects in animals, cells including human cells in culture

and in human beings (Table 1).
Each of the effects reported above in from 2 to 11 studies, have an

extensive literature for their occurrence in response to various other
non-thermal microwave frequency EMFs, discussed in detail below.
These include (see Table 1) findings that Wi-Fi exposures produce im-
pacts on the testis leading to lowered male fertility; oxidative stress;
apoptosis (a process that has an important causal role in neurodegen-
erative disease); cellular DNA damage (a process causing cancer and
germ line mutations); neuropsychiatric changes including EEG changes;
hormonal changes.

The discussion here focuses on those Wi-Fi effects which have been
found by multiple Wi-Fi studies and have been previously confirmed by
non-thermal exposures to other microwave frequency EMFs. The 1971/
72 U.S. Office of Naval Medical Research study (Glaser, 1971) reported
the following changes related to testis or sperm: 1. Decreased testos-
terone leading to lowered testis size. 2. Histological changes in testi-
cular epithelial structure. 3. Gross testicular histological changes. 4.

https://doi.org/10.1016/j.envres.2018.01.035
Received 22 September 2017; Received in revised form 20 January 2018; Accepted 23 January 2018

☆ For submission to the Wireless Radiation and Health special issue of the journal Environmental Research.
E-mail address: martin_pall@wsu.edu.
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June 26, 2017 
 
 
The Honorable Cecilia Agular-Curry, Chair 
Assembly Local Gov’t Commission 
Room 157, 1020 N Street 
Sacramento, CA 95814 
 
RE:  SB 649 (Hueso) – Small Cell Wireless Facilities - -OPPOSE 
 
Dear Chair Agular-Curry: 
 
Environmental Working Group (EWG) opposes SB 649 by Senator Hueso.  This bill would make the 
installation of small cell wireless facilities, such as those used to facilitate 5G networks, ministerial 
rather than discretionary at the local government level.  
 
The health impacts of cellular transmissions have been debated more and more passionately the last ten 
years because there are studies that raise real concerns about the effects of radio frequency (RF) energy 
or radiation on humans.  This is why EWG sponsored two bills by former Senator Leno (SB 1212 in 
2010 and SB 932 in 2011) that would have required sellers of cell phones to inform consumers that 
minimizing exposure to cell phone radiation is prudent and in fact recommended by cell phone 
manufacturers in their included manuals. 
 
Studies on the health impacts of cell phones and their transmission infrastructure are continuing.  As 
new information becomes available, local government ought to be able to use it to help guide their 
decision-making, including locational issues such as proximity to homes, school, and hospitals.  EWG 
believes that allowing cities and counties to weigh the potential impacts of transmission networks 
before permits are issued for their construction is essential and SB 649 would prevent them from doing 
so.  And, if more definitive health concerns arise, state law would have to be changed in order to give 
local governments the flexiblity to do their due diligence. 
 
For these reasons, we must oppose SB 649 and urge a “no” vote in the Local Government Committee. 
 
Sincerely, 

  
Bill Allayaud 
California Director of Government Affairs 
Environmental Working Group 
 
 
 
cc:  Senator Hueso 
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SB 649 Would Eliminate the Ability of Communities to Promote their Interests and 
Priorities. 

It is important to remember that the rights-of-way that providers use to build out their 
networks are owned by communities and managed by municipalities.1  Currently, if a phone 
or broadband provider wants access to a local community’s right-of-way, it can negotiate with 
that community for a franchise, paying fair-market value for that access.  Additionally, 
communities can currently negotiate with providers to advance community priorities and 
interests in exchange for access to community-owned rights of way.  For example, if a provider 
seeks access to build out its network in a high-income area, a community could grant access to 
that in exchange for that providers’ providing high-speed broadband to anchor institutions in 
lower-income areas.  SB 649 would eliminate communities’ ability to manage their rights-of-
way, unduly interfering with those communities’ right to self-determination.    

SB 649 Would Allow Providers to Use Community-Owned Property without Paying Just 
Compensation. 

Phone and broadband providers already reap windfall profits from Californians.  SB 649 limits 
communities to charging set prices and fees for access to their rights-of-way.  These artificial 
restrictions distort the market and force consumers to subsidize providers’ costs.  SB 649 
prevents communities from getting full market value in exchange for access to rights-of-way.  
Accordingly, SB 649 increases the power of providers to extract profits from local communities 
that already face monopoly or near-monopoly prices. 

 
Greenlining supports any legislative measure that increases the availability of advanced 
communications services to communities of color.  Unfortunately, SB 649 is not such a 
measure.  The bill promises to widen the digital divide, place control over community-owned 
property in the hands of providers, and fail to compensate communities fairly.  Accordingly, 
Greenlining OPPOSES SB 649. 
 
If you have any questions, please do not hesitate to contact me. 
 
Sincerely, 
 

 
 
Stephanie Chen 
Energy & Telecommunications Policy Director 
 
 

                                                        
1 Frederick E. Ellrodd III & Nicholas P. Miller, Property Rights, Federalism, and Public Rights-of-Way (2003) 
26 Seattle Univ. Law. Rev. 475, 477. 



Alliance	of	Nurses	for							
Healthy	Environments	

� 	

June 26, 2017

The Honorable Cecilia Agular-Curry, 
Chair Assembly Local Gov’t Commission 
Room 157, 1020 N Street Sacramento, 
CA 95814 

RE: SB 649 (Hueso) – Small Cell Wireless Facilities - - OPPOSE 

Dear Chair Agular-Curry: 

I am a Professor of Public Health at the University of San Francisco and a Board Member of the national 
Alliance of Nurses for Healthy Environments.   I am very concerned about moving forward with expanding 
the use of small-scale wireless technologies at the same time that there is mounting evidence of the 
potential for health risks from the associated radio frequency energy and radiation, particularly to children.    
The Alliance of Nurses for Healthy Environments ascribes to the precautionary principle as it applies to 
human health.   We firmly believe that early warnings in the scientific literature should be heeded and that 
our policy development should reflect the synthesis of the best and latest scientific evidence.    

At this point in time, we oppose SB 649 and believe that we need an exhaustive review of the science 
before we allow significant expansion of small cell wireless facilities, such as those to facilitate 5G 
networks.   The results of the literature review should inform our policies. We must be sure that vulnerable 
populations such as pregnant women and young children will not be unduly harmed from their proximity to 
unnecessary radio frequency energy.   It is important that we continue to examine what constitutes a safe 
distance and how we can continue to pivot when more information becomes available.   We are concerned 
that the passage of SB 649 will entrench us in a policy for which we have insufficient assurances and 
which, if passed, will require the burden of effort to reverse.

For these reasons, we oppose SB 649 and urge a “no” vote in the Local Government Committee.

Thank you for considering our concerns.

Sincerely,

Barbara Sattler, RN, MPH, DrPH, FAAN
Board Member



 
 

August	15,	2017	

	

The	Honorable	Cecilia	Aguiar-Curry	 	 	 	 	 	 	 	 					
Chair,	Assembly	Local	Government	Committee	 	 	 	 	 	 	 							
State	Capitol	Building,	Room	5144	 	 	 	 	 	 	 							
Sacramento,	CA	95814	

SB	649	(Hueso)-	Wireless	Telecommunications	Facilities-	OPPOSE	

Chair	Aguiar-Curry,	

On	behalf	of	the	undersigned,	we	write	to	register	our	opposition	to	SB	649	(Hueso)	which	would	
prohibit	local	discretionary	review	of	“small	cell”	wireless	antennas	,	including	equipment	collocated	on	
existing	structures	or	located	on	new	“poles,	structures,	or	non-pole	structures,”	including	those	within	
the	public	right-of-way	and	buildings.	The	proposal	preempts	adopted	local	land	use	plans	by	mandating	
that	“small	cells”	be	allowed	in	all	zones	as	a	use	by-right,	including	all	residential	zones.		Because	of	
this,	this	proposal	essentially	provides	a	CEQA	exemption	for	installation	of	these	facilities,	undermining	
the	ability	for	communities	to	comment	and	register	their	concerns	associated	with	previously	
mentioned	installation.		These	“small	cell”	installations	not	only	can	cause	an	aesthetic	blight,	but	can	
release	levels	of	radiation	that	we	don’t	yet	know	conclusively	the	health	impacts	they	can	impose	of	
humans,	especially	developing	bodies	and	minds	of	children.  These	small	cell	boxes	could	pop	up	
anywhere:	grocery	stores,	outside	school,	playgrounds,	communal	places,	with	no	requirement	to	
mitigate	effects	or	understand	potential	environmental	and	health	hazards. 	

For	these	reasons,	we	urge	your	“no”	vote	in	committee.		

Thank	you,	

Jena	Price,	Legislative	Affairs	Manager	 	 	 	 	 	 	 													
California	League	of	Conservation	Voters	

Kyle	Jones,	Legislative	Associate		 	 	 	 	 	 	 	 					
Sierra	Club	California	

Jane	Williams,	Executive	Director	 	 	 	 	 	 	 	 	 	
California	Communities	Against	Toxics	
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June 28, 2017 
 
The Honorable Cecilia Aguiar-Curry 
Chair of the Local Government Committee 
1020 N Street, Room 157 
Sacramento, CA 95814 
 
RE: SB 649 (Hueso) – Small Cell Wireless Facilities — OPPOSE 
  
Dear Chair Aguiar-Curry: 
 
As a nonprofit research and policy organization dedicated to identifying and reducing environmental 
health hazards, Environmental Health Trust (EHT) writes to advise you of serious scientific grounds to 
reject SB 649 as advanced by Senator Hueso. I have personally served as an expert advisor to the 
California Department of Health as well as the San Francisco and Berkeley City governments on matters 
relevant to this bill. EHT has been honored to work with California government and scientists for over a 
decade. At the invitation of the Israel Institute for Advanced Study of the Hebrew University of 
Jerusalem, EHT recently organized and chaired an ​Expert Forum on Wireless Radiation and Health​, 
bringing together scientists and engineers from more than ten high tech nations. Reflecting these efforts, 
EHT provides independent scientific research and advice on avoidable environmental health hazards to 
local, state and national governments.  
 
SB 649 will pave the way for widespread introduction of 5G microwave wireless radiation frequency 
(RF) that has never been tested for its impact of public health or the environment. Other RF microwave 
radiation such as that used by cellphones and other wireless devices has been ​classified as a ‘possible 
carcinogen’​ by the International Agency for Research on Cancer in 2011 and more recently dubbed a 
‘probable carcinogen,’​ by expert researchers looking at newer information in 2015. , ,  In addition, this 1 2 3

bill could result in the loss of hundreds of millions of dollars in local revenue, as the ​San Francisco 
Chronicle noted​ today.  
 
By ignoring growing scientific evidence of harm, the bill effectively will ensure the widespread exposures 
of millions of Californians to an agent that growing numbers of scientists and nations consider a serious 

1 World Health Organization. ​“IARC classifies radiofrequency electromagnetic fields as possibly carcinogenic to 
humans,”​ WHO, Press Release, no. 208, 2011.  
2 ​ ​IARC Working Group on the Evaluation of Carcinogenic Risks to Humans. ​"Non-ionizing radiation, Part 2: 
Radiofrequency electromagnetic fields."​ ​IARC Monographs On The Evaluation of Carcinogenic Risks to Humans​, 
vol. 102, pt. 2, 2013. 
3 ​Morgan, L. Lloyd, et al. ​"Mobile phone radiation causes brain tumors and should be classified as a probable human 
carcinogen (2A)."​ ​International Journal of Oncology,​ vol. 46, no. 5, 2015, 1865-71. 



health threat. Recently, studies have found that the frequencies which will be used in 5G and other future 
technologies can have harmful effects , as Dr. Cindy Russell, Vice President of Community Health for the 4

Santa Clara Medical Association noted.  As articulated in their state Constitution, California cities and 5

counties have a duty to protect the health and safety of their residents.  
 
EHT has a longstanding history of research and policy advice to state, local and national governments 
regarding strategies to reduce disease and promote health by avoiding environmental health hazards. Our 
organization opposes the broad scale installation of untested wireless antennas and associated electrical 
equipment close to humans and through critical wildlife habitat and corridors. Both federal and local 
zoning controls are needed to assure that cellular equipment are installed to avoid significant and serious 
safety threats of electrical shock, fire, and radio frequency (RF) microwave radiation exposures, as well as 
chronic impacts on public health and the environment.  
 
Consistent with public health concepts of preventing harm by reducing exposure to suspected 
carcinogens, EHT opposes the usurpation and preemption of local authority that will allow federal and 
state authorities to place what state reports of the bill indicate can be thirty thousand new radiating 5G cell 
antennas on city and county utility, light poles, and other right of ways in close proximity to city and 
county workers, children, residents and visitors. In some cases towers will need to be sited every 100 feet 
with antennas at a height of 30 feet or less. Local authority and duty should not be overridden by 
preemptive federal or state policies such as SB 649 which disregards scientific evidence on this matter as 
outlined below. 
 
Regarding potential health risks from RF a number of corporations advise their shareholders that they face 
serious risks from RF. For instance, Crown Castle’s ​2016 10-K ANNUAL REPORT​, states that,  

“If radio frequency emissions from wireless handsets or equipment on our wireless infrastructure 
are demonstrated to cause negative health effects, potential future claims could adversely affect 
our operations, costs or revenues. The potential connection between radio frequency emissions 
and certain negative health effects, including some forms of cancer, has been the subject of 
substantial study by the scientific community in recent years. We cannot guarantee that claims 
relating to radio frequency emissions will not arise in the future or that the results of such studies 
will not be adverse to us...If a connection between radio frequency emissions and possible 
negative health effects were established, our operations, costs, or revenues may be materially and 
adversely affected. We currently do not maintain any significant insurance with respect to these 
matters.”  

Most wireless companies from ​AT&T​ to ​Nokia​ to ​T Mobile​ to ​Verizon Wireless​ have issued ​similar 
warnings​ to their shareholders.  
 
Regarding public health impacts, recently released research findings from the premiere test program of 
the National Institute of Environmental Health Sciences (NIEHS) add to the body of scientific evidence 

4 Feldman, Yuri, et al. ​“Human Skin as Arrays of Helical Antennas in the Millimeter and Submillimeter Wave 
Range.” ​Physical Review Letters​, vol. 100, no. 128102, 2008.  
5 Russell, Cindy. ​“A 5G Wireless Future: Will it give us a Smart Nation or Contribute to an Unhealthy One?”​ Santa 
Clara Bulletin, Jan./Feb. 2017.  



indicating that RF microwave radiation can be harmful. The 10 year $25 million NIEHS National 
Toxicology Program’s ​Studies of the Toxicology and Carcinogenicity Cell Phone Radiation​ reports that 
RF produced increases rates of highly malignant very rare tumors: gliomas of the brain and schwannomas 
of the heart.  These experimental findings are consistent with human studies showing increased rates of 6

gliomas and acoustic neuromas (schwann cells) among humans exposed to cell phone radiation. In 
addition to increased cancers, the NTP study also reported that prenatally exposed animals produced 
offspring with lower birth weight and ​evidence of direct genetic damage.  
  
Since the 2011 WHO/IARC classification, the peer reviewed research connecting microwave exposure to 
cancer has significantly strengthened. ​In ​2015, a study​ ​replicated a 2010​ ​experiment​ ​that found that weak 
cell phone signals significantly promote the growth of tumors in mice, and that toxic chemical exposures 
combine with RF to more than double the tumor response. ,  The Ramazzini Institute is engaged in similar 7 8

research with RF that is 1000 less than the NTP exposures—set to mimic radiation exposure levels caused 
by network equipment (e.g., cell tower antenna emissions).  
 
Consistent with the ​NTP findings​, the Ramazzini Institute team ​report ​significantly lower litter weights, 
as presented at the January 2017 ​Conference on Wireless and Health​ at Israel Institute for Advanced 
Study, Hebrew University of Jerusalem.  Findings of effects at such low levels is indication of the 9

capability of low level electromagnetic radiation exposure to result in biological effects.  
 
Other studies finding serious increased risk of glioma in regular cell phone users are of special relevance. 
In 2014, a ​French national study​ linked higher cell phone exposure to increased glioma in cell phone 
users.  A newly published research ​report​ in the ​American Journal of Epidemiology​ finds that Canadians 10

who have used cell phones for 558 hours or more have more than a doubled risk of brain cancer.  11

Previous ​published re-analysis​ of the multi country Interphone study data has found stronger positive 
associations to glioma risk among long term users and heavy users and a ​statistically significant 
association between where tumors were located and how much radiation an individual received from their 
phone. ,   12 13

6 ​Wyde, Michael, et al. ​"Report of Partial findings from the National Toxicology Program Carcinogenesis Studies of 
Cell Phone Radiofrequency Radiation in Hsd: Sprague Dawley® SD rats (Whole Body Exposure)."​ ​bioRxiv,​ no. 
055699, 2016. 
7 ​Lerchl, Alexander, et al. ​"Tumor promotion by exposure to radiofrequency electromagnetic fields below exposure 
limits for humans."​ Biochemical and Biophysical Research Communications,​ vol. 459, no. 4, 2015, pp. 585-90. 
8 ​Tillmann, Thomas, et al. ​"Indication of cocarcinogenic potential of chronic UMTS-modulated radiofrequency 
exposure in an ethylnitrosourea mouse model."​ ​International Journal of Radiation Biology,​ vol. 86, no. 7, 2010, pp. 
529-41. 
9 Belpoggi, Fiorella. ​“Recent findings on wireless radiation and health from the Ramazzini Institute could reinforce 
the NTP results.”​ ​Conference on Wireless and Health​, 2017.  
10 ​Coureau, Gaëlle, et al. ​"Mobile phone use and brain tumours in the CERENAT case-control study."​ Occupational 
Environmental Medicine,​ vol. 71, no. 7, 2014, pp. 514-22. 
11 ​Momoli, F., et al. ​"Probabilistic multiple-bias modelling applied to the Canadian data from the INTERPHONE 
study of mobile phone use and risk of glioma, meningioma, acoustic neuroma, and parotid gland tumors."​ ​American 
Journal of Epidemiology​, 2017. 
12 ​Turner, Michelle C., et al. ​"Investigation of bias related to differences between case and control interview dates in 
five INTERPHONE countries."​ ​Annals of Epidemiology,​ vol. 26, 12, 2016, pp. 827-32. 



 
More recently, research carried out by physicists in Israel and others have shown that the higher 
millimeter wave frequencies to be used in 5G applications uniquely interacts with sweat ducts of the 
human skin which can then function as antennas to amplify signals. This work extends studies first 
produced in 1986.  The potential long-term impact of such stimulation on precancerous skin growths 14

should be evaluated carefully, including potential super-growth of bacteria.  A ​lecture​ by Paul Ben-Ishai, 15

PhD, and published research on this issue can be found on the ​2017 Conference website. , ,  16 17 18

 
Cancer is not the only health concern presented by wireless devices and infrastructure. Impacts on 
reproduction​ and ​brain development​ have also been repeatedly reported in the peer reviewed literature in 
addition to a myriad of other adverse effects. , , ,   19 20 21 22

 
In light of these developments showing growing evidence of the biological impact of RF, it is imperative 
that new infrastructure and 5G not be introduced widely into commerce at this time. The State of 
California needs to critically consider the potential impact of massive new and possibly carcinogenic 
wireless exposures to their population. Before introducing additional untested wireless technology into the 
environment, it is necessary to:  

● model exposures to infants, children and pregnant women; 
● conduct experimental tests on exposures’ impacts on wildlife; and 
● evaluate impacts on human systems through in vitro and in vivo toxicology 

In 2015, the ​International EMF Scientist Appeal​, now signed by over 225 scientists from 41 nations, was 
submitted to the Secretary-General of the United Nations, the Director-General of the World Health 
Organization and U.N. Member Nations urging the development of more protective guidelines for EMF 
(including RF-EMF), encouraging precautionary measures, and calling for education of the public about 

13 ​Grell, Kathrine, et al. ​"The intracranial distribution of gliomas in relation to exposure from mobile phones: 
analyses from the INTERPHONE study."​ ​American Journal of Epidemiology​, vol. 184, no. 11, 2016, pp. 818-28. 
14 ​Gandhi OP, Riazi A. “​Absorption of millimeter waves by human beings and its biological implications.”​ ​IEEE 
Transactions on Microwave Theory and Techniques​, vol. 34, no. 2, 1986, pp. 228-235. 
15 ​Soghomonyan D, K. Trchounian and A. Trchounian. ​“Millimeter waves or extremely high frequency 
electromagnetic fields in the environment: what are their effects on bacteria?”​ Applied Microbiology and 
Biotechnology, vol. 100, no. 11, 2016, pp. 4761-71. 
16 Feldman, Yuri and Paul Ben-Ishai.​ “Potential Risks to Human Health Originating from Future Sub-MM 
Communication Systems.”​ ​Conference on Wireless and Health​, 2017.  
17 ​ Hayut, Itai, Paul Ben Ishai, Aharon J. Agranat and Yuri Feldman. ​“Circular polarization induced by the 
three-dimensional chiral structure of human sweat ducts.”​ ​Physical Review E​, vol. 89, no. 042715, 2014.  
18 Feldman, Yuri, et al. ​“Human Skin as Arrays of Helical Antennas in the Millimeter and Submillimeter Wave 
Range.” ​Physical Review Letters​, vol. 100, no. 128102, 2008.  
19 ​Adams, Jessica A., et al. ​"Effect of mobile telephones on sperm quality: a systematic review and meta-analysis." 
Environment International,​ 70, 2014, pp. 106-112. 
20 ​Deshmukh, P.S., et al. ​"Cognitive impairment and neurogenotoxic effects in rats exposed to low-intensity 
microwave radiation."​ ​International Journal of Toxicology​, vol. 34, no. 3, 2015, pp. 284-90. 
21 ​Aldad, T.S., et al. ​"Fetal Radiofrequency Radiation Exposure From 800-1900 MHz-Rated Cellular Telephones 
Affects Neurodevelopment and Behavior in Mice."​ Scientific Reports,​ vol. 2, no. 312, 2012. 
22 Sonmez, O.F., et al. ​"Purkinje cell number decreases in the adult female rat cerebellum following exposure to 900 
MHz electromagnetic field."​ ​Brain Research, ​vol. 1356, 2010, pp. 95-101. 



health risks, particularly risks to children and fetal development.  Most recently, the EMF Scientists have 23

submitted ​Comments to the FCC​ asking the FCC to critically consider the potential impact of the 5th 
generation wireless infrastructure on the health and safety of the U.S. population before proceeding to 
deploy this infrastructure. 
 
California firefighters have lobbied to protect themselves and successfully received exemption on health 
grounds from the installation of these cell towers. Similarly cities and counties should be given the needed 
local controls to protect their citizens from the health and safety risks of these installations. As currently 
envisioned, transmitters can be placed in close proximity to bedrooms and schools without consideration 
of the health of their occupants. Research is critically needed to evaluate the public health and 
environmental impacts of proposed wireless facilities before deployment.  
 
Worldwide, governments are acting to minimize exposures to children as they are most vulnerable. For 
example, the Supreme Court of India upheld the High Court of the State of Rajasthan’s decision to 
remove all cell towers from the vicinity of schools, hospitals and playgrounds because of radiation 
“hazardous to life.” In Chile, the 2012 ​“Antennae Law”​ prohibits cell antennae/towers in “sensitive 
areas”.  Please learn more about international policy actions such as these in our ​online briefing​.   24 25

 
The assumption that all wireless technology is safe has been shown through recent studies to be incorrect. 
EHT strongly opposes the widespread installation of 5G antennas and towers and believes that the state 
should move forward on its commitment to support the installation of fiber optic cables buried in the 
ground to every business, home, school, and hospital in California. We urge the state not to ignore this 
evidence of harm from RF. Please vote “no” vote on SB 649 and uphold the rights of local government to 
protect public health and the environment.  
  
Sincerely, 

 
Devra Davis, PhD, MPH 

Fellow, American College of Epidemiology 
Visiting Prof. Hebrew Univ. Hadassah Medical Center & Ondokuz Mayis Univ. Medical School 
Associate Editor, ​Frontiers in Radiation and Health 
President, Environmental Health Trust 
 
 

23 ​Blank, M., et al. ​"International Appeal: Scientists call for protection from non-ionizing electromagnetic field 
exposure."​ European Journal of Oncology,​ vol. 20, no. 3/4, 2015, pp. 180-2. 
24 ​“New communications antenna law in Chile.”​ ​Communications Law: Newsletter of the International Bar 
Association Legal Practice Division​, vol. 20, no. 1, 2013, pp. 14-16.  
25 ​“International Policy Briefing: Cautionary Policy on Radiofrequency Radiation Actions by Governments, Health 
Authorities and Schools Worldwide.”​ Environmental Health Trust, 2017.  
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July 26, 2017 
 
The Honorable Ben Hueso 
Member of the California State Senate 
Room 4035, State Capitol 
Sacramento, CA 95814 
 
RE:  SB 649 (Hueso) – Small Cell Wireless Facilities - OPPOSE 
 
Dear Senator Hueso: 
 
Environmental Working Group (EWG) respectfully opposes your SB 649, which would make the 
installation of small cell wireless facilities, such as those used to facilitate 5G networks, ministerial 
rather than discretionary at the local government level.  
 
The health impacts of cellular transmissions have been debated for over ten years because there are 
studies that raise real concerns about the effects of radio frequency radiation on humans.  This is why 
EWG sponsored two bills by former Senator Leno, SB 1212 (2010) and SB 932 (2011) that would 
have required sellers of cell phones to inform consumers to minimize exposure to cell phone radiation 
by reading the manual that comes with the phone, as this is in fact recommended by cell phone 
manufacturers in their included manuals.  
 
Studies on the health impacts of cell phones and their transmission infrastructure are continuing, but 
there is already adequate existing sound science for government to proceed with caution on the roll-out 
of the new technology.  In particular, the results of the $25 million National Toxicology Program study 
(2016) that showed tumors in rats caused by a typical amount of heavy cell phone use are to be 
reckoned with.  And, most of the past science has analyzed older cellular technology like 2G and 4G, 
so we are moving into uncharted waters with 5G with its different wavelengths and energy levels.   
    
Local governments must be able to evaluate science and respond to the wishes of their citizens and 
neighborhoods before permits are issued for this technology and SB 649 short-circuits that process.  
This includes important decisions about locating the technology near homes, schools, and hospitals.  
We simply cannot rely upon the word of the FCC (in terms of safety standards) to protect the health of 
Californians.   
 
For these reasons, EWG will be urging a “no” vote for the Assembly floor.  We will be writing a 
separate letter to the Assembly Appropriations Committee on fiscal concerns. 
 
Sincerely, 

  
Bill Allayaud 
California Director of Government Affairs 
Environmental Working Group 
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Martin Pall, PhD 
August 7, 2017 
 
Dear California Legislators, 
 
I am Dr. Martin Pall, Professor Emeritus of Biochemistry and Basic Medical Sciences at 
Washington State University. I am a published and widely cited scientist on the 
biological effects of electromagnetic fields and speak internationally on this topic. I am 
particularly expert in how wireless radiation impacts the electrical systems in our bodies. 
I have published 7 studies showing there exists exquisite sensitivity to electromagnetic 
fields (EMFs) in the voltage sensor in each cell, such that the force impacting our cells at 
the voltage sensor has massive impact on the biology on the cells of our bodies [1-7]. 
These papers are discussed in over 360,000 web sites which can be easily found by 
Googling (Martin Pall electromagnetic).  I received my PhD at Caltech, one of the top 
scientific institutions in the world. 
   
EMFs act by activating channels in the membrane that surrounds each of our cells, called 
voltage-gated calcium channels (VGCCs).  The EMFs put forces on the voltage sensor 
that controls the VGCCs of about 7.2 million times greater than the forces on other 
charged groups in our cells [4,6,7].  This is why weak EMFs have such large biological 
effects on the cells of our bodies!  EMFs works this way not only on human and diverse 
animal cells [1-7] but also in plant cells [7] so that this is a universal or near universal 
mechanism of action.  
 
Thousands of published studies show biological and health effects from 
electromagnetic fields. We now know the mechanism that can explain these effects. 
The mechanism is a function of the electromagnetics of each cell—not solely about 
heating effects from the radiation (on which present FCC guidelines are based). 
 
This new understanding [1-7] means we can debunk the claims of the wireless industry 
that there cannot be a mechanism for effects produced by these weak EMFs.  The 20 
years plus of industry propaganda claims are false.  Rather the thousands of studies 
showing diverse health impacts of these EMFs can be explained.  We now have a 
mechanism, one that is supported by both the biology and the physics, both of which are 
pointing in exactly the same direction.  I am sending as a separate document a list of 134 
reviews, each of which provides from 12 to over a thousand individual citations showing 
health impacts of low intensity EMFs, EMFs that the telecommunications industry claims 
cannot have such effects.  These 134 reviews and thousands of primary scientific 
papers they cite show that the industry propaganda has no scientific support 
whatsoever. 
 
The consensus among independent scientists on this is further confirmed by the 2015 
(and later) appeal made to the United Nations and member states, stating that the current 
EMF safety guidelines are inadequate because they do not take into consideration non-
thermal effects.  This was signed by 225 scientists from 41 countries, each of whom had 
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published peer reviewed studies on EMF health effects – a total of 2,000 papers 
published in this area by the signers, a substantial fraction of the total publications in this 
area. 
 
According to industry, the forces electromagnetic fields place on electrically-
charged groups in the cell are too weak to produce biological effects. However, the 
unique structural properties of the voltage-gated calcium channel (VGCC) protein 
can, it turns out, explain why the force on a cell’s voltage sensor from low-intensity 
EMFs are millions of times stronger than are the forces on singly-charged groups 
elsewhere in the cell. 
 
It would be a disaster for the health of Californians to be exposed to the antennas 
envisioned in SB.649. The State of California would be making a grave mistake to 
proceed with supporting the commercial interests of the wireless industry with this 
legislation. Legislators would best pause to understand the gravity of the biological 
effects, and the ramifications for physical and mental health, as well as 
consequences from continual damage to human DNA, and learn the facts from 
scientists who are independent of the wireless industry, not from the industry 
lobbyists who have a gigantic conflict of interest. 
 
VGCC activation in cells produced by low intensity EMFs can explain long-reported 
findings that electromagnetic fields and a wide range of biological changes and health 
effects.  The first 6 of these (see below) were well documented 46 years ago in the U.S. 
Office of Naval Medical Research report, published in 1971 [8].  The others that follow 
have been extensively documented subsequently in the peer-reviewed scientific literature: 
1) Various neurological/neuropsychiatric effects, including changes in brain structure and 
function, changes in various types of psychological responses and changes in behavior. 
2) At least eight different endocrine (hormonal) effects. 
3) Cardiac effects influencing the electrical control of the heart, including changes in 
ECGs, producing arrhythmias, changes that can be life threatening. 
4) Chromosome breaks and other changes in chromosome structure. 
5) Histological changes in the testes. 
6) Cell death (what is now called apoptosis, a process important in neurodegenerative 
diseases). 
7) Lowered male fertility including lowered sperm quality and function and also lowered 
female fertility (less studied). 
8) Oxidative stress. 
9) Changes in calcium fluxes and calcium signaling. 
10) Cellular DNA damage including single strand breaks and double strand breaks in 
cellular DNA and also 8-OHdG in cellular DNA. 
11) Cancer which is likely to involve these DNA changes but also increased rates of 
tumor promotion-like events. 
12) Therapeutic effects including stimulation of bone growth. 
13) Cataract formation (previously thought to be thermal, now known not to be). 
14) Breakdown of the blood-brain barrier. 
15) Melatonin depletion and sleep disruption. 
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They may be low intensity but with regard to the VGCCs, electromagnetic fields  
can have a tremendously powerful impact on the cells of our bodies.  Furthermore, 
published studies showing that calcium channel blocker drugs block or greatly lower 
biological effects from electromagnetic fields confirm there is a VGCC activation 
mechanism that is causing various effects.  Higher frequency electromagnetic fields from 
5G technologies on the horizon pose even greater biological concern than those to which 
we are exposed today.  We should be moving, instead, to wired technologies at every 
opportunity, based on what we know in science today, not expanding and supporting the 
proliferation of wireless.   
 
I want to make several additional points very clear:  
 

1. The Physics and the Biology are both pointing in the same direction.  Both show 
that EMFs act primarily via activating the VGCCs in the cells of our bodies. 

2. DNA damage known to be produced by these EMFs occur in human sperm and 
may also occur in human eggs, leading to large increases in mutation in any 
children born.  It is thought that an increase in mutation frequency of 2.5 to 3-fold 
will lead to extinction because of accumulation of large numbers of damaging 
mutations.  We may already be over this level, and if so, simply continuing our 
current exposures will lead to eventual extinction.  Further increases in exposures 
will be more rapidly self-destructive. 

3. Pulsed EMFs are, in most cases, more biologically active and therefore more 
dangerous than are non-pulsed (continuous wave) EMFs.  All cordless 
communication devices communicate via pulsations, because it is the pulsations 
that carry the information communicated.  All the industry claims of safety are 
based on a theory (only thermal effects) that was known to be wrong back in 1971 
[8] – and that was before many thousands of additional studies were published 
providing massive confirmation that industry claims are false. 

4. The industry is trying to move to much higher frequencies because these much 
higher frequencies allow much higher pulsations and therefore much higher 
transmission of information.  However, these higher pulsation rates make these 
ultra-high devices vastly more dangerous.  This is part of the reasons why it is so 
important to vote down SB.649. 

5. None of our wireless communication devices are ever tested biologically for 
safety – not cell phone towers, not cell phones, not Wi-Fi, not cordless phones, 
not smart meters and certainly not 5G phones, or radar units in cars – before they 
are put out to irradiate an unsuspecting public. 

6. The telecommunications industry has corrupted the agencies that are supposed to 
be regulating them.  The best example of this is that the FCC which regulates 
EMFs in the U.S. is a “captured agency”, captured by the industry it is supposed 
to regulate, according to an 8 chapter document published by the Edmond J. Safra 
Center for Ethics at Harvard University [9].  Is it any wonder, therefore, that the 
industry keeps touting that their devices are within the safety guidelines set by the 
FCC? 
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I urge you to do the right thing on behalf of the health of Californians and future 
generations. Please let me know if I can provide further information.  (503) 232-3883. 
 
Sincerely, 
Martin Pall, PhD (Caltech, 1968) 
Professor Emeritus of Biochemistry and Basic Medical Sciences 
Washington State University 
 
Citations: 

1. Pall ML.  2013  Electromagnetic fields act via activation of voltage-gated calcium channels to 
produce beneficial or adverse effects. J Cell Mol Med 17:958-965. 

2. Pall ML.  2014  Electromagnetic field activation of voltage-gated calcium channels: role in 
therapeutic effects.  Electromagn Biol Med. 2014 Apr 8. 

3. Pall ML.  2015  Scientific evidence contradicts findings and assumptions of Canadian Safety 
Panel 6: microwaves act through voltage-gated calcium channel activation to induce biological 
impacts at non-thermal levels, supporting a paradigm shift for microwave/lower frequency 
electromagnetic field action.  Rev Environ Health 30:99-116. 

4. Pall ML.  2015 Elektromagnetische Felder wirken über die Aktivierung spannungsabhängiger 
Calciumkanäle, um günstige oder ungünstige Wirkungen zu erzeugen.  Umwelt-Medizin-
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9. Captured Agency: How the Federal Communications Commission Is Dominated by the Industries 
It Presumably Regulates, by Norm Alster. Published by Edmond J. Safra Center for Ethics, 
Harvard University. An e-book under the Creative Commons 4.0 License: 
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June 27, 2017 

 
Assembly Member Cecilia M. Aguiar-Curry 
Local Government Committee Chair       
State Capitol 
P.O. Box 942849 
Sacramento, CA 94249-0004 
Via email   
   
 
Re: SB 649 - OPPOSE 
 
Dear Chair Aguiar-Curry, 
 
On behalf of The Greenlining Institute, I am writing to express our opposition to SB 649.  SB 
649 will not close the digital divide.  Instead, it will allow phone and broadband providers to 
override community decisions about how those communities use public space.  Additionally, SB 
649 will allow providers to use community-owned property without paying just compensation. 

Local Communities Fully Understand the Need for Advanced Phone and Broadband 
Services. 

Every community in California is eager to see faster, more reliable, and more affordable phone 
and broadband service. Local governments are very aware that advanced telephone and 
broadband services are critical for access to educational, employment, and economic 
opportunities.  Access to these opportunities is particularly critical for communities of color, 
who, as a result of the racial wealth and income divides, are more likely to live in areas that lack 
access to advanced phone and broadband services.  State and local governments are particularly 
well-positioned to ensure that providers are serving communities equitably and non-
discriminatorily and that community members have equitable access to economic opportunity.   

SB 649 Would Not Help Close The Digital Divide. 

Sadly, communications providers have repeatedly demonstrated that they will not make 
advanced services available to low-income or rural areas unless they are required to do so.  SB 
649 contains no such requirement, instead allowing providers to pick and choose where to build 
their networks without any community input.  Under SB 649, it is likely that providers will focus 
any service improvements on high-income areas.  SB 649 in no way guarantees that low-income 
communities and communities of color will gain increased access to advanced communications 
services.  Accordingly, SB 649 will not help close the digital divide. 

 

 



 

 
The​ ​Honorable​ ​Jerry​ ​Brown 
Governor,​ ​State​ ​of​ ​California  
c/o​ ​State​ ​Capitol,​ ​Suite​ ​1173 
Sacramento,​ ​CA​ ​95814  
September​ ​17,​ ​2017 
 
RE:​ ​SB​ ​649​ ​(Hueso)​ ​–​ ​Small​ ​Cell​ ​Wireless​ ​Facilities​ ​—​ ​OPPOSE 
  
Honorable​ ​Governor​ ​Brown,  
 
As a nonprofit research and policy organization dedicated to identifying and reducing environmental health              
hazards, Environmental Health Trust (EHT) writes to advise you of serious scientific grounds to veto SB 649 as                  
advanced by Senator Hueso. I have personally served as an expert advisor to the California Department of                 
Public​ ​Health​ ​as​ ​well​ ​as​ ​the​ ​city​ ​of​ ​San​ ​Francisco​ ​and​ ​Berkeley​ ​governments​ ​on​ ​matters​ ​relevant​ ​to​ ​this​ ​bill.  
 
You are globally recognized as a champion of the environment and public health. I remain deeply grateful to                  
you for your forward thinking on climate change and toxics policies which provide moral and political                
leadership at a time when it is sorely lacking. As someone who has been a presidential appointee confirmed by                   
the US Senate, I fully understand the challenges that you face politically. You have provided leadership on the                  
right​ ​side​ ​of​ ​history​ ​in​ ​too​ ​many​ ​ways​ ​to​ ​enumerate.  
 
EHT has a longstanding history of research and policy advice to state, local and national governments regarding                 
strategies to reduce disease and promote health by avoiding environmental health hazards. Our organization              
opposes the broad scale installation of untested wireless antennas and associated electrical equipment close to               
humans​ ​and​ ​through​ ​critical​ ​wildlife​ ​habitat​ ​and​ ​corridors.  
 
The assumption that all wireless technology is safe has been shown through recent studies to be incorrect. EHT                  
strongly opposes the widespread installation of 5G antennas and towers and believes that the state should move                 
forward on its commitment to support the installation of fiber optic cables buried in the ground to every                  
business, home, school, and hospital in California. We urge the state not to ignore this evidence of harm from                   
wireless​ ​technologies.  
 
Specific design standards must first be funded and created for 5G facilities for the more than thirty thousand                  
expected new radiating 5G cell antennas to be constructed on city and county utility light poles and in the right                    
of ways in close proximity to city and county workers, children, residents and visitors. Both federal and local                  
zoning controls are absolutely needed to assure that cellular equipment are installed to avoid significant and                
serious safety threats of electrical shock, fire, and radio frequency (RF) microwave radiation exposures, as well                
as​ ​chronic​ ​impacts​ ​on​ ​public​ ​health​ ​and​ ​the​ ​environment. 
 
Now the challenge before you is one of the most momentous you will have ever faced. The telecom industry is a                     
global multi-trillion dollar phenomenon. They have provided massive amounts of political support throughout             
the political spectrum. Despite this, the weight of science has inexorably demonstrated that the experiment they                



 

have been conducting on ourselves and our progeny is without merit and has already exacted a serious toll for                   
public​ ​health. 
 
SB 649 will pave the way for widespread introduction of 5G microwave wireless radiation frequency (RF) that                 
has never been tested for its impact of public health or the environment. Other RF microwave radiation such as                   
that used by cellphones and other wireless devices has been ​classified as a ‘possible ​carcinogen’ ​by the                 
International Agency for Research on Cancer in 2011 and more recently dubbed a ​‘probable carcinogen,’ ​by                 
expert researchers looking at newer information in 2015. , , In addition, this bill could result in the loss of                  1 2 3

hundreds​ ​of​ ​millions​ ​of​ ​dollars​ ​in​ ​local​ ​revenue,​ ​as​ ​the​​ ​​San​ ​Francisco​​ ​​Chronicle​ ​noted​​ ​​today. 
 
By ignoring growing scientific evidence of harm, the bill effectively will ensure the widespread exposures of                
millions of Californians to an agent that growing numbers of scientists and nations consider a serious health                 
threat. Recently, studies have found that the frequencies which will be used in 5G and other future technologies                  
can have harmful effects , as Dr. Cindy Russell, Vice President of Community Health for the Santa Clara                 4

Medical Association noted. ​As articulated in their state Constitution, California cities and counties have a duty                5

to​ ​protect​ ​the​ ​health​ ​and​ ​safety​ ​of​ ​their​ ​residents. 
  
State and local authority and duty should not be overridden by any preemptive policies such as SB 649 which                   
disregards scientific evidence on this matter as outlined below. Regarding potential health risks from RF a                
number of corporations advise their shareholders that they face serious risks from RF. For instance, Crown                
Castle’s​​ ​​2016​ ​10-K​ ​ANNUAL​ ​REPORT​,​ ​states​ ​that, 

 
“If radio frequency emissions from wireless handsets or equipment on our wireless infrastructure             
are demonstrated to cause negative health effects, potential future claims could adversely affect our              
operations, costs or revenues. The potential connection between radio frequency emissions and            
certain negative health effects, including some forms of cancer, has been the subject of substantial               
study by the scientific community in recent years. We cannot guarantee that claims relating to radio                
frequency emissions will not arise in the future or that the results of such studies will not be adverse                   
to us...If a connection between radio frequency emissions and possible negative health effects were              
established, our operations, costs, or revenues may be materially and adversely affected. We             
currently​ ​do​ ​not​ ​maintain​ ​any​ ​significant​ ​insurance​ ​with​ ​respect​ ​to​ ​these​ ​matters.” 

 

1 ​ ​​World​ ​Health​ ​Organization.​​ ​​“IARC​ ​classifies​ ​radiofrequency​ ​electromagnetic​ ​fields​ ​as​ ​possibly​ ​carcinogenic​ ​to​​ ​​ ​​humans,” 
WHO,​ ​Press​ ​Release,​ ​no.​ ​208,​ ​2011. 
2 ​ ​​IARC​ ​Working​ ​Group​ ​on​ ​the​ ​Evaluation​ ​of​ ​Carcinogenic​ ​Risks​ ​to​ ​Humans.​​ ​​"Non-ionizing​ ​radiation,​ ​Part​ ​2: 
Radiofrequency​ ​electromagnetic​ ​fields."​​ ​​IARC​ ​Monographs​ ​On​ ​The​ ​Evaluation​ ​of​ ​Carcinogenic​ ​Risks​ ​to​ ​Humans ​,​ ​vol.​ ​102, 
pt.​ ​2,​ ​2013. 
3 ​ ​​Morgan,​ ​L.​ ​Lloyd,​ ​et​ ​al.​​ ​​"Mobile​ ​phone​ ​radiation​ ​causes​ ​brain​ ​tumors​ ​and​ ​should​ ​be​ ​classified​ ​as​ ​a​ ​probable​ ​human 
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Most wireless companies from ​AT&T ​to ​Nokia ​to ​T Mobile ​to ​Verizon Wireless ​have issued ​similar                
warnings​​ ​​to​ ​their​ ​shareholders. 

 
Regarding public health impacts, recently released research findings from the premiere test program of the               
National Institute of Environmental Health Sciences (NIEHS) add to the body of scientific evidence              
indicating that RF microwave radiation can be harmful. The 10 year $25 million NIEHS National Toxicology                
Program’s ​Studies of the Toxicology and Carcinogenicity Cell Phone Radiation ​reports that RF produced              
increases rates of highly malignant very rare tumors: gliomas of the brain and schwannomas of the heart.                 

6

These experimental findings are consistent with human studies showing increased rates of gliomas and              
acoustic neuromas (schwann cells) among humans exposed to cell phone radiation. In addition to increased               
cancers, the NTP study also reported that prenatally exposed animals produced offspring with lower birth               
weight​ ​and​​ ​​evidence​ ​of​ ​direct​ ​genetic​ ​damage. 

  

Since the 2011 WHO/IARC classification, the peer reviewed research connecting microwave exposure to             
cancer has significantly strengthened. ​In ​2015, a study ​replicated a 2010 ​experiment ​that found that weak cell                 
phone signals significantly promote the growth of tumors in mice, and that toxic chemical exposures combine                
with RF to more than double the tumor response. , ​The Ramazzini Institute is engaged in similar research                 7 8

with RF that is 1000 less than the NTP exposures—set to mimic radiation exposure levels caused by network                  
equipment​ ​(e.g.,​ ​cell​ ​tower​ ​antenna​ ​emissions). 

  
Consistent with the ​NTP findings​, the Ramazzini Institute team ​report ​significantly lower litter weights, as               
presented at the January 2017 ​Conference on Wireless and Health ​at Israel Institute for Advanced Study,                
Hebrew University of Jerusalem. ​Findings of effects at such low levels is indication of the capability of low                  9

level​ ​electromagnetic​ ​radiation​ ​exposure​ ​to​ ​result​ ​in​ ​biological​ ​effects. 
  

Other studies finding serious increased risk of glioma in regular cell phone users are of special relevance. In                  
2014, a ​French national study ​linked higher cell phone exposure to increased glioma in cell phone users. ​A                  10

newly published research ​report ​in the ​American Journal of Epidemiology ​finds that Canadians who have               
used cell phones for 558 hours or more have more than a doubled risk of brain cancer. Previous ​published                   11

re-analysis ​of the multi country Interphone study data has found stronger positive associations to glioma risk                
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among long term users and heavy users and a ​statistically significant association between where tumors were                
located and how much radiation an individual received from their phone. , ​A ​2017 review published by                12 13

Hardell and Carlberg concludes that “RF radiation should be regarded as a human carcinogen causing               
glioma.” I invite you to view videos from Environmental Health Trust’s expert forum in Jackson Hole,                14

Wyoming on July 30, 2017 where longtime World Health Organization advisor ​Dr. Anthony Miller              
presented​ ​the​ ​scientific​ ​evidence​ ​for​ ​his​ ​​updated​ ​opinion​​ ​that​ ​RF​ ​is​ ​a​ ​human​ ​carcinogen.  

 
More recently, ​research carried out by physicists in Israel and others have shown that the higher millimeter                 
wave frequencies to be used in 5G applications uniquely interacts with sweat ducts of the human skin which                  
can then function as antennas to amplify signals. This work extends studies first produced in 1986. The                 15 16

potential long-term impact of such stimulation on precancerous skin growths should be evaluated carefully,              
including potential super-growth of bacteria. A ​lecture ​by Paul Ben-Ishai, PhD, and published research on               17

this​ ​issue​ ​can​ ​be​ ​found​ ​on​ ​the​​ ​​2017​ ​Conference​ ​website​. , ,​ ​  18 19 20

 
Cancer is not the only health concern presented by wireless devices and infrastructure. Impacts on                
reproduction ​and ​brain development ​have also been repeatedly reported in the peer reviewed literature in               
addition​ ​to​ ​a​ ​myriad​ ​of​ ​other​ ​adverse​ ​effects. ​,​ ​ ,​ ​ ,​ ​

 
21 22 23 24
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In light of these developments showing growing evidence of the biological impact of RF, it is imperative that                  
new infrastructure and 5G not be introduced widely into commerce at this time. The State of California                 
needs to critically consider the potential impact of massive new and possibly carcinogenic wireless              
exposures to their population. Before introducing additional untested wireless technology into the            
environment,​ ​it​ ​is​ ​necessary​ ​to: 

● model​ ​exposures​ ​to​ ​infants,​ ​children​ ​and ​ ​pregnant​ ​women; 
● conduct​ ​experimental​ ​tests​ ​on​ ​exposures’​ ​impacts​ ​on​ ​wildlife;​ ​and 
● evaluate​ ​impacts​ ​on​ ​human​ ​systems​ ​through​ ​in​ ​vitro​ ​and​ ​in​ ​vivo​ ​toxicology 
 

In 2015, the ​International EMF Scientist Appeal​, now signed by over 225 scientists from 41 nations, was                 
submitted to the Secretary-General of the United Nations, the Director-General of the World Health              
Organization and U.N. Member Nations urging the development of more protective guidelines for EMF              
(including RF-EMF), encouraging precautionary measures, and calling for education of the public about health              
risks, particularly risks to children and fetal development.​23 ​The EMF Scientists later submitted ​Comments to               
the​ ​FCC​​ ​​asking​ ​the​ ​FCC​ ​to​ ​critically​ ​consider​ ​the​ ​health​ ​impact​ ​of​ ​the​ ​5G.  

 
Most recently, in September 2017, over 180 scientists and doctors from 35 countries sent a ​declaration to the                  
European Union calling for a moratorium on 5G expansion citing potential neurological impacts, infertility, and               
cancer.  25

  
California firefighters have ​lobbied to protect themselves and successfully received exemption on health             
grounds from the installation of these cell towers. Similarly cities and counties should be given the needed                 26

local controls to protect their citizens from the health and safety risks of these installations. As currently                 
envisioned, transmitters can be placed in close proximity to bedrooms and schools without consideration of the                
health of their occupants. Research is critically needed to evaluate the public health and environmental impacts                
of​ ​proposed​ ​wireless​ ​facilities​ ​before​ ​deployment. 
 
The organization that I founded a decade ago, Environmental Health Trust, is not opposing cell phones. We are                  
in favor of public health and we note that the California Department of Public Health has ​drafted guidelines ​for                   
safer​ ​use​ ​of​ ​phones​ ​so​ ​that​ ​the​ ​public​ ​reduce​ ​radiofrequency​ ​exposure​ ​for​ ​more​ ​than​ ​a​ ​decade.  
 
As my colleagues who have been supported by the US Department of Defense on 5G have written to you, the                    
evidence is compelling that this technology can interact with human body in ways that have never been                 
evaluated for their long-term impact on health and safety. Recently, studies have found that the frequencies                
which will be used in 5G and other future technologies can have harmful effects , as Dr. Cindy Russell, Vice                   27
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President of Community Health for the Santa Clara Medical Association noted. As articulated in their state                28

Constitution,​ ​California​ ​cities​ ​and​ ​counties​ ​have​ ​a​ ​duty​ ​to​ ​protect​ ​the​ ​health​ ​and​ ​safety​ ​of​ ​their​ ​residents.  
 
Cardiologists are reporting increased numbers of patients with atrial fibrillation and heart disease who have no                
inherited risk factors. A recent study by Professor Gemma Figtree, published in the ​European Journal of                
Preventive Cardiology​, found that the rate of heart attacks and heart disease in persons with no known risk                  
factors has more than doubled in less than a decade. Similar rates of serious eye problems and attention deficit                   29

disorder continue to increase without any knowns. Certainly, the phenomenal growth in the use of wireless                
technology​ ​should​ ​be​ ​explored​ ​as​ ​one​ ​of​ ​the​ ​explanations​ ​for​ ​these​ ​serious​ ​public​ ​health. 
 
Please​ ​veto​ ​SB​ ​649​ ​and​ ​uphold​ ​the​ ​rights​ ​of​ ​local​ ​government ​ ​to​ ​protect​ ​public​ ​health​ ​and​ ​the​ ​environment.  
 
Sincerely, 

 
Devra​ ​Davis,​ ​PhD,​ ​MPH 

Founder​ ​&​ ​President,​ ​Environmental​ ​Health​ ​Trust  
Fellow,​ ​American​ ​College​ ​of​ ​Epidemiology 
Visiting​ ​Professor​ ​of​ ​Medicine,​ ​Hebrew​ ​University​ ​of​ ​Jerusalem​ ​and​ ​Ondokuz​ ​Mayis​ ​University  
 
CC  
Tom​ ​Dyer,​ ​Chief​ ​Deputy​ ​Legislative​ ​Affairs​ ​Secretary  
 
Letter​ ​from​ ​Dr.​ ​Paul​ ​Ben​ ​Ishai​ ​to​ ​Governor​ ​Brown  
Order Instituting Rulemaking to update the ​Commission’s policies and procedures related to Rulemaking             
04-08-020​ ​electromagnetic​ ​fields​ ​emanating​ ​from​ ​regulated​ ​(Filed​ ​August​ ​19,​ ​2004)​ ​utility​ ​facilities. 

    
 

 
 

 
 

 
 

28​ ​Russell,​ ​Cindy.​ ​​“A​ ​5G​ ​Wireless​ ​Future:​ ​Will​ ​it​ ​give​ ​us​ ​a​ ​Smart​ ​Nation​ ​or​ ​Contribute​ ​to​ ​an​ ​Unhealthy​ ​One?”​​ ​Santa​ ​Clara 
Bulletin,​ ​Jan./Feb.​ ​2017.  
29​ ​​Vernon,​ ​Stephen​ ​T.,​ ​et​ ​al.​ ​"Increasing​ ​proportion​ ​of​ ​ST​ ​elevation​ ​myocardial​ ​infarction​ ​patients​ ​with​ ​coronary 
atherosclerosis​ ​poorly​ ​explained​ ​by​ ​standard​ ​modifiable​ ​risk​ ​factors."​ ​​European​ ​Journal​ ​of​ ​Preventive​ ​Cardiology​​ ​(2017). 
doi:​ ​10.1177/2047487317720287​. 



 
Beatrice Alexandra Golomb, MD, PhD 
Professor of Medicine 
UC San Diego School of Medicine 
9500 Gilman Drive, #0995 
La Jolla, CA 92093-0995 
Phone: 858 558-4950 x201 
         August 18, 2017 
To whom it may concern, 
 
I urge in the strongest terms that you vigorously oppose California SB 649.   
 
If this bill passes, many people will suffer greatly, and needlessly, as a direct result. 
 
This sounds like hyperbole. It is not.  
My research group at UC San Diego alone has received hundreds of communications from people who 
have developed serious health problems from electromagnetic radiation, following introduction of new 
technologies. Others with whom I am in communication, have independently received hundreds of 
similar reports. Most likely these are a tip of an iceberg of tens or perhaps hundreds of thousands of 
affected person. As each new technology leading to further exposure to electromagnetic radiation is 
introduced – and particularly introduced in a fashion that prevents vulnerable individuals from avoiding 
it – a new group become sensitized to health effects. This is particularly true for pulsed signals in the 
radiowave and microwave portion of the spectrum, the type for which the proposed bill SB 640 will 
bypass local control.  
 
Mechanisms by which health effects are exerted have been shown to include oxidative stress (the type 
of injury against which antioxidants protect ,see optional section below), damage to mitochondria (the 
energy producing parts of cells), damage to cell membranes1, 21, and via these mechanisms, an impaired 
“blood brain barrier”3-5 (the blood brain barrier defends the brain against introduction of foreign 
substances and toxins; additionally, disruption can lead to brain edema6), constriction of blood vessels 
and impaired blood flow to the brain7, and triggering of autoimmune reactions8, 9. Following a large 
exposure, that depresses antioxidant defenses, magnifying vulnerability to future exposures, some 
persons no longer tolerate many other forms and intensities of electromagnetic radiation that previously 
caused them no problem, and that currently cause others no problem. But this group deserves – nay 
needs -- the right to be able to avoid these exposures.  
 
Affected individuals not only experience “symptoms” that “merely” cause them distress and 
suffering, when they are exposed – symptoms like headaches10, 11, ringing ears10, 11 and chest pain10 from 
impaired blood flow, heart rhythm abnormalities10, 11, and inability to sleep10, 11. These symptoms arise 
from physiological injury. Moreover, many experience significant health problems that can include 
seizures11, heart failure, hearing loss12-14 and severe cognitive impairment11, 15. The mechanisms 
involved are those also involved in development and progression of neurodegenerative conditions 
including Alzheimer’s disease16.   
 



 
Fully half who were employed when their problems developed lost their job because of the 
problem, among participants of a survey we conducted. They reported that their condition had cost 
them up to 2 million dollars to date. Many had lost their homes. A number became homeless, and have 
swelled the ranks of so-called “EMF refugees”17-19. Among those affected, many were previously high 
functioning individuals – engineers, doctors, lawyers. The best and the brightest are among those whose 
lives – and ability to contribute to society –will be destroyed. High profile individuals with 
acknowledged electrohypersensitivity include, for instance,  Gro Harlem Brundtland – the former 3-time 
Prime Minister of Norway and former Director General of the World Health Organization20; Matti 
Niemela, former Nokia Technology chief21; as well as the wife of Frank Clegg22, who formerly headed 
Microsoft Canada and is current head of Canadians for Safe Technology23. 
 
Each new roll-out of electromagnetic technology for which exposure is obligatory, swells the ranks 
of those who develop problems with electromagnetic fields (EMF).- particularly following a 
significant exposure to pulsed radiowave-microwave radiation, and particularly when people have no 
ability to avoid it.  
 
Many state that they didn’t give credence to the problem (if they had heard of it at all) until they 
themselves fell prey to it.  
 
This is not a psychologically driven condition. Multiple objective physiological changes reflecting 
mechanisms of injury have been shown in persons with this condition24, 25.  
 
The role for oxidative stress, that has been shown in innumerable studies (below), is affirmed by 
evidence of a link of this condition to genetic variants in antioxidant defenses, that are less avid in 
defending against oxidative stress307

.  People cannot manipulate their genes, to produce such an outcome 
by suggestibility. 
 
An analysis by a University of Washington researcher showed that most studies funded by 
industry reported failure to show physiological effects. However, most studies without such 
industry bias affirmed effects. This is redolent of findings shown in medicine26, regarding which the 
former editor in chief of the BMJ (the British Medical Journal), Richard Smith, noted, based on findings 
of a study, “This {result} suggests that, far from conflict of interest being unimportant in the objective 
and pure world of science where method and the quality of data is everything, it is the main factor 
determining the result of studies.”27. So where articles deny injury from nonionizing radiowave-
microwave radiation, there is commonly a stake aligned with financial benefit from such denial. 
 
Those who are affected are in desperate need of protection by our elected officials. They need 
creation of safe spaces and housing, and roadways to allow travel, not removal of any prospect of one; 
protection of local rights to make decisions - not removal of any recourse or ability to avoid what 
injures them. They are far more strongly in need of protections than a great many protected classes – 
their problems arose due to actions of others, against which they were given no control – and can be 
reversed, in most cases, if the assault on them is rolled back. Through no fault of their own, and in some 
cases against their will (e.g. before opt out was permitted with smart meters), they were subjected to an 



 
exposure that has altered their lives as they knew them, and forced them – needlessly - to the margins of 
society. 
 
Let our focus be on safer, wired and well shielded technology – not more wireless. 
 
This legislation, if passed, and the resulting unrestricted roll-out of this technology, will 
predictably and directly injure and disable a new group, and add depth of suffering to those already 
affected. 
 
In other spheres we abridge freedoms to protect the vulnerable few. We require that every 
schoolchild be vaccinated, supposedly to protect the vulnerable few who may not respond effectively to 
a vaccine. The need to protect the vulnerable group is deemed to be so great that it justifies the decision 
to abridge individual rights.  
 
In contrast, this bill seeks to abridge individual freedoms, and local rights, in the service of 
harming a vulnerable group, and creating a new one.  
(The common factor appears to be that in both cases, the direction is aligned with a powerful industry 
that influences political decisions.)  
Luckily, no abridgment of individual rights and freedoms is required to protect,t here. 
 
If any group can opt out (such as, I understand, firefighters*)28; then every group deserves that equal 
right. Others should not be second class citizens, subject to fewer protections. 
 
It would go far to helping this cause if anyone complicit in promoting or passing the legislation  (and 
then after that, their families) were required to be the first subjected, for a substantial test period, to the 
greatest amount of exposure that anyone else (and their families) may be subjected to, when new 
policies of this type are rolled out. It will still not do them equal damage; because they may not represent 
the vulnerabilities that others will have; but such a policy might help them to think twice. That is a bill I 
would strongly endorse. 
 
Most who are now affected – were not, until they were. This may become you – or your child or 
grandchild. Moreover, if you have a child, or a grandchild, his sperm, or her eggs (all of which she will 
already have by the time she is a fetus in utero), will be affected by the oxidative stress damage created 
by the electromagnetic radiation, in a fashion that may affect your future generations irreparably. 
 
It was noted above that, among survey completers, fully half of those who were employed at the time 
they developed electrosensitivity, lost employment due to this problem. (This may understate the scope 
of the tragedy, since this most-affected group may be least likely to be able to respond to an online 
survey.) Many who previously had no problem navigating in the world are now restricted from 
access to basic services like hospital care, post offices and libraries because of these problems. With 
each new introduction of technology that exposes many to yet a new nondiscretionary source of 
electromagnetic radiation, particularly (but not exclusively) that which emits pulsed radiation in the 
radiowave-microwave part of the spectrum, a new group of people are affected; and the suffering of 
those who are already affected increases greatly.   



 
 
Please, defend the public and our future. Protect the rights of the individual and the locality, against a 
form of incursion that will lead to serious harm to some – and set a terrible precedent. Vote no on 
California SB 649, and urge that everyone else do the same. 
 
Sincerely, 
 
Beatrice Alexandra Golomb, MD, PhD 
Professor of Medicine 
UC San Diego School of Medicine 
 
 
*Comment on the fire fighter exemption:“The legislature granted an exemption from SB 649 to the 
firefighters who requested it for health reasons. Throughout California firefighters have long complained 
of often disabling symptoms from cell towers on their stations. Cities frequently rent out space on fire 
stations to add to city revenue. …Symptoms experienced by the firefighters have included neurological 
impairment including severe headache, confusion, inability to focus, lethargy, inability to sleep, and 
inability to wake up for 911 emergency calls. Firefighters have reported getting lost on 911 calls in the 
same community they grew up in, and one veteran medic forgot where he was in the midst of basic CPR 
on a cardiac victim and couldn’t recall how to start the procedure over again…Prior to the installation of 
the tower on his station, this medic had not made a single mistake in 20 years. A pilot study (2004) of 
California firefighters showed brain abnormalities, cognitive impairment, delayed reaction time, and 
lack of impulse control in all 6 firefighters tested (https://ecfsapi.fcc.gov/file/7022117660.pdf). This 
study led to the overwhelming passage of Resolution 15 by the International Association of Firefighters 
in Boston in August 2004. Res. 15 called for further study and was amended to impose a moratorium on 
the placement of cell towers on fire stations throughout the US and Canada.”15 28  
Clearly, others who experience similar problems also deserve protections. 
 
Optional – More on the Science 

There is a robust literature showing that electromagnetic radiation, including in 
nonionizing frequencies, and at levels29, 30 below those that are  cause thermal effects 
(heating) – causes physiological effects, injury, and cell death –not only in humans but 
many animals and plants3, 7, 31-49. Unsurprisingly, industry has sought – against the tide of 
evidence to the contrary - to maintain that radiation must be ionizing or heating to cause 
injury.  
 
Scores or hundreds of studies show that radiation, including specifically radiowave-
microwave spectrum radiation, and including low-level exposure, can impair antioxidant 
defenses, increase “oxidative stress” (free radical injury) and damage mitochondria, the 
energy producing parts of cells1, 2, 34, 50-6930, 70-104105-13646, 137-171.  These effects occur with 
ionizing and nonionizing radiation, at thermal and subthermal levels. (Indeed, much or most 
of the damage by ionizing radiation, and radiation above the thermal limit, occurs by 
mechanisms also documented to occur without ionization, and below the thermal limit.) These 



 
mechanisms cohere with the mechanisms documented to play a role in symptoms and health 
conditions that are reported in those who are electrosensitive – extending to seizures172-176, 
heart failure177-184 and cognitive decline5, 32, 57, 108, 185-195. 
 
These mechanisms have known involvement in induction of brain cancer, metabolic 
diseases like obesity and diabetes, autism, autoimmune disease, and neurodegenerative 
conditions, conditions that have exploded. In each case these have been linked, or 
presumptively linked, in some studies to electromagnetic radiation8, 9, 16, 34, 196-219. 
 
Such radiation also has effects on sperm33, 100, 220-228; and the DNA of sperm229 (consistent 
with recent news reports of marked recent declines in sperm counts and function).. 
 
Such radiation also has toxic effects in pregnancy230, to the fetus and subsequent 
offspring231-235 including at low levels236, and is tied to developmental problems in later 
life, including attention deficit and hyperactivity31, 235-241. It is critical to defend pregnant 
women (and eggs of girls who may at a later time become pregnant) from exposures with such 
toxicity. 

 
Electromagnetic radiation across much or most of the spectrum (not excluding visible 
light) has been shown to depress levels of melatonin40, 72, 242-252, which is best known for its 
role in sleep (and indeed, impaired sleep is the most consistent symptom in affected 
individuals10, 11).   
 
Melatonin is in fact a critical antioxidant that defends the body against harm from many 
toxic exposures253-266 including electromagnetic radiation itself 61, 66, 67, 82, 101, 107, 118, 121, 138, 

144, 151, 204, 249, 267-284- reducing the oxidative stress that is implicated in cancer, metabolic 
diseases like obesity and diabetes, autism, autoimmune disease, bipolar disorder and 
neurodegenerative conditions, and that also plays a role in heart attack and stroke9, 285-329330-

343.   
 
Radiation, and specifically radiation in the radiowave-microwave portion of the 
spectrum can also depress levels of other critical antioxidant systems that also defend the 
body against chemical, radiation, and other sources of injury. These other antioxidant systems 
include the glutathione system, superoxide dismutase and catalase81, 102, 115, 116, 233, 344-358 - 
which are also involved in defending against health problems.  
 
This suggests that depression of antioxidant defenses due to electromagnetic radiation 
may magnify risk of chemically induced health effects (and depression of antioxidant 
systems due to some chemicals may amplify risk of harm from electromagnetic 
radiation).  Indeed just such effects have been reported359, 360. 
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