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Electro-sensitivity: The cause in the rise 
of ADD, ADHD?
Posted on May 27, 2013

Marti Oakley ©copyright 2013 All Rights 
Reserved
April 4, 2013
Have any of the parents of these children diagnosed with ADD or ADHD or school 
officials or, these psychiatric quacks considered the possibility that these children 
who are obviously in an agitated state are responding to radio frequencies that 
permeate the schools, neighborhoods and homes: anywhere and every where?
ninini

As the number of SMART meters, cell towers and hidden antennas, rise, so does the 
number of children diagnosed with so-called attention deficit disorders. These same 
children appear to be responding to some invisible force that makes it impossible for
them to think clearly and stay focused, or to remain still in their seats at school. At 
home they appear hyper-active and uncontrollable. Many are unable to achieve 
adequate sleep which adds to the overall distress the child appears to be suffering 
from.
You can go to www.antennasearch.com and find out just how many cell towers and 
antennas have been installed and/or hidden in a four mile radius around your home. 
This information may give you a clue about what might actually be wrong with your 
child. It may also explain tinnitus, headaches, blurred vision, anxiety attacks, 
muscle cramping, and a general feeling of dis-ease…experienced by you!
ADD & ADHD
According to Northwestern University:
“ADHD is now a common diagnosis among children and teens,” said Craig Garfield, 
M.D., first author of the study. “The magnitude and speed of this shift in one decade is 
likely due to an increased awareness of ADHD, which may have caused more 
physicians to recognize symptoms and diagnose the disorder.”
And it is just as likely, if not more so, that what is being diagnosed as ADD or 
ADHD is actually a physical response to wi-fi, pulsing microwaves from SMART 
meters and the massive ongoing installation of cell towers and antennas; all of it 
engulfing every area of our communities. Maybe what these children are really 
responding to is the continual exposure to microwave radiation. 
It is entirely possible that these children are suffering the same adverse side affects 
of electro-sensitivity that many adults report, especially those living within 100 miles 
of the GWEN towers stationed across the country. Around the GWEN towers are 



clusters of affected individuals, all reporting bizarre and extraordinary things, 
including physical symptoms that either no one can explain or, no one will explain.
Northwestern also reports:
“The number of American children leaving doctors’ offices with an attention deficit 
hyperactivity disorder (ADHD) diagnosis has risen 66 percent in 10 years, according to 
a new Northwestern Medicine study. Over this same timeframe, specialists, instead of 
primary care physicians, have begun treating an increasing number of these young 
patients, the study found.”
“According to the study, in 2010, 10.4 million children and teens under age 18 were 
diagnosed with ADHD at physician outpatient visits, versus 6.2 million in 2000.”
That is 10.4 million children who were forcibly medicated with stimulant 
psychotropic drugs, the effects of which have not been thoroughly investigated and 
it is unknown what kind of lifetime damage these medications might cause. Maybe 
what is really needed is to remove these children from these toxic microwave/radio 
frequency bathed environments, to a safe place where they are protected from the 
waves. I think it highly probable that in short order many of the symptoms of these 
so-called mental disturbances would most likely disappear.
Our kids don’t stand a chance
We truly are raising an entire generation of damaged children. Between deadly and 
useless “vaccines” many of which contain human diploid cells (gathered from the 
lung tissue of aborted babies), our children now have as many as 1 million strands 
of someone else’s dna in their bodies.
“The injections also contain carcinogens, heavy metals, wild viruses, mutated proteins, 
and the dna in the vaccine can be transfective and recombinant, meaning it can 
combine with human DNA and mutate.”
Alliance for Natural Health reports:
“And we’ve seen cross-species transfer of DNA happen before. A significant 
percentage of human DNA is actually viral DNA that became part of us over 40 
million years ago. There is concern that virally transmitted DNA may cause mutations 
and psychiatric disorders such as schizophrenia and mood disorders. GE organisms 
may exacerbate this phenomenon.”
We also feed them genetically modified foods that can contain the DNA of other 
species and that DNA can transfer over to our DNA, along with pesticides, 
herbicides and fluoridated water. Aspartame which big dairy producers want added 
to milk and dairy products for absolutely no reason, is a deadly poison; yet it is in 
more than 5,000 products already, even though the FDA knows it is extremely 
harmful.
As if all this was not enough to cause agitation, lets throw a big load of microwave 
radiation into the mix. Just to make sure they get their share, lets put one or more 
SMART meters on their homes and on every home in their neighborhood. Then lets 
put wi-fi in our schools so they can be exposed to it all day long. Then lets add 
dozens of cell towers and antennas in close proximity to their homes.
Gosh…….I wonder what is wrong with these kids? Electro-sensitivity, too?
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During the last century, mankind has introduced electricity and during the very last
decades, the microwaves of the modern communication society have spread a totally
new entity—the radiofrequency fields—around the world. How does this affect
biology on Earth? The mammalian brain is protected by the blood-brain barrier,
which prevents harmful substances from reaching the brain tissue. There is evidence
that exposure to electromagnetic fields at non thermal levels disrupts this barrier.
In this review, the scientific findings in this field are presented. The result is a
complex picture, where some studies show effects on the blood-brain barrier,
whereas others do not. Possible mechanisms for the interactions between electro-
magnetic fields and the living organisms are discussed. Demonstrated effects on the
blood-brain barrier, as well as a series of other effects upon biology, have caused
societal anxiety. Continued research is needed to come to an understanding of how
these possible effects can be neutralized, or at least reduced. Furthermore, it should
be kept in mind that proven effects on biology also should have positive potentials,
e.g., for medical use.

Keywords Albumin; Blood-brain barrier; Mobile phones; MRI.
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 Introduction

During the billions of years that organisms have existed on earth, they have been exposed
to, and moulded by, the original physical forces: gravitation, the sun’s rhythmically
changing radiation, other cosmic irradiation, heat/cold, mechanical forces, and the
omnipresent terrestrial static electric and magnetic fields. The existing organisms are
created to function in harmony with these forces and have done so for 3.5 billion years.

This was the truth until the last century when mankind introduced the use of
electricity, and the very last decades when the microwaves of modern communica-
tions spread around the world. The next step is the cordless society based upon
microwave penetration in public as well as private surroundings. Today, one third of
the world’s population are owners of microwave-producing mobile phones, and even
more, live in a milieu filled with microwave-emitting equipment such as base stations
and other systems for wireless communication.

Is this only for good? Or, might this have effects in biology? Such effects we must
anticipate and evaluate as far as possible, and if needed, reduce or avoid.

The questions might seem easily answered; there seems to be little evidence that
the human organism is definitively damaged. However, during recent years, several
scientific reports have shown significant, but often weak, effects on cells in vitro,
experimental animals, and also humans (for reference, see Hyland, 2000).

The first studies on possible risks of microwaves for the living organism were
reported in the 1970s, e.g., before the advent of mobile phones, when radar and
microwave ovens posed a possible health problem. Frey et al. (1975) found increases in
the blood-brain barrier permeability of rats to fluorescein after 30min of exposure to
both pulsed and continous waves at 1.2GHz. Similar observations were made by
Oscar and Hawkins (1977), who demonstrated that at very low energy levels, the fields
in a restricted exposure window, caused a significant leakage of 14C-mannitol, inulin,
and dextran (with the same molecular weight as albumin) from the capillaries into the
surrounding cerebellar brain tissue. These findings, however, were not repeated using
14C-sucrose (Gruenau, 1982). In the following years, much attention was directed to
MRI effects upon the blood-brain barrier. It was shown (Shivers et al., 1987; Prato
et al., 1990) that combined exposure to RF, pulsed, and static magnetic fields resulted
in a pinocytotic transport of albumin across the blood-brain barrier. In more recent
years, in vitro models have been increasingly applied to investigate the blood-brain
barrier; in one of these, it was shown that EMF at 1.8GHz increases the permeability
to sucrose through the blood-brain barrier (Schirmacher et al., 2000).

Our group has studied the effects of RF electromagnetic fields on the blood-brain
barrier and upon tumor growth in the mammalian brain since 1988. Our studies on the
effects of CW and pulsed modulated microwaves at 915MHz have been revealed to cause
significantly increased leakage of albumin through the blood-brain barrier of exposed rats
as compared to non exposed animals (Persson et al., 1997; Salford et al., 1992, 1993, 1994,
2001, 2003). Recently, we have also examined the effects of long term exposure—55
weeks—upon brain morphology and cognitive functions (Nittby et al., 2008a). The effects
of GSM RF upon gene expression have been studied (Nittby et al., 2008b) and 3G
exposure studies are under way.

The Blood-Brain Barrier (BBB)

The mammalian brain is protected from exposure to potentially harmful compounds
in the blood by the BBB. This is a hydrophobic barrier formed by the vascular

104 Nittby et al.
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 endothelial cells of the capillaries in the brain with tight junctions between the

endothelial cells, leaving no fenestrae. The tight junctions are composed of tight
junction proteins (occludin, claudin, and zonula occludens, where the zonula
occludens is the intracellular peripheral membrane protein that anchors claudin and
occludin to the actin cytoskeleton; Alberts et al., 2002). An important part is the
binding of claudin proteins on opposing membranes, where claudin-5 in particular
is crucial in the BBB (Daneman and Barres, 2005). Astrocytes are surrounding
the outer surface of the endothelial cells with protrusions, called end feet, and are
implicated in the maintenance, functional regulation, and repair of the BBB. The
astrocytes form a connection between the endothelium and the neurons and con-
stitute a second barrier to hydrophilic molecules.

Other periendothelial accessory structures of the BBB include pericytes and a bi-
layer basal membrane which surrounds the endothelial cells and pericytes. The
basement membrane (basal lamina) supports the ablumenal surface of the endo-
thelium and may act as a barrier to passage of macromolecules. The pericytes are a
type of macrophages, expressing macrophage markers with capacity for phagocy-
tosis but also for antigen presentation. In fact, the pericytes, which cover about 25%
of the capillary surface (Frank et al., 1987), seem to be in a position to significantly
contribute to central nervous system (CNS) immune mechanisms (Thomas, 1999).
The pericytes also have other functional roles: with their capability for contractility
they seem to serve as a smooth muscle equivalent, and through regulation of
endothelial cells they maintain the stability of blood vessels (Thomas, 1999). Addi-
tionally, the astrocytes seem to be highly involved in many diseases, both infectious
and autoimmune, and also in other diseases such as Alzheimer’s by production of
amyloid. Also, by regulating their vascular permeability, the pericytes are supposed
to play an important role in inflammatory diseases (Thomas, 1999).

Physiologically, the microvasculature of the central nervous system (CNS) dif-
fers from that of peripheral organs. It is characterized not only by its tight junctions,
which seal cell-to-cell contacts between adjacent endothelial cells, but also by the low
number of pinocytotic vesicles for nutrient transport through the endothelial cyto-
plasm and its lack of fenestrations, and the five-fold higher number of mitochondria
in BBB endothelial cells compared to muscular endothelia in rat (Oldendorf et al.,
1977). All this speaks in favor of an energy-dependent transcapillary transport.

These above-described membrane properties of the BBB control the bidirec-
tional exchange of molecules between the general circulation and the central nervous
system. By at least four mechanisms, the endothelial cells directly control the flux of
solutes into the brain parenchyma. First, the tight junctions and low number of
pinocytotic vesicles guarantee that proteins cannot pass freely into the brain par-
enchyma. Second, solutes which are not highly lipid soluble, or which do not bind to
selective transporters with high affinity, are excluded from free exchange. By means
of this lipid solubility, carbon dioxide and oxygen, among many others, are able to
enter the brain interstitial fluid passively, whereas the passage of, for example sugars
and many amino acids, depends on other, active mechanisms. Third, the BBB has a
capacity to metabolize certain solutes, such as drugs and nutrients (Ghersi-Egea
et al., 1988). Fourth, active transporters maintain the levels of certain solutes at spe-
cific values within the brain interstitial fluid, made possible by active transport against
the concentration gradients. These enzyme systems are differently distributed between
the luminal and the ablumenal membranes of the endothelial cells, thus gaining
the BBB polarity properties. For example, Naþ -Kþ -ATPase is located on the

The Blood-Brain Barrier and Electromagnetic Fields 105
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 antilumenal membrane (Betz et al., 1980). It has been proposed that the active

transport across the brain capillaries might be the most important mechanism for the
regulation of the internal milieu within the brain parenchyma. Also, it has been
proposed that this mechanism, requiring energy to function properly, might be the
one most sensitive to disease and that interference with this active transport could
play an important part in the neurological dysfunction seen in many metabolic
disorders (Betz et al., 1980).

In summary, the BBB serves as a regulatory system that stabilizes and optimizes
the fluid environment of the brain’s intracellular compartment (Oldendorf, 1975;
Rapoport, 1976; Salford et al., 2001).

The intact BBB protects the brain from damage, whereas the dysfunctioning
BBB allows influx of normally excluded hydrophilic molecules into the brain tissue.
This might lead to cerebral oedema, increased intracranial pressure, and in the worst
case, irreversible brain damage. The normal selective permeability of the BBB can be
altered in several pathological conditions such as epileptic seizures (Mihàly and
Bozòky, 1984a,b) or extreme hypertension (Sokrab et al., 1988) and also transient
openings of the BBB might lead to permanent tissue damage (Sokrab et al., 1988).
Considering the ensuing leakage of substances from the blood circulation into the
brain tissue, harmful substances might disrupt the cellular balance in the brain tissue
and in the worst case, even carcinogenic substances might pass into the brain tissue.
It has also been shown that an increased permeability of the BBB is seen in cases
of oxidative stress (Parathath et al., 2006), where BBB dysfunction and neurode-
generation were shown to be mediated through an excitotoxicity mechanism by the
serine protease tissue plasminogen activator, with NO and ONOO� as downstream
mediators (Parathath et al., 2006).

Opening of the BBB thus can have detrimental effects and since it has been
shown for a few decades that EMFs have the potency to increase the permeability of
this barrier, a major debate is going on in society with increasing intensity. In the
following, we try to clarify the actual status of the available evidence in the field.

Radiofrequency/Microwave Radiation

Early Studies

In early studies on the effects of low-intensity EMFs on the BBB, various com-
pounds were injected intravenously, followed by EMF exposure and comparisons of
the penetration into the brain tissue between sham and exposed animals.

Frey et al. (1975) found increases in the BBB permeability of rats to fluorescein
after 30min of exposure to both pulsed and continuous waves (CWs) at 1.2GHz with
average power densities of 0.2mW/cm2. Similar observations were made in a study
with 180 animals by Oscar and Hawkins (1977). Exposure of anaesthetized rats for
20min to 1.3GHz of pulsed EMFs with average power densities of 0.3mW/cm2

resulted in leakage of 14C-mannitol, dextran, and inulin into the cerebellar brain
tissue, as well as inulin and dextran leakage from capillaries into hypothalamic and
medullar tissue. Also, BBB permeability to mannitol was investigated in un-anaes-
thetised rats, which were exposed to pulsed radiation or sham exposed for 20min.
The animals were sacrificed at different time intervals after the exposure. BBB per-
meability was seen in the groups sacrificed 8min and 4 h after exposure, but to a
much lesser extent in those sacrificed after 8 h. Finally, the permeation of mannitol

106 Nittby et al.
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 through the BBB was found to be a very definite function of exposure parameters

such as power density, pulse width, and the number of pulses per second. However, in
later studies, Oscar et al. (1981) emphasised that changes of BBB permeability after
microwave exposure partly could be explained by an increase of local cerebral blood
flow. In accordance with this, they concluded that their initial findings (Oscar and
Hawkins, 1977) might be of less magnitude than originally thought (Table 1).

In an attempt to repeat the findings of Oscar and Hawkins (1977), Preston et al.
(1979) found no increase in the uptake of 14C-mannitol in anaesthetised rats after
2450MHz CW exposure for 30min at power densities of 0.1 to 30mW/cm2. Preston
et al. further concluded that the increased BBB permeability, which had been observed
by Oscar and Hawkins (1977) in cerebellum and medulla, possibly had been mis-
interpreted and was not due to the EMF exposure. Rather, changes in blood flow and
water influx or egress were supposed to be responsible for the BBB permeability in
these caudal parts of the brain. Also, further attempts, made by Merritt et al. (1978),
to replicate the findings of Oscar and Hawkins from 1977, resulted in the conclusion
that no repetition of the initial findings could be made. Merritt et al. (1978) tried to
replicate also the findings of Frey et al. (1975), but reported that no changes were seen.
However, Frey commented upon this in an article in 1998, where he pointed out that,
in fact, statistical analysis by the editor and reviewer of the data from the study by
Merritt et al. provided a confirmation of the findings of Frey et al. (1975) (Frey, 1998).

No alteration of BBB permeation of 14C-sucrose and 3H-inulin was found by
Ward et al. (1982) after exposure of anaesthetised rats to CW at 2450MHz for
30min at power densities of 0, 10, 20, or 30mW/cm2 after correction for thermal
effects. Similarly, Ward and Ali (1985) observed no permeation after 1.7GHz
exposure at SAR of 0.1 W/kg, using the same exposure duration and injected tracers
as Ward et al. (1982). Absence of EMF induced BBB permeability was also reported
by Gruenau et al. (1982), after injection of 14C-sucrose in conscious rats and
exposure 30min pulsed energy (2.8GHz at 0, 1, 5, 10, or 15mW/cm2) or continuous
wave (2.8GHz, 0, 10, or 40mW/cm2).

Proof of EMF-induced BBB permeability was put forward by Albert and Kerns
(1981), who exposed un-anaesthetised Chinese hamsters to 2,450MHz CWs for 2 h at
SARs of 2.5 W/kg. In one-third of the exposed animals there was an increased per-
meability of the BBB to horseradish peroxidase (HRP) and the endothelial cells of these
irradiated animals had a 2–3-fold higher number of pinocytotic vesicles with HRP than
the sham animals. The mechanism of BBB permeability seemed to be reversible, since
animals allowed to recover for 1 or 2h after the EMF exposure had almost no HRP
permeation. A total number of 80 animals were included in this study.

Temperature Dependence

In further studies, more attention was directed towards the effects of hyperthermia,
resulting from exposure at high SAR-levels, on BBB permeability.

A study correlating changes of BBB permeability with the quantity of absorbed
microwave energy (Lin and Lin, 1980), using Evans blue and sodium fluorescein as
indicators of BBB permeation, showed that 20min of 2,450MHz exposure of
anaesthetised Wistar rats caused no alteration of BBB permeability even at SAR-
values of 80W/kg. Notably, the same lack of alteration was observed also at lower
SAR-values, down to 0.04W/kg. In further studies by the same group (Lin and Lin,
1982), no permeation of Evans blue could be observed after exposure to 2,450MHz

The Blood-Brain Barrier and Electromagnetic Fields 107
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 RFs for 5–20min when the SAR-values ranged from 0.04–200W/kg. Not until a

SAR-value of 240W/kg, with ensuing rise in brain temperature to 431C, was applied,
the BBB permeability increased. These observations of demonstrable increases of
BBB permeability associated with intense, microwave-induced hyperthermia were
supported by another study by the same group (Goldman et al., 1984).

In a series of EMF exposures at 2,450MHz CW, Williams et al. (1984a,b,c)
concluded that increase of BBB permeability might not be explained by microwave
exposure, but rather temperature increases and technically derived artefacts such as
increase of the cerebral blood volume and a reduction in renal excretion of the tracer.
Significantly elevated levels of sodium fluorescein (Williams et al., 1984a) were found
only in the brains of conscious rats made considerably hyperthermic by exposure to
ambient heat for 90min or 2,450MHz CW microwave energy for 30 or 90min, but
this was at high SAR values, 13W/kg—far beyond the ICNIRP limit of 2W/kg
(ICNIRP 1998)—and not comparable to the experiments performed by, among
others, our group, as described below.

With more research into the area of EMF induced BBB permeability, it became
evident that with high-intensity EMF exposure resulting in tissue heating, the BBB
permeability is temperature dependent (Williams et al., 1984d). Thus, the importance
of differentiating between thermal and non thermal effects on the integrity of the
BBB was realized. This is the reason why studies with increases of BBB permeability
due to exposure to SAR-values well above recommended exposure levels (Quock
et al., 1986; Quock et al., 1987; Moriyama et al., 1991; Nakagawa et al., 1994) need
to be considered from another point of view, compared to those focusing on the non
thermal effects of EMFs.

Continued Studies—MRI and BBB Permeability

Following the increasing use of magnetic resonance imaging (MRI), the effects of
MRI radiation upon BBB permeability were investigated more thoroughly. MRI
entails the concurrent exposure of subjects to a high-intensity static field, a radio-
frequency field, and time-varying magnetic field. Shivers et al. (1987) observed that
exposure to a short (23min) standard (of those days) clinical MRI procedure at 0.15
Tesla (T) temporarily increased the permeability of the BBB in anaesthetised rats to
horseradish peroxidase (HRP). This was revealed by electron microscopy (EM), to
be due to an amplified vesicle-mediated transport of HRP across the microvessel
endothelium, to the ablumenal basal lamina and extracellular compartment of the
brain parenchyma. This vesicle-mediated transport also included transendothelial
channels. However, no passage of the tracer through disrupted interendothelial tight
junctions was present.

During the next few years, more groups studied the effects of MRI exposure on
the BBB permeability by injection of radioactive tracers into rats. One supported
(Garber et al., 1989) while others contradicted (Adzamli et al., 1989; Preston et al.,
1989) the initial findings made by Shivers et al. (1987). Garber et al. exposed rats to
MRI procedures at 1.5, 0.5, and 0.3 T with RFs of 13, 21, and 64MHz, respectively.
Brain mannitol concentration was significantly increased at 0.3 T and 0.5 T but not
at 1.5 T. No decrease in plasma mannitol concentration of MRI exposed animals was
found and thus the authors concluded that effects of MRI associated energies on
mannitol transport do not occur measurably in the body, and might be more specific
to brain vasculature.
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 Preston et al. (1989) found no significant permeation of blood-borne 14C-sucrose

into brain parenchyma in anesthetized rats subjected to 23min of MRI at 4.7 T and
RFs at 12.5 kHz. However, the authors pointed out that if the MRI effect was focal
and excess tracer counts were found only in restricted sites, there could have been
MRI induced extravasation of sucrose that was not detected, due to the pre-
ponderance of normal tissue counts. When Preston et al. (1989) compared the lack of
BBB leakage in their study to the MRI induced leakage which had been observed by
Shivers et al. (1987), they also concluded that certain characteristics of electric and
magnetic fields, which were present in the study by Shivers et al. but not in their own
work, could have been critical to the observed effects.

In 1990, further studies by the Shivers-Prato group were presented (Prato et al.,
1990) and the group could now quantitatively support its initial findings, in a series of 43
Sprague-Dawley rats. The BBB permeability to diethylenetriaminepentaacetic acid
(DTPA) increased in rats after two sequential 23min MRI exposures at 0.15T. It was
suggested that the increased BBB permeability could result from a time-varying magnetic
field mediated stimulation of endocytosis. Also, the increased BBB permeability could be
explained by exposure-induced increases of intracellular Ca2þ in the vascular endothelial
cells. Since the Ca2þ is an intracellular mediator, increases of BBB permeability could
possibly be initiated in this way. A few years later, in a series of 50 rats, the Shivers-
Prato group also found that the BBB permeability in rats is altered also by exposure to
MRI at 1.5T for 23min in 2 subsequent exposure sessions (Prato et al., 1994).

Our group started work on effects of MRI on rat brain in 1988 and found, by
the use of Evans Blue, the same increased permeability over BBB for albumin
(Salford et al., 1992).

This work was continued by separating the constituents of the MRI field: RF,
undulant magnetic field, and static magnetic field. Since RF turned out to be the
most efficient component of the MRI, the following studies focused mainly on the
RF effects. Striving for investigating the actual real-life situation, endogenous sub-
stances, which naturally circulate in the vessels of the animals, were used. In line with
this, albumin and also fibrinogen leakage over the BBB were followed after identi-
fication with albumin rabbit antibodies and rabbit anti-human fibrinogen.

The work by Blackman et al. (1985, 1989) and discussions with Prof A. R.
Liboff, made the ground for studies on the frequency modulation 16Hz and its
harmonies 4, 8, 16, and also 50Hz, of which the last is the standard voltage of the
European power supply. A carrier wave of 915MHz was used. Also, at an early stage
217Hz modulation was added as this was the frequency of the then planned GSM
system. The result of this work, with exposure to both CWs and pulsed modulated
waves, in the most cases lasting for 2 h, showed that there was a significant difference
between the amount of albumin extravasation in the exposed animals as compared to
the controls. In the exposed group 35–50% of the animals had a disrupted BBB as
seen by the amount of albumin leakage, while the corresponding leakage in the sham
exposed animals was only 17%. The fact that sham-exposed control animals also
show some amount of albumin extravasation, is most likely due to our very sensitive
methods for immune histological examination. However, it is hard to explain the fact
that although all animals in the 1997 series were inbred Fischer 344 rats, only every
second animal at the most showed albumin leakage after EMF exposure. The
question, what might protect the remaining 50% of the exposed animals from BBB
disruption, is highly intriguing. It should be noted that in our large series, only in one
single animal fibrinogen leakage has been observed.
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 In later studies, a significant ( p , 0.002) neuronal damage is seen in rat brains

50 d after a 2 h exposure to GSM at SAR values 200, 20, and 2mW/kg (Salford et al.,
2003). This observation is corroborated in another study, where the animals were
sacrificed 14 and 28 d, respectively, after an exposure for 2 h to GSM mobile phone
electromagnetic fields at SAR values 0 (controls), 120, 12, 1.2, and now also
0.12mW/kg (Eberhardt et al., submitted). Significant neuronal damage is seen after
28 d and albumin leakage through the BBB after 14 d. These findings may support
the hypothesis that albumin leakage into the brain is the cause for the neuronal
damage observed after 28 and 50 d.

In the majority of our studies, EMF exposure of the animals has been performed
in transverse electromagnetic transmission line chambers (TEM-cells) (Salford et al.,
1992, 1993, 1994, 2001, 2003; Van Hese et al., 1992; Martens and van Hese, 1993 and
Persson et al., 1997). These TEM-cells are known to generate uniform electro-
magnetic fields for standard measurements. Each TEM-cell has two compartments,
one above and one below the center septum. Thus, two animals can be exposed at a
time. The animals are un-anaesthetized during the whole exposure. Since they can
move and turn in the TEM-cells as they like, the component of stress-induced
immobilization (described by Stagg et al., 2001) is effectively minimized. Through
our studies, we have concluded that the amount of albumin leakage is neither
affected by the sex of the animals, nor their placement in the upper or lower com-
partments of the TEM-cells.

Recent Studies on BBB Permeability, Focusing on the Effects of RF EMFs of the
Type Emitted by Mobile Phones

With the increasing use of mobile phones, much attention has been directed towards
the possible effects on BBB permeability, after exposure to the type of RF EMFs
emitted by the different sorts of mobile phones.

Repetitions of our initial findings of albumin leakage have been made (Fritze
et al., 1997), with 900MHz exposure of rats for 4 h at brain power densities ranging
from 0.3–7.5W/kg. Albumin extravasation into the brain tissue was seen, with sig-
nificant difference between controls and rats exposed reported for 7.5W/kg, which is
a thermal level. However, Fisher exact probability test (two-tailed) performed on the
reported results, reveals significant ( p ¼ 0.01, Fisher exact probability test) differ-
ence for the subthermal level group (SAR ¼ 0.3W/kg plus 1.3W/kg, compared to
sham exposed and cage control animals) where in total 10 out of 20 animals showed
one or more extravasations direct after exposure (Salford et al., 2001).

Another group, working in Bordeaux, and led by Prof Pierre Aubineau, has also
demonstrated evidence of albumin leakage in rats exposed for 2 h to 900MHz at non
thermal SAR-values, using fluorescein-labeled proteins. The results were presented
at two meetings (Töre et al., 2001, 2002). The findings are very similar to those of our
group, described above. At the BEMS meeting in 2002 in Quebec City in Canada,
the Aubineau-Töre group presented results from exposure GSM-900 EMFs at SAR-
values of 0.12, 0.5, and 2.0W/kg. Seventy Sprague-Dawley rats were included in
the study. In addition to normal sham and normal GSM exposed rats, also rats
subjected to chronic dura mater neurogenic inflammation, induced by bilateral
sympathetic superior cervical ganglionectomy, were included. Arterial blood pres-
sure was measured during the exposure, and Töre et al. (2001, 2002) concluded that
the pressure variations (100–130mm Hg) were well below those limits, which are
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 considered to be compatible with an opening of the BBB of rats. In order to induce

opening of the BBB in rats, arterial blood pressure needs to reach values of
170mmHg, according to Töre et al. (2001, 2002). At SAR of 2W/kg a marked BBB
permeabilization was observed, but also at the lower SAR-value of 0.5W/kg, per-
meabilization, although somewhat more discrete, was present around intracranial
blood vessels, both those of the meninges and of the brain parenchyma. Comparing
the animals, which had been subjected to ganglionectomy, to the other animals, Töre
et al. made an interesting observation: as expected, albumin extravasation was more
prominent in the sympathectomised sham-exposed rats as compared to normal
exposed rats. This was due to the fact that the sympathectomised rats were in a
chronic inflammation-prone state with hyper-development of pro-inflammatory
structures, such as the parasympathetic and sensory inputs as well as mast cells, and
changes in the structure of the blood vessels. Such an inflammation-prone state has a
well-known effect on the BBB leakage. However, when comparing sham-exposed
sympathectomised rats to GSM-exposed sympathectomised rats, a remarkable
increase in albumin leakage was present in the GSM exposed sympathectomised rats
compared to the sham rats. In the GSM-exposed sympathectomised rats, both brain
areas and the dura mater showed levels of albumin leakage resembling those
observed in positive controls after osmotic shock. Indeed, more attention should be
paid to this finding, since it implicates that the sensitivity to EMF-induced BBB
permeability depends not only on power densities and exposure modulations, but
also on the initial state of health of the exposed subject.

In rats, uptake of a systemically administered rhodamine-ferritin complex
through the BBB also has been observed, after exposure to pulsed 2.45GHz EMFs
at average power densities of 2W/kg (Neubauer et al., 1990). The authors observed
that the magnitude of BBB permeability depended on power density and duration of
exposure. Exposure to a lower power density (1W/kg) and shorter duration of the
exposure (15min) did not alter the BBB permeability, as compared to higher power
densities (SAR 2W/kg) and longer duration of exposure (30–120min). The micro-
tubules seemed to play a vital role in the observed BBB permeability, since treatment
with colchicine, which inhibits microtubular function, resulted in near-complete
blockade of rhodamine-ferritin uptake. The mechanism underlying the observed
leakage was presumed to be correlated to pinocytotic-like transport.

In other studies, no effect of EMF exposure has been observed on the BBB
integrity. With exposure to 1,439MHz EMFs, 1 h daily during 2 or 4 weeks (average
whole-body energy doses of 0.25W/kg) no extravazation of serum albumin trough
the BBB was observed in a series of 36 animals (Tsurita et al., 2000). However, in
this small material only 12 animals in total were EMF exposed (6 rats exposed for
2 weeks and 6 rats exposed for 4 weeks).

Also, lack of interference with the BBB function of rats was found after
1,439MHz exposure for 90min/d for 1–2 weeks at average brain power densities of
either 2 or 6W/kg (Kuribayashi et al., 2005). A total number of 40 animals were
included in the study.

Also, Finnie et al. (2001) came to the conclusion that no increase in albumin
leakage over the BBB resulted from EMF exposure in a series of 60mice. With whole
body exposure of mice to GSM-900 EMFs for 1 h at a SAR of 4W/kg or sham
exposure, no difference in albumin extravazation was observed between the different
groups. Also, free-moving cage controls were included in the study, and interestingly,
there was no significant difference between these non restrained mice as compared to
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 the sham and EMF-exposed animals. Thus, the authors concluded that there were no

stress-related exposure module confinement effects on the BBB permeability.
Finnie et al. (2002) also investigated more long-lasting exposure effects. In a series

of totally 207mice, they exposed the animals for 60min daily, 5 d a week for 104 weeks
at average whole body SARs of 0.25, 1.0, 2.0, and 4.0W/kg. This lead to a minor
disruption of the BBB, as seen by the use of endogenous albumin as a vascular tracer.
However, it should be added that the authors performed no statistical analyses to
evaluate the albumin leakage through the small vessels in the brain. In an answer
under correspondence in the same journal (Finnie and Blumbergs, 2004), the authors
presented the original data from the long-term study. From that table one can con-
clude that non leptomeningeal albumin leaking vessels were seen in few sham-exposed
animals, and in one third of the animals in the 0.25W/kg group and to a lesser extent
in the higher SAR groups. However, now significant differences are present.

The integrity of the BBB has also been investigated indirectly. Cosquer et al.
(2005) treated rats with the muscarinic antagonist scopolamine methylbromide,
which is known to induce memory impairments, followed by EMF exposure at
2.45GHz for 45min at average whole-body SARs of 2W/kg. Opening of the BBB
after EMF exposure was hypothesised to affect the performance in a radial arm
maze. However, no such alterations were observed and the authors concluded that
no BBB opening seemed to have occurred. In agreement with this, no albumin
extravasation was noticed.

In a recent study (Ushiyama et al., 2007), the effects on the blood cerebrospinal
fluid barrier after RF-EMF exposure were investigated for the first time. With a micro-
perfusion method, cerebrospinal fluid from rat brain was collected in vivo. Fluorescent
intensity of FITC-albumin in perfusate was measured. Rats exposed to 1.5GHz RFs
during 30min at SAR-values of 0.5, 2.0, 9.5W/kg for adult rats and 0.6, 2.2, 10.4W/kg
for juvenile rats, respectively, were compared to sham-exposed controls. Under these
conditions, no increase in FITC-albumin was seen in the cerebrospinal fluid of exposed
rats as compared to sham exposed controls. It was concluded that no effect on the
function of the blood cerebrospinal fluid barrier was seen.

In Vitro Models

In recent years, there has been an increasing use of in vitro models in the search for
BBB effects of EMF exposure.

In vitro models of the BBB have been studied, as by Schirmacher et al. (2000),
with co-cultures consisting of rat astrocytes and porcine brain capillary cells.
Exposure to GSM-1800 for 4 d with average SAR of 0.3W/kg increased the per-
meability of 14C-sucrose significantly compared to unexposed samples in the studied
BBB model. These findings were not repeated in experiments performed later by the
same group, after modifications of their in vitro BBB model (Franke et al., 2005b).
The modified BBB model had a higher general tightness. It was specualted that at a
higher original BBB permeability, which was present in the first study (Schirmacher
et al., 2000), the cultures were more susceptible to the RF EMFs.

In the search after the mechanism underlying non thermal EMF effects,
Leszczynski et al. (2002) observed human endothelial cells, with the interesting
finding that GSM-900 exposure for 1 h with SAR-values of 2W/kg resulted in
changes in the phosphorylation status of many proteins. Among the affected path-
ways, the hsp27/p38MAPK stress response pathway was found, with a transient
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 phosphorylation of hsp27 as a result of the mobile phone exposure. This generated

the hypothesis that the mobile-phone induced hsp27-activation might stabilize stress
fibers and in this way cause an increase in the BBB permeability. Furthermore, it was
also suggested that several brain damaging factors might all contribute to the
mobile-phone induced effects observed in the brain and other structures as well.

Following the introduction of the 3G communication system, increasing attention
has been drawn also to the effects of these RF fields. Using porcine brain micro-
vascular endothelial cell cultures as an in vitro model of the BBB, no effects on barrier
tightness, transport behavior, and integrity of tight junction proteins were observed
after exposure to UMTS EMFs at 1.966GHz for 1–3d at different field strengths at
3.4–34V/m, generating a maximum SAR of 1.8W/kg (Franke et al., 2005a).

Low-Intensity, Extremely Low-Frequency Electromagnetic Field Radiation (ELF)

Only in a few studies have the effects of ELF exposure upon the BBB permeability
been investigated. Öztas et al. (2004) found alteration of the BBB permeability in
33% of diabetic rats exposed to 50Hz EMFs for 8 h at 5mT. No effect was found in
normoglycemic rats, leading to the conclusion that diabetes appears to increase the
vulnerability of the BBB to the effects of EMFs.

Discussion

It has been suggested that BBB leakage is the major reason for nerve cell injury,
such as that seen in dark neurons in stroke-prone spontaneously hypertensive rats
(Fredriksson et al., 1988). Much speaks in favor of this possibility. The parallel
findings in the Lund material of neuronal uptake of albumin and dark neurons may
support the hypothesis that albumin leakage into the brain is the cause for the
neuronal damage observed after 28 and 50 d. It should, however, be pointed out that
the connection is not yet proven.

Also, other unwanted and toxic molecules in the blood may leak into the brain
tissue in parallel with the albumin, and concentrate in and damage the neurons and
glial cells of the brain. In favor of a causal connection between albumin and neuronal
damage is a series of experiments performed in rats by another group at Lund Uni-
versity; albumin leaks into the brain and neuronal degeneration is seen in areas
with BBB disruption in several circumstances: after intracarotid infusion of hyperos-
molar solutions in rats (Salahuddin et al., 1988); in the stroke prone hypertensive rat
(Fredriksson et al., 1988); and in acute hypertension by aortic compression in rats
(Sokrab et al., 1988). Furthermore, it has been shown in other laboratories that epi-
leptic seizures cause extravasation of plasma into brain parenchyma (Mihàly and
Bozòky, 1984a,b), and in the clinical situation the cerebellar Purkinje cells are heavily
exposed to plasma constituents and degenerate in epileptic patients (Sokrab et al.,
1990). There are indications that an already disrupted BBB is more sensitive to the RF
fields than an intact BBB (Töre et al., 2001; Franke et al., 2005b).

It has been stated by other researchers that albumin is the most likely neurotoxin
in serum (Eimerl and Schramm, 1991). It has been demonstrated that injection of
albumin into the brain parenchyma of rats gives rise to neuronal damage. When 25
micro-liters of rat albumin is infused into rat neostriatum, 10 and 30, but not 3mg/
ml albumin causes neuronal cell death and axonal severe damage (Hassel et al.,
1994). It also causes leakage of endogenous albumin in and around the area of
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 neuronal damage. However, it is still unclear whether the albumin leakage demon-

strated in our experiments locally reaches such concentrations.
The fact that some research groups observe albumin leakage/transport over the

BBB after EMF exposure and others do not has led to a rather intense debate between
the researchers but also in society, which is puzzled by the divergent findings. A major
concentration of the involved research groups took place at Schloss Reisensburg
in Germany in 2003, where the technical approaches in the studies of BBB
effects especially were discussed. Two world-renowned researchers in the BBB field,
Dr. David Begley of Kings College, London, and Prof. Olaf Poulsen of Copenhagen,
Denmark, chaired the FGF/COST 281 Reisensburg, November 2–6 meeting. They
made the final statement as a summary of the meeting: ‘‘It seems clear that RF fields can
have some effects on tissues’’. The statement was made to a large extent on the basis of
the concordant findings of the Bordeaux group, represented by Prof. Aubineau, and the
Lund group, represented by Prof. Salford and Prof. Persson.

The biological effects of RF exposure depend on many parameters, such as mean
power level and the time variations of the power (Bach Andersen et al., 2002) and
whether in vivo or in vitro experiments are performed. In the in vivo situation,
different kinds of animals, and also the same kind of animals but of different breeds,
might react differently. It might not necessarily be the strongest RF fields that give
rise to the most obvious biological effects. This has been observed by us (Persson
et al., 1997; Salford et al., 2003). In many cases, the weak and precisely tuned EMFs
have the most important biological function; two examples of this are cellular
communication and protein folding. It seems quite likely that in different experi-
mental set-ups, and in different living organisms, the signal has to be tuned to
different properties in order to cause any effect. This could perhaps in some part
explain why, in some cases, there are quite obvious effects of RF exposure, whereas
in others, no such effects can be seen.

The search for the mechanisms behind the observed effects continues in several
laboratories. As an example, studies in rats on long-term effects of GSM exposure in
rats and electron microscopic examination of the brains from short-term GSM
exposure can be mentioned (Salford et al., 2007).

Microarray analysis of the expression of all the rats’ genes in cortex and hippo-
campus, after exposure to GSM RFs or sham exposure for 6 h, has shown interesting
differences between exposed animals and controls (Nittby et al., 2008b). Genes of
interest for membrane transport show highly significant differences. This may be of
importance in conjunction with our earlier findings of albumin leakage into neurons
around capillaries in exposed animals. It can be noted here that among the sig-
nificantly altered genes from these evaluations, two variants of the gene RGS4 are up-
regulated in hippocampal tissue from exposed rats as compared to the sham-exposed
rats (unpublished results). RGS is a regulator of G protein signalling, and it has been
proposed that RGS4 might regulate BBB permeability in mammals, in a way corre-
sponding to the role of its Loco homolog G protein coupled receptor (GPCR) in
developing and maintaining the BBB permeability of Drosophila (Daneman and
Barres, 2005).

It has also been suggested in other connections that manifestations of BBB
disruption might also be mediated by the formation of free radicals, such as O2

�,
H2O2, and hydroxyl radical, which are supposed to oxidize cell membrane lipids by
virtue of the high concentration of polyunsaturated fatty acids in these membrane
constituents (Davson and Segal, 1996). As an example of this, it was reported by
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 Chan et al. (1983) that treatment of the brain of rats with a free-radical generating

system resulted in lipid-peroxidation, and an increased permeation of Evans blue due
to barrier breakdown.

Recently, a detailed molecular mechanism, by means of which mobile phone
radiation exerts its effects, has been proposed (Friedman et al., 2007). By using Rat1
and HeLa cells, it was shown that EMF exposure resulted in rapid activation of ERK/
MAPKs (mitogen-activated protein kinase). The activation of these ERKs was
mediated by reactive oxygen species (ROS), resulting in a signaling cascade ultimately
affecting transcription, by the central key role of ERKs in signalling pathways.

In the continued search for the mechanisms behind EMF mediated effects, their
interaction with calcium-45 transport in biomembranes has been studied (Persson
et al., 1992) and Ca2þ -efflux over plasma membranes has been observed in plasma
vesicles from spinach exposed to ELF magnetic fields (Bauréus-Koch et al., 2003).
With this model, quantum mechanical theoretical models for the interaction between
magnetic fields and biological systems are tested. The model proposed by Blanchard
and Blackman (1994), in which it is assumed that biologically active ions can be
bound to a channel protein and in this way alter the opening state of that channel,
could in this way be quantitatively confirmed. Thus, the membrane is one site of
interaction between the magnetic fields and the cell, and more specifically, the Ca2þ -
channels, are one of the targets. More recently, new models for the interaction
between magnetic fields and hydrogen nuclei also have been proposed. We are
presently investigating these experimentally. Also, application of RF fields will show
whether EMF of this kind have the same possibility to affect Ca2þ -channels as the
low-frequency fields applied in our study from 2003.

EMF-induced Ca2þ -efflux over plasma membranes, understandably, can have
many different effects on the target cells. Some agents that increase the BBB per-
meability act through a contractile mechanism that widens the intercellular junctions
of the capillary endothelium. An increase of free Ca2þ should mediate these chan-
ges, thereby resulting in measurable alterations of intracellular Ca2þ -levels in brain
capillary cells after exposure to BBB-disrupting agents (Davson and Segal, 1996).
Another hypothesis is that EMF-induced intracellular Ca2þ -alterations might affect
Ets genes, which are transcription factors expressed in different tissues (Romano-
Spica and Mucci, 2003). In this context, we could add that in our gene expression
material from GSM-exposed rats vs., sham-exposed rats, one Ets variant gene is
actually significantly up-regulated in hippocampus and one Ets1 gene is significantly
up-regulated in cortex of the exposed animals.

In recent years, the GSM phones have been increasingly replaced by the 3G
mobile phones, which emit EMFs of different frequencies and pulse modulations.
Since these properties have a crucial role in the interaction between EMFs and living
organisms, it is important to investigate what exposure to the new 3G fields might
result in. Are the effects comparable to those of the GSM phones, or are there new
unexpected effects? Or, in the best case, do the 3G fields not affect life at all? We
presently study animals exposed to the new 3G fields, in the search of the answers to
these questions.

Studies on EMF induced BBB disruption have shown contradictory results from
different laboratories. Some groups demonstrate increased BBB permeability with
their experimental conditions, whereas others do not. Many factors may contribute
to this. One remarkable observation, which we have made in our studies throughout
the years, is that exposure with whole-body average power densities below 10mW/kg
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 gives rise to a more pronounced albumin leakage than higher power densities, all at

non thermal levels. In many studies, the SAR exposure has been restricted to the
peak power of 2W/kg and average SAR-values of 0.25W/kg (Neubauer et al., 1990;
Tsurita et al., 2000 among others), since this is the value recommended as the
maximum localized SAR-value for head and trunk exposure (ICNIRP 1998). The
very low SAR-values, such as 1mW/kg, which for example exist at a distance of
more than one meter away from the mobile phone antenna and at a distance of
about 150–200m from a base station, have been extensively investigated by us and it
is our conviction that continued research in this field should include SAR-values at
these levels, not only for GSM, but also for systems such as 3G and others to be
developed.

Demonstrated effects on the BBB, as well as a series of other effects upon
biology (for reference see Hyland, 2000) have given rise to public anxiety. It therefore
is up to the public and also the providers of the radiofrequency-emitting technologies
to support continued research in order to understand the nature of the effects,
thereby neutralizing or at least reducing them. Also, it should be kept in mind that
proven effects on biology also means that positive potentials might be revealed. This
might be useful in medical applications, for example a controlled opening of the BBB
would enable previously excluded pharmaceuticals to reach their targets within the
brain tissue.
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Life on earth was formed during billions of years, exposed to, and shaped by the original
physical forces such as gravitation, cosmic irradiation, atmospheric electric fields and the
terrestrial magnetism. The Schumann resonances at 7.4 Hz are an example of oscillations
possibly important for life.1)

The existing organisms are created to function in harmony with these forces. However,
in the late 19th century mankind introduced the use of electricity, in the early 20th century
long-wave radio and in the 1940-ies short-wave radio. High frequency RF was introduced in
the 50-ies as FM and television and during the very last decades, microwaves of the modern
communication society spread around the world. Today, however, one third of the world’s
population is owner of the microwave-producing mobile phones and an even larger number
is exposed to the cordless RF emitting systems. To what extent are all living organisms
affected by these, almost everywhere present radio frequency fields? And what will be the
effects of many years of continuing exposure?

Since 1988 our group has studied the effects upon the mammalian blood-brain barrier
(BBB) in rats by non-thermal radio frequency electromagnetic fields (RF-EMF). These have
been shown to cause significantly increased leakage of the rats’ own blood albumin through
the BBB of exposed rats, at energy levels of 1W/kg and below, as compared to non-exposed

animals in a total series of about two thousand animals.2)−6) One remarkable observation
is the fact that the lowest energy levels, with whole-body average power densities below
10mW/kg, give rise to the most pronounced albumin leakage. If mobile communication,
even at extremely low energy levels, causes the users’ own albumin to leak out through the
BBB, also other unwanted and toxic molecules in the blood, may leak into the brain tissue
and concentrate in and damage the neurons and glial cells of the brain.

In later studies we have shown that a 2-h exposure to GSM 915 MHz, at non-thermal
SAR-values of 0.2, 2 and 200 mW/kg, gives rise to significant neuronal damage, seen not

only 50 days after the exposure7) but also after 28 days but not after 14 days. Albumin
extravasations and uptake into neurons was enhanced after 14 days, but not after 28.8)

In our continued research, also the non-thermal effects on tissue structure and memory
function of long-term exposure for 13 months are studied.9) We have also performed micro-
array analysis of brains from rats exposed to short term GSM both at 1,800 MHz and at
900MHz and have found significant effects upon gene expression of membrane associated
genes as compared to control animals.10),11)

Most of our findings support that living organisms are affected by the non-thermal radio
frequency fields. Some other studies agree while others find no effects.

The mechanisms by which the EMFs may alter BBB permeability are not well under-
stood. At low field strengths, the effects on body temperature are negligible and thus heating
effects are not involved. A change in the physicochemical characteristics of membranes has
been suggested as a cause.12)

We have performed experiments to verify a quantum mechanical model for interaction
with protein-bound ions. Our results show that controlled frequency and amplitude of ELF
EM fields upon spinach plasma vesicles can steer transport over the membrane.13) This
may be a first proof of a resonance phenomenon where appropriate levels of frequency and
amplitude in the right combination have the potency to communicate with the biology of
membranes and transport systems. Our study has prompted us to elaborate on magnetic
resonance models; the Ion Cyclotron Resonance (ICR) model and the Ion Parametric Reso-
nance (IPR) Model in an attempt to explain the occurrence of resonance frequencies. This
is extensively described here under the heading: Mechanisms behind the effects of electro-
magnetical fields upon biology.

We also bring forward the concept of solitons being active in membranes and DNA/RNA-
transcription as a possible mean to understand and prove the biological effects of EMF.

The Nishinomiya-Yukawa International and Interdisciplinary Symposium 2007 raised the
question: What is Life? An obvious and simple answer could be: It is DNA!

The DNA strand can be looked upon as an antenna resonating in the microwave band
6GHz with its harmonics and subharmonics.14)−18) If this holds true, the dramatic situa-
tion might exist, that all living organisms have a receptor for the newly constructed and
world-wide man-made microwaves, leading to a direct effect upon the function of DNA - in
concordance with our experimental findings!

Our generation invented the microwave emitters. We now have an imperative obliga-
tion to further investigate the links between EMF and biology in order to prevent possible
detrimental effects of the microwaves.
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Fig. 1. Time-line for the origin of life (for a more detailed time tree, see Williams 2007).

§1. Introduction

Our Universe was born in the “Big Bang” approximately 15 billion years ago,
our sun and most of the stars were formed 10 billion years later.

Four and a half billion years ago our Earth was formed and already 1.5 billion
years after this, the earliest unicellular life/bacteria/cyanobacteria started life on
Earth.

Two and a half billion years ago the first photosynthesis by blue-green algae
took place and 1 billion years ago the first nucleated cells with organelles emerged.
This was followed 500 million years ago by the creation of the first vertebrates and
they finally lead to the development of mammals and then, 2 million years ago, the
emergence of our own species, Homo.

Since its origin, life on Earth has been exposed to, and shaped by, the original
physical forces such as gravitation, cosmic irradiation, atmospheric electric fields and
the terrestrial magnetism.

Life has also developed in a multitude of cyclic events occurring with different
intervals: Earth’s own rotation (1 day), Earth’s revolution around the sun (1 year),
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Fig. 2. Ionosphere and Schumann resonances.

the sun’s rotation around its own axis (27 days), the synodic period of the moon
(29.5 days) and further, the magnetic storms generated by the solar flare generating
solar winds with plasma flows which appear 10 times in a month and vary with an
eleven year periodicity. These magnetic storms produce alterations of the Earth’s
geomagnetic field (GMF) lasting from hours to days all around the Earth. The GMF
forms an extremely important shield around the Earth, the magnetosphere with its
magnetosheath, preventing the solar wind to reach Earth’s surface at a harmful level.
The protective effect of the magnetosheath can be seen as the solar wind approaches
the magnetosphere, where it drops abruptly. A shock wave, known as a bow shock,
develops, reminding of the waves in front of a ship travelling through the water, and
thus the solar wind deflects around the magnetosphere.

Earth is surrounded by its thin atmosphere reaching only about 180 km above
its surface. In parallel with this exists the 3-layered ionosphere (Fig. 2), with its
innermost D-region surrounding Earth 80-90 km above its surface. Between 100 and
150 km is the E-region and between 150 and 180 km the F-region. The existence
of the ionosphere is an absolute prerequisite for the development and persistence of
life.

The enhanced X-rays from solar flares, extreme ultraviolet and all other forms of
ultraviolet light are prevented from reaching Earth by the ionosphere whilst visible
light and infrared rays pass it.

Ionized particles (mainly protons and electrons) and the enhanced X-rays from
solar flares are prevented from reaching Earth by the ionosphere. Short wave ul-
traviolet radiation is absorbed by the ozone-layer in the stratosphere, whilst longer
wave UV-radiation, visible light and infrared rays pass it.

The level of naturally occurring microwaves at the Earth’s surface is extremely
low. High frequency microwaves are stopped by the ionosphere, especially its D-
region. This function is of importance for the conclusions drawn in this presentation.
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Natural extremely low frequency electromagnetic fields are formed by electrical
discharges in the atmosphere due to the resonance cavity formed by the surface of
the Earth and the charged ionosphere resonances occur. These resonance frequencies
are named after W. O. Schumann who already 1952 predicted their existence, and
were recorded in 1960 by Balser and Wagner.30)

The Schumann resonances at 7.8, 14, 20, 26, 33, 39, and 45 Hz21)−23) are exam-
ples of natural oscillating electromagnetic fields of importance. It is possible that
these resonances with their frequency predominantly at 7.8 Hz but also at 14-45 Hz,
have played — and play — a role in the tuning of the spontaneous frequencies of the
mammalian brain, where the frequency during relaxation is around 8 to 14 Hz, and
during concentration 14-30 Hz.

Natural extremely low frequency ELF magnetic fields are also generated by the
currents in the electrical discharges between clouds and the surface of the Earth.24)

The daily variation of these ELF magnetic fields is strongly correlated to variations
in the atmospheric magnetic field.25)

The always present geomagnetic field (GMF) of the Earth is a prerequisite for
life. It not only shields us from the solar wind, but also has direct functions for life
such as orientation of pigeons,26) plant branching, orientation of root branches and
shielding of the geomagnetic field causes biological alterations such as decrease of
the vital functions in bacteria and effects upon meristem (cf. stemcells in animals)
of seedling roots of pea, flax and lentil and electron microscopy reveals changes in
the mitochondrial structure.27)

Evidence has also been brought forward that we have endogenous internal rhythms
in blood pressure and heart rate, which are close to, however not identical to, the
period length of the rhythms in the solar wind. So, it has been proposed, that these
were installed genetically by natural selection at some time in the distant geological
past.28) It has also been shown that magnetic storms cause additional biological dys-
functions. Thus, bacterial bioluminescent intensity varies according to the amplitude
and duration of the MSs. Further, medical studies correlate MSs with anxiety and
irritability and lower attention and accuracy, with an increment of the probability
of road accidents29) and aviation accidents.30) Also, acute attacks of cardiovascular
diseases, such as myocardial infarction and stroke, become more frequent.31)

We have to conclude that the existing organisms are created to function in har-
mony with the abovementioned fields and forces which existed when life was born
3 billion years ago. And so was the situation until the generation of our grandpar-
ents. They invented the wonders of our modern life. Thus, in the late 19th century
mankind introduced the use of electricity. Until then the ELFs, extremely low fre-
quency electromagnetic fields, were represented on Earth principally only by the
Schumann resonances. But now Tesla constructed the induction motor, Morse intro-
duced the long-range telegraph, Bell the telephone, Edison developed the commercial
electrical networks and electricity spread around the globe. Marconi introduced the
wireless receiver 1896 and in the early 20th century long-wave radio and in the
1940-ies short-wave radio appeared.

Compared to the estimated natural background level of natural ELF magnetic
fields below 1 pT/Hz (10−12 T/Hz) for which the previous generations of human
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beings had been exposed, the average exposure in the modern world is about 100
000 times higher!

§2. Microwaves

In 1964 Penzias and Wilson discovered the cosmic microwave background (CMB)
which fills the whole universe and which originates from the Big Bang. Also ongoing
cosmic processes in for example intergalactic gas clouds with temperatures of about
30◦K contribute to some cosmic microwaves. But microwaves are heavily attenuated
by the ionosphere and the atmosphere. Thus the natural electromagnetic background
radiation in radiofrequency and the microwave band is extremely low at the Earth’s
surface.

The integrated spectral distribution of the microwave background in space re-
sults in a power density of about 0.4 μW m−2. A great deal of this radiation is
thus reflected by the Earth’s magneto- and ionosphere or is absorbed by water and
other molecules in the atmosphere. A rough estimate of the power density of CMB
at the Earth’s surface varies from 10−21 to 10−14 Wm−2 equivalent to 10−15–10−8c

μWm−2. This level of radiation is extremely low and extremely sensitive measuring
equipment is required for its recording.

Thus microwaves had so far been extremely low on Earth’s surface, but in the
1950-ies high frequency RF was introduced as FM and television and during the
very last decades, microwaves of the modern communication society spread around
the world for the first time and now exceed the natural levels by many orders of
magnitude (Table I).

Today one third of the world’s population owns the microwave-producing mobile
phones and an even larger number is exposed to the cordless RF emitting systems
(“passive mobile phoning”5)). To what extent are all living organisms affected by
these new, almost everywhere present radio frequency fields? And what will be the
effects of many years of continuing exposure?

Table I. Incident energy from a spectrum of sources of electromagnetic energy. These are not

actually measured values. They are guideline values set by authorities. (For microwave ovens

U.S. Food and Drug Administration since 1971). The actual standard 5 mW/cm2= 50 W/m2 at

5 cm from oven surface, 0.5 mW/m2 at 50 cm at 2.45 GHz corresponds to 10 W/m2 = 2W/kg,

and 50 W/m2 = 10 W/kg.

Source Energy flux density (W/m2)

Natural Background < 10−14

Microwave oven, RF leakage standard

5 cm for surface 50

50 cm from surface 0.5

Cell telephone (2 GHz) public guideline 10

Cell telephone (850 MHz) public guideline 4.3

RF levels near cellular base antenna (calculated)∗) 0.05
∗)Typical E-field levels in proximity to cellular telephone base stations (< 200 m).32)
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These questions are extremely important to answer. Our generation and our
children are the first to be exposed during a lifetime to the microwaves, which are
exponentially increasing underneath the ionosphere which was intended to prevent
their access to Earth, at least partially.

Scientists have studied the effects of ELF and MW since the 60-ies, and an
abundance of reports have emerged, especially during recent years, many of them
demonstrating significant effects upon biology and health, while others have failed
to show effects. In this communication we will summarize the results of some of
our work in the field since 1988 and also comment to a lesser extent upon the
work of other research groups. During recent years, several scientific reports in
respected journals have shown significant, but often weak, effects upon cells in vitro,
experimental animals and also humans (for reference see 33)-35)).

Recent epidemiological studies indicate that long term exposure might increase
the risk for some tumour forms (for review see 36)). In a Swedish case-control study
it was reported that the use of analogue and digital cellular telephones and cordless
phones was correlated to an increased risk for malignant brain tumours. Regarding
the use of digital cellular telephones, an odds ratio of 1.9 was observed and with a
> 10-year latency period this odds ratio was increased to 3.6.37)

It has also been shown that mobile phone emission modulates (with increase in
some cases, and decrease in others) inter hemispheric functional coupling of EEG
alpha rhythms.38)

The mechanisms through which the electromagnetic fields exert their effect upon
cells and organisms are not well understood. This may be part of the reason why
the results of different laboratories diverge and it should be pointed out that it is
as important to reveal the mechanisms as it is to demonstrate their effects upon
biology. In this publication we also dwell at some length at the theoretical models
trying to explain the biological effects of EMF in relation to our own experiments
on EMF steering of calcium passage over spinach plasma vesicle membranes.

§3. The Blood Brain Barrier (BBB) of the mammalian brain

Since 1988 our group has studied the effects of RF electromagnetic fields upon
the blood-brain barrier (BBB) and we have collected an extensive experimental ex-
perience in this field. RF electromagnetic fields have been revealed to cause signif-
icantly increased leakage of albumin through the BBB of exposed rats as compared
to non-exposed animals — in a total series of about two thousand animals. We
have exposed rats to various magnetic and electromagnetic fields, as well 915 MHz
continuous wave (CW) as pulse-modulated at various repetition rates (50-200 pulses
per s), and we have confirmed these findings in our laboratory in follow-up studies
with real GSM-900 and GSM-1800 exposures.2),3),5)−7),39)

The mammalian brain is protected from exposure to potentially harmful com-
pounds in the blood by the blood-brain barrier (Fig. 3). Being formed by the vascular
endothelial cells of the capillaries in the brain, this hydrophobic barrier maintains
and regulates the very sensitively tuned environment within the mammalian brain.

The blood-brain barrier is a highly complex system, in which several kinds of
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Fig. 3. The blood-brain barrier.

cells exert a wide range of functions. Some of the main characteristics are described
below.

- The cell-to-cell contacts between the capillary endothelial cells are sealed with
tight junctions, forming a permeability barrier, which is much more selective as
compared to the fenestrated sealing of other capillaries.

- The outer surface of the endothelial cells is surrounded by protrusions (end
feet) from astrocytes. Thereby, the endothelial cells and the neurons are connected
and also, a second hydrophilic barrier is formed. Also, the astrocytes are implicated
in the maintenance, functional regulation and repair of the blood-brain barrier.

- A bilayer basal membrane supports the ablumenal surface of the endothelial
cells. This membrane might also further restrict the passage of macromolecules into
the brain parenchyma.

- Pericytes are other periendothelial accessory structures of the blood-brain bar-
rier. These have capacity for phagocytosis as well as antigen presentation and in
fact, they seem to contribute significantly to the immune mechanisms of the central
nervous system.40)

In addition to these structural properties of the blood-brain barrier, there are
also several physiological characteristics of major importance, e.g. the high number
of mitochondria within the endothelial cells (five-fold higher as compared to muscular
endothelial cells of rats)41) and also, the low number of pinocytotic vesicles for nutri-
ent transport through the endothelial cytoplasm. These are properties, which speak
in favour for an energy-dependent transcapillary transport system. Of importance
in the context of the blood-brain barrier permeability restriction, is also the enzy-
matic barrier of the cerebral endothelium, which metabolizes drugs and nutrients
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and thereby prevent their passage into the brain parenchyma.42)

Taken together, all these characteristics of the blood-brain barrier guarantee that
only those molecules, which are either hydrophobic (such as oxygen, nitric oxygen
and steroid hormones), or bind to specific receptors (such as certain amino acids and
sugars), can pass freely from the blood circulation out into the brain parenchyma.
Additionally, there is also a weight-selectivity, where particles of a larger molecu-
lar weight are more effectively excluded from passage over the blood-brain barrier.
Also, active transport out from the brain parenchyma and metabolization of certain
drugs, made possible by an intact blood-brain barrier, stabilises and optimises the
environment surrounding the neurons of the mammalian brain.

In a number of pathological conditions, such as epileptic seizures, sepsis and
severe hypertension, the integrity of the blood-brain barrier is disturbed. The sensi-
tively tuned balance within the brain parenchyma is thereby disrupted. This might
lead to cerebral oedema, increased intracranial pressure and in the worst case, irre-
versible brain damage. Also, potentially carcinogenic molecules can gain free access
to otherwise protected areas of the mammalian brain. Of importance to remember,
is also, that transient openings might be harmful enough to result in permanent
tissue damage.43)

In conclusion, an intact and fully functioning blood-brain barrier is essential for
the proper function of the mammalian brain.

Rectangular pulsed RF were generated by switching the MW generator (900
MHz) on and off with a rectangular pulse train of various repetition frequencies
(4-217 Hz). We started our studies on albumin passage over the BBB a repetition
frequency of 16 Hz and then with its harmonies of 4, 8 and also 50 Hz, which was
felt relevant, as it is the standard voltage of the European power supply, with a
carrier wave of 915 MHz. At an early stage also 217 Hz modulation was added
as this was the frequency of the then planned GSM system. In all experiments
endogenous substances such as albumin and fibrinogen, which occur naturally in the
blood circulation, were used for the detection of BBB leakage, which is identified by
anti-rat albumin rabbit antibodies and rabbit anti-human fibrinogen.

This work was published in 19943) and 19976) and comprised sham or 915 MHz
exposure for in most cases 2 hours (both CWs and pulsed modulated waves). These
results, based on 246 rats 1994 and more than 1,000 rats 1997 (the majority EMF
exposed and about 1/3 sham-exposed) concluded that there was a significant differ-
ence between the albumin extravasation from brain capillaries into the brain tissue
between the differently exposed groups and the controls. It is important to point
out that though all animals in the 1997 series (and basically all of our experiments)
are inbred Fischer 344 rats, only at the most 50% of the identically exposed animals
display albumin extravasation (in CW animals and somewhat less in the other ex-
posed animals). Even the sham exposed animals had some albumin leakage though
only in seventeen per cent as a mean of all controls and at a lesser extent. The
detection of leakage in unexposed animals presumably is due to our very sensitive
immune histological methods.

The most remarkable observation was that exposure with whole-body average
power densities below 10mW/kg gave rise to a more pronounced albumin leakage
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than higher power densities, all at non-thermal levels. If the reversed situation were
at hand, we feel that the risk of cellular telephones, base-stations and other RF
emitting sources could be managed by reduction of their emitted energy. The SAR
value of around 1 mW/kg exists at a distance of more than one meter away from
the mobile phone antenna and at a distance of 150-200 metres from a base station.
This has led us to coin the concept passive mobile phoning for all non-users who are
exposed.5)

The maximally allowed SAR-value for occupational exposure is 10 W/kg, and 2
W/kg is the maximally allowed SAR-value for public exposure. At a frequency of 900
MHz, these values are reached at power densities of 22.5 W/m2 for maximally allowed
occupational exposure, and 4.5 W/m2 for maximally allowed public exposure. That
is, 1 W/kg corresponds to 2.25 W/m2 at a frequency of 900 MHz.

In many studies of pharmacological effects in connection with RF exposure,
response is only seen at a certain dose range, and not at higher or at lower dosages.
This is named “the inverted U-function”. A similar RF response characteristic has
been observed by us, seen as a more pronounced albumin leakage at lower than
at higher power densities. According to Adey, this kind of dose response might
constitute the basis for window effects observed in connection to RF exposure.44)

In the majority of our studies, EMF exposure of the animals has been performed
in transverse electromagnetic transmission line chambers (TEM-cells)(for reference
see 2),3),5)-7),39),45),46).) These TEM-cells are known to generate uniform elec-
tromagnetic fields for standard measurements. In each TEM-cell, two animals can
be placed, one in an upper compartment and one in a lower compartment. The ex-
perimental model allows the animals, which are un-anaesthetized during the whole
exposure, to move and turn around in the exposure chamber, thus minimising the

Fig. 4. Pathological leakage around brain capillaries demonstrated by immuno assaying against

blood albumin. Fischer 344 male rat (# 3987, weighing 292 g) exposed to 1899 MHz CW

microwaves in an anechoic chamber for 2 hours at SAR ≈ 2mW/kg. Ten minutes after this

exposure, the animal was anaesthetised and sacrificed.
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effects of immobilization induced stress, described by Stagg et al.47)

It is important to point out that the position of the animals in upper or lower
compartments does not affect the magnitude of observed albumin leakage. Also, we
have concluded, with our total series of more than two thousand exposed animals,
that there is no difference in the sensitivity to EMF exposure between male and
female animals as far as albumin leakage is concerned.

Our initial findings of albumin leakage have been repeated by others,48) with 900
MHz exposure of rats for 4 hours at brain power densities ranging from 0.3 to 7.5
W/kg. Another group, working in Bordeaux, and led by Prof Pierre Aubineau, has
also demonstrated evidence of albumin leakage in rats exposed for 2 hours to GSM-
900 MHz at non-thermal SAR-values of 0.12, 0.5 and 2.0 W/kg, using fluorescein-
labelled proteins. The results were presented at two meetings49) and are very similar
to ours, described above.

Support for our findings that low intensity GSM 900 MHz electromagnetic fields
influence the BBB is also found in the in vitro proteomic studies on a human en-
dothelial cell line by the group of Leszcynski.50),51)

§4. Neuronal damage

Our consistent findings of albumin passage over the BBB and spread in the
surrounding brain tissue with albumin uptake in the cytoplasm of neurons and glial
cells brought up the question whether this might lead to neuronal damage.

In a series of experimental situations, neuronal degeneration has been observed
in areas with BBB disruption and it has been suggested that BBB leakage is the
major reason for nerve cell injury such as that seen in dark neurons.52)

It has also been observed after intracarotid infusion of hyperosmolar solutions in
rats;53) in the stroke-prone hypertensive rat;52) and after acute hypertension by aortic
compression in rats.55) Further, epileptic seizures cause extravasation of plasma into
brain parenchyma.54) The cerebellar Purkinje cells are heavily exposed to plasma
constituents and degenerate in epileptic patients.55) This effect may, however, as

Fig. 5. Left: A rat in the upper exposure tray of a TEM-cell for 915 MHz microwaves. Right:

Block diagram of the 4 TEM-cell arrangement used in the experiments in Lund. A microwave

power generator is used for feeding the TEM-cells. A power splitter divides the power form

the RF generator into equal parts that are fed to each TEM-cell. The output from the cells is

terminated in a 50 Ohm dummy load.
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well be attributed to hypoxia. It has been postulated that albumin is the most likely
neurotoxin in serum.56)

In order to seek for neuronal damage in our experimental model, we exposed
Fischer 344 rats for 2 hours with non-thermal GSM at SAR values 120, 12 and 1.2
mW/kg.7) We made the remarkable observation that a significant (p<0.002) neuronal
damage is seen in rat brains 50 days after such an exposure.

It is notable, that we see areas in hippocampus and cortex of exposed animals
where the cytoplasm of neurons are filled with autologous albumin while neighbour-
ing neurons display the shrunken and dark state of a “dark neuron” which is a very
sick or dying neuron. It may be so that the leakage of albumin out in the neuropil
starts a deleterious process whereby more albumin leaks through the endothelium
and finally becomes too heavy a burden for the affected neurons. Hassel et al.57)

have demonstrated that injection of albumin into the brain parenchyma of rats gives
rise to neuronal damage. When 25 micro litres of rat albumin is infused into rat
neostriatum, 10 and 30, but not 3 mg/ml albumin causes neuronal cell death and
severe axonal damage. It also causes leakage of endogenous albumin in and around
the area of neuronal damage.

Findings similar to ours in the animals sacrificed late after exposure have been
reported in Wistar rats.58) Twenty-two female rats were exposed to a 900 MHz
electromagnetic GSM near-field signal for one hour a day for seven days. The peak
specific absorption rate (SAR) of the brain was 2 W/kg. This resulted in scattered
and grouped dark neurons in the cortex, hippocampus and basal ganglia, mixed in
among normal neurons with distributions of scores significantly different between
the control and the GSM exposure group (p< 0.01).

In continued work we have proven our own finding from 2003 — in a study of 96
non-anaesthetized rats which were exposed or sham exposed for a duration of 2 hours
at specific absorption rates (SAR) of 120, 12, 1.2 and now also 0.12mW/kg. The
extravasation of albumin, uptake into neurons and occurrence of damaged neurons
were assessed 14 or 28 days later. Albumin extravasation and uptake into neurons
was significantly enhanced after 14 days, but not after 28. The occurrence of dark
neurons, on the other hand, was significantly enhanced only after 28 days. After 28
days, neuronal albumin uptake was significantly correlated to occurrence of damaged
neurons.8)

In ongoing and recently completed experimental work, we have studied lifelong
exposure to GSM 900 as well as the effects of short term exposure to GSM 900 and
1800 in living rats. Lifelong exposure to microwaves seems to be the future of the
young generation. Therefore, we have studied male and female Fischer 344 rats,
exposed for 2 hours to GSM 900, and sham exposed in our TEM-cells once a week
for 13 months. After this they were studied for cognitive functions and compared to
cage controls. Significant effects of exposure upon episodic memory function have
been demonstrated and published.9) In short, the cognitive functions were evaluated
in the episodic-like memory test. The GSM-exposed rats had significantly impaired
memory for objects and their temporal order of presentation (p=0.02). The detec-
tion of a place in which an object was presented, that is the spatial memory function,
was not affected by the GSM exposure. In rats, hippocampus is involved in aspects
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comparable to human declarative memory, and is seems possible that the reduced
memory functions that we observed are correlated to hippocampal alterations in-
duced by the mobile phone exposure. Also, temporal order memory, depending on
cortical areas such as the perirhinal cortex in the medial temporal lobe, the prefrontal
cortex and the interaction between these areas, might explain the reduced temporal
order memory of the GSM exposed rats. Finally, after the memory tests had been
performed, all animals were sacrificed and the brains are now under examination for
albumin leakage, neuronal and glial damage and other signs of pathology.

The possibility that microwaves may affect our DNA has received increased at-
tention since recent epidemiological studies indicate that long term exposure (10
years mobile phone use) increases the risk for developing tumours in the exposed
brain hemisphere, both the benign vestibular schwannoma arising from the balance
nerve and the highly malignant glioblastoma multiforme.36),37),59) Regarding the de-
velopment of vestibular schwannoma, the relative risk seen ten years after the start of
mobile phone use, was 1.9 (with confidence interval 0.9-4.1).59) When only tumours
occurring at the same side of the head as the mobile phone had been normally used,
the relative risk increased to 3.9 (with confidence interval 1.6-9.5). In a pooled anal-
ysis of case-controlled studies on malignant brain tumours, cumulative life use of >
2, 000 hours of mobile phoning revealed an odds ratio of 3.7 (confidence interval of
1.7-7.7).60)

Studies of gene expression patterns in the living animal may elucidate also other
aspects such as effects on genes involved in membrane transport and other basal
functions of the living cell in situ.

In collaboration with Belyaev and his group we have exposed rats for 6 hours to
GSM-900 RFs at SARs of 0.4mW/kg and investigated the genetic expression from
cerebellar tissue. Alterations of genes encoding proteins for BBB functions were
observed.10)

We have now studied whether 6 hours of exposure to the radiation from a GSM
mobile phone at 30mW/kg has an effect upon the gene expression pattern in rat
brain cortex and hippocampus — areas where we have observed albumin leakage
from capillaries into neurons and neuronal damage. Microarray analysis of 31 099
rat genes, including splice variants, was performed in cortex and hippocampus of
8 Fischer 344 rats, 4 animals exposed to GSM for mobile communications electro-
magnetic fields for 6 hours in an anechoic chamber and 4 controls kept for the same
length of time in the same anechoic chamber without exposure. Gene ontology anal-
ysis of the differentially expressed genes of the exposed animals versus the control
group revealed interesting differences between exposed animals and controls. Genes
of interest for membrane transport show highly significant differences.11) This may
be of importance in conjunction with our earlier findings of albumin leakage into
neurons around capillaries in exposed animals and has also lead us to look into the
mechanisms behind these effects — see below under DNA Transcription process,
Solitons and Microwaves.
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§5. Mechanisms behind the effects of electromagnetic fields upon
biology

5.1. Interaction of ELF with calcium metabolism

Beyond what is described above, we have also performed experiments where an
increase of the Ca2+-efflux over plasma membranes has been observed in plasma
vesicles from spinach exposed to ELF.13)

We could show that suitable combinations of static and time varying magnetic
fields directly interact with the Ca2+-channel protein in the cell membrane, and we
could quantitatively confirm the model proposed by Blanchard.61)

Calcium has many important roles in all living organisms. Apart from its struc-
tural role in, for example, bone matrix, plant cell walls, and in stabilizing membranes,
it plays an essential role in cellular homeostasis, most notably as an intracellular
messenger.62) The free Ca2+ concentration in the cytosol is strictly kept at 0.1-0.2
μM, which is much lower than that found in the intracellular Ca2+-stores or the
extra-cellular space. The cytosolic free Ca2+ ion concentration has influence upon
growth and development of the organism and its daily functions as well as death in
apoptosis.62)

It has been suggested that the mechanism underlying alterations of Ca2+-fluxes
involves inducible changes of both static and time varying magnetic fields.63 The
studies of the effects on Ca2+-influx over cell membranes are of importance in the
perspective of human health, considering the crucial role of Ca2+-flux played in
cellular communications.

The mechanism, by which magnetic fields might interact with biological systems,
has been called magnetoreception. Different models try to provide the theoretical
framework explaining how this is made possible, and these models are also important
for future model-guided investigations of the magnetoreception.

In order to explore the mechanism for possible biological effects of the enhanced
ELF radiation environment, we investigated how the transport of Ca2+ ions over the
membrane of spinach plasma vesicles varies with frequency and amplitude of ELF
magnetic field exposure. Bauréus-Koch et al.13) studied the calcium flux through
calcium channels in highly purified plasma membranes of spinach (Spinacia oleracea
L.).13)

A bio-resonance phenomenon was found where appropriate combinations of fre-
quency and amplitude have the potency to affect bio-membranes and their Ca2+ -ion
transport systems at various degrees and directions. With a static magnetic field
BDC = 37.0 ± 0.5 μT we found resonances of BAC = 25.9 ± 0.3 μT (peak), at the
frequencies of 7, 21, 24, and 31 Hz. The Ca2+ -ion efflux ratio at those exposure
conditions appears to deviate significantly compared to that of sham exposures.13)

Three Gaussian peaks with the same width of 2.5±0.4 Hz could be fitted through
the data points with peaks at the frequencies 20.9±0.3, 25.4±0.4, and 30.2±0.5 Hz
with a χ2 value of 6.0. These frequencies correspond well to the resonance frequencies
20.7 Hz (Mnion, n = 1) 25.2 Hz (45Caion, n = 1), and 31.1 Hz (Mnion, n = 1),
respectively.13)
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With our Ca2+-efflux studies over plasma membranes as a basis, our research
was further extended into the field of magnetic resonance models; mainly the Ion
Parametric Resonance (IPR) Model as proposed by Lednev;64),65) in an attempt to
explain the occurrence of resonance frequencies. In short, Lednev’s model considers
the polarization of the oscillation of an ion bound to a protein in a combination of
static and time-varying magnetic fields.

In our studies of spinach vesicles, the calcium flux was modified at frequencies
that corresponded to resonance frequencies for non-hydrated ions of 40Ca2+ , Mn2+

and Mn3+. The resonance frequencies were linearly related to the strength of the
static magnetic field applied. The resonance frequency of 24 Hz could be attributed
to 45Ca2+ (n = 1) or 24Mg++ (n = 2). Lednev64) predicts an amplitude dependence
that follows the Bessel functions.

In our experiments, we concluded that the resonance could be attributed to
45Ca2+. However, as in the experiments performed by Blackman,66) a factor of two
had to be included in the argument of the Bessel function.

In 1996, Lednev65) modified his model, in order to avoid some of the problems
identified in the original theory.67) In this modified version the amplitude window is
described by the square of the Bessel functions. A fit to our data13) demonstrates
that the factor of two is not required as previously to fit the experimental data to
the theory.

Taken together, our experimental results of the interaction of ELF magnetic
fields with Calcium bound to proteins in the cell membrane fit extremely well with
quantum mechanical interaction models.61),63),68) Thus, we have shown that ELF
magnetic fields interact with Calcium and Manganese ions in plasma membranes at
specific frequencies in accordance to a quantum mechanical interaction model.13)

The search for the mechanisms behind the effect of electromagnetic interac-
tions with biological systems has continued. Another way to address the issue, as
compared to our model with the purified membrane system, with theoretical, phys-
ical models as a basis, is the biological examination of signalling pathways possibly
affected by magnetic fields. As has been shown by Sun et al.,68) a possible mech-
anism for the bioeffects produced by ELF-EMF exposure could be protein tyrosine
phosphorylation. 50 Hz power-frequency magnetic fields could activate the stress-
activated protein kinase (SAPK),70) however, not through the phosphorylation of the
upstream kinase of SAPK (SEK1/MKK4).71) Noise MF with certain intensity could
inhibit the biological effect induced by 50 Hz MF, as seen by the reduced activa-
tion of SAPK when noise and 50 Hz exposures were applied simultaneously.72) With
continued research of this kind, a mosaic of EMF target proteins might crystallize.

§6. Transmembral transportation — Solitons and microwaves

A major portion of this paper dwells on the passage of albumin from the brain
capillaries out into the surrounding brain and the cytoplasm of neurons and astro-
cytes, and the remarkable observation that it is the lowest energy levels that give
rise to the most pronounced albumin leakage.

The mechanisms by which the EMFs may alter BBB permeability are not well
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understood. At low field strengths, the effects on body temperature are negligible
and thus heating effects are not involved. It has been suggested that physicochemical
characteristics of membranes are changed.12) One of the great pioneers in the field,
Ross Adey discussed the mechanisms behind a possible direct, non-thermal effect
of RF radiation upon the central nervous system. He studied amplitude-modulated
radiofrequency fields and suggested in 1988 that co-operative processes in the cell
membrane might be reactive to the low energy of an electromagnetic field. This
oscillating field might result in changes of the membrane potential.74)

The question might find an answer within a theory which we hereby bring for-
ward

– the possible soliton function in membranes.
The word soliton emanates from John Scott Russell’s observation of the solitary

wave
In 1834, while conducting experiments to determine the most efficient design

for canal boats, this young Scottish engineer made a remarkable scientific discovery,
which he described in his “Report on Waves” after his first sighting of a soliton or
solitary wave, by Russell called a “Wave of Translation” on the Union Canal near
Edinburgh.73)

The migration of soliton energy in molecular systems was first considered by
Davydov and Kisluka75) by the use of a quantum coherent wave theory. Solitons
were considered important for energy transfer and storage in biological structures,
as described by Davydov76) and then by Fröhlich,77) as coherent dipolar propagating
waves. These applications of quantum field theory to biological systems inspired
many theoretical physicists to study biological systems with a special interest fo-
cused upon tubulin. This filamentous protein is a fundamental building block of the
cytoskeleton matter.78),79) Microtubules are important components of the cytoskele-
ton, responsible for cellular organization and information processing.80) Microtubules
of the neurons in the brain might be active components of brain functioning and
information processing. Endogenous electromagnetic waves are considered to be
moving in the cavity of the microtubules, transporting and carrying information.
The relevant mechanism of electromagnetic wave interaction has been suggested
to be spontaneous breakdown of symmetry in the biological, well ordered struc-
tures. Such interaction occurs with the dipole moments of the molecules in the brain
microtubules.79)

Abdalla et al.81) studied the problem of information propagation in the brain mi-
crotubules, considering propagation of electromagnetic waves in a fluid of permanent
electric dipoles. The problem reduces to sine-Gordon wave equation in one space and
one time dimension. The energy balance of the voltage along with the neuronal pro-
jection and the microtubule z-axis, results in generation of solitons and propagation
of kinks or anti-kinks along the microtubule proto-filaments. The tubulin tails are
coupled to the dipoles of nearby water molecules at the microtubule surface and the
change of their conformational status at the place of the soliton twist. The standing
breather swinging at certain tubulin tail (or breather formed by 2-3 coupled swinging
tubulin tails) could catalyze microtubule attachment proteins (MAP) and promote
or inhibit the action of kinesin-proteins involved in the microtubule dynamics.82)
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Another interesting result of the work of Abdalla et al.81) is the fact that the
frequency parameters, which showed up in the model, are compatible with the size
of microtubules of brain structures and with the transition period observed for the
so called conformational changes of the tubulin dimer protein (namely 1-100 GHz).

The applications of exogenous, electromagnetic waves in this frequency interval,
that coincide with that we use for wireless communication, interact with the endoge-
nous electromagnetic wave that might result in biological actions. This may be the
mechanism behind our observation of memory impairment in rats exposed to 0.9
GHz microwaves as described above.

Solitons as actors in biology thus have been discussed since the 1970-ies. The
effects in biological membranes have recently been brought to the fore by two re-
searchers at the Niels Bohr Institute in Copenhagen, T. Heimburg and AD Jackson
in their publication: “On soliton propagation in biomembranes and nerves”.83) They
write:”The lipids of biological membranes and intact biomembranes display chain
melting transitions close to temperatures of physiological interest. During this tran-
sition the heat capacity, volume and area compressibilities, and relaxation times all
reach maxima. Compressibilities are thus nonlinear functions of temperature and
pressure in the vicinity of the melting transition, and we show that this feature
leads to the possibility of soliton propagation in such membranes. In particular, if
the membrane state is above the melting transition, solitons will involve changes
in lipid state”. The authors discuss solitons in the context of several properties of
nerve membranes under the influence of the action potential, including mechanical
dislocations and temperature changes.

In a recent paper, the same authors support their hypothesis by pointing out
that the Hodgkin-Huxley model for nerve signal transduction never explained the
function of anesthesia. The soliton model on the other hand might give an answer.
They conclude that anesthetics lower the temperature at which lipids become solid,
making it difficult for the soliton waves to form. This should prevent nerves from
sending pain signals.

It is known that the action of general anaesthetics is proportional to their parti-
tion coefficient in lipid membranes (Meyer-Overton rule). This solubility is, however,
directly related to the depression of the temperature of the melting transition found
close to body temperature in biomembranes. Heimburg and Jackson proposed a
thermodynamic extension of the Meyer-Overton rule, which is based on free energy
changes in the system and thus automatically

incorporates the effects of melting point depression. This model accounts for
the pressure reversal of anaesthesia in a quantitative manner. Further, it explains
why inflammation and the addition of divalent cat-ions reduce the effectiveness of
anesthetics.84) (Charles Overton was professor of pharmacology at Lund University
1907-1930.)

The statement by Heimburg and Jackson is extremely interesting in reference to
an extensive and thorough work on pain perception and electromagnetic fields per-
formed by a research group in London Ontario since the early 1980-ies. (Their work
stimulated our group to visit London Ontario and to join in the field in 1988.) In a
recent review by the group, “Pain perception and electromagnetic fields”, it is con-
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cluded that the effects on pain, nociception (pain sensitivity) and opiate-mediated
analgesia (pain inhibition) constitute one of the most reproducible and reliable ef-
fects of EMFs with observed decrease in pain threshold (Del Seppia et al. 2007).
In early studies on the nociception of rodents, the animals were placed on a metal
surface at a standard temperature (50◦C for mice) and the time taken to respond to
the heat stimulus with a stereotypic averse withdrawal was recorded. The exposure
to a heterogenous time-varying magnetic field resulted in an enhanced basal noc-
turnal sensitivity and reduced levels of morphine induced analgesia in mice. Also
in connection with geomagnetic storms, mice were similarly less responsive to the
analgesic effect of morphine. Further studies, with the land snail Cepaea nemoralis,
showed that continuous EMF exposure induced hyperalgesia in a duration-dependent
manner (at exposure times ranging from 2 hours to 120 hours). It is also pointed
out that the increased pain perception by EMF may be a reason for the increasing
prevalence of pain problems in the modern society. (For further discussion of these
results, see 84).)

With the solid evidence collected from more than 50 publications, most of them
based on studies on the land snail, Cepaea nemoralis but also mice and rats, it
is tempting to give the solitons a chance in the search for, and definition of, the
physiological mechanisms involved.

Exposure to pulsed magnetic fields (MF) has been shown to have a therapeutic
benefit by increasing pain thresholds not only in animals, but also in humans. In
a recent study it was concluded that MF exposure does not affect basic human
perception, but can increase pain thresholds in a manner indicative of an analgesic
response.85)

We suggest that soliton models will be considered in studies on the relation
between pain, anaesthesia and electromagnetic field exposure. Further those models
could be applied to study the effect of EMF field on membrane permeability for
various molecules such as calcium and albumin.

It is striking that the soliton theory also may be instrumental in the explanation
of how the DNA transcription process is possibly influenced by the Microwaves:

§7. DNA Transcription process, solitons and microwaves

The Nishinomiya-Yukawa International & Interdisciplinary Symposium 2007
raised the question: What is Life? An obvious and simple answer could be: It
is DNA!

The DNA strand can be looked upon as an antenna resonating in the microwave
band 6GHz with its harmonics and subharmonics.14)−18) If this holds true, the dra-
matic situation might exist, that all living organisms have a receptor for the newly
constructed and world-wide man-made microwaves, leading to a direct effect upon
the function of DNA — in concordance with our experimental findings!

Screening of gene expression by microarray technology provides new powerful
means for the search for molecular pathways and to elucidate possible molecular
markers of response of brain cells to MWs. However, to our knowledge, only two
studies have been published on the effects of GSM microwaves upon the gene expres-
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sion in the CNS after exposure of the whole organism.10),11) This material was first
presented at the 4th International Workshop, 16-20 October 2006, Crete Greece.87)

Those studies are described above and have shown that 6 hours of exposure to
GSM 900 MW (at the very low SAR value of 0.4 mW/kg) and 1800 MW (at SAR
value 30 mW/kg), to brain cells in vivo gives rise to highly significant alterations of
gene expressions in cerebellar, cortical and hippocampal cells.

These findings are supported by a series of recent publications where the influ-
ence of RF of the type emitted in GSM has been studied in vitro in different cell
cultures, proving effects upon gene expression in cultured human cells88)−90) and rat
neurons91) through non-thermal mechanisms.

In the search for a possible mechanism behind these effects of the man-made
microwaves upon living organisms, we have explored the effects of microwaves on the
DNA/RNA transcription process. In the following we bring forward the possibility
of a soliton mechanism in the interaction between microwaves and the DNA/RNA
transcription process.

§8. The DNA transcription process

The first step in genome expression is DNA transcription from the original DNA
template contained in the cell, is to make a copy — the RNA messenger — which
will then be used as a ‘master copy’ in determining protein sequences in accordance
with the genetic information. The evolutionary advantage of such a messenger is
obvious: in this way, the original DNA is opened — and thus less protected — for
as small a time as possible.92)

In the DNA transcription process, a specialized enzyme (RNA-Polymerase or
RNAP) binds to a specific site of the DNA double helix and unwinds it in a local
region of 15-20 bases, thus creating a “transcription bubble”; the RNAP and the
bubble travel then along the DNA, copying its sequence and producing a RNA-
Messenger to be later used to express genes or replicate the local sequence. This
process requires a very finely tuned coordination of the motion of RNAP — and
production of the RNA-Messenger — with the dynamics of the DNA double chain.
In the active phase of the process, the RNAP proceeds along the DNA chain at a
speed of several tens or hundreds of base pairs per second. Since each base pair is
linked by two or three hydrogen bonds, the energy involved in such a process, even
considering only the one to open (and close) the DNA chain, is of the order of at
least hundred, if not thousand, H bonds per second. This corresponds to about to a
power 300 fW (1 fW = 1 femto-W = 10−15 W).

§9. Solitons hiding in DNA and their role in RNA transcription

In a pioneering paper which appeared in 1980, Englander, Kallenbach, Heeger,
Krumhansl and Litwin suggested that nonlinear excitations in the DNA double chain
could be instrumental in this process and allow the motion of the transcription
bubble to occur at near-zero energy cost. In particular, as the fundamental motion
undergone by DNA nucleotides in this process is a roto/torsional one, they suggested
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Transcription Bubble. A schematic representation of a

transcription bubble in the elongation of an RNA

transcript. Duplex DNA is unwound at the forward end

of RNA polymerase and rewound at its rear end. The

RNA-DNA hybrid rotates during elongation.

(Englander et al., 1980)

Fig. 6. Solitons in transcription.

modelling the DNA molecule as a double chain of coupled pendulums; the relevant
nonlinear excitations would then be (topological) solitons pretty much like those,
well known in the sine-Gordon equation93) (Fig. 6).

Englander et al.93) concluded that precedent for a frequency w, of MHz in double
helices implies extended open segments with (L/l) = 10, compatible with the mobile
defect model hypothesized (Fig. 7). Experimental indications for processes as fast as
GHz exist, but imply very large open structures with (L/1) = 1000. Characteristic
attempt frequencies of MHz, on the other hand, seem to be more reasonable in
terms of hydrodynamic, melting, and NMR data. The overall activation energy for
forming solitons was estimated to 6 kcal/mol which corresponds to (L/l) = 100.93)

The binding energy of individual hydrogen bonds is in the same order of magnitude.
Nonlinear-waves in DNA was suggested by Polozov and Yakushevich94) to be in-

volved in the regulation of transcription.94) Prohofsky95) proposed that the hydrogen-
bond-stretch (HBS) bands of the double helix appear to be nonlinear enough to
support solitary-wave energy concentration. Coupling this fact to predictions of a
self-consistent theory of helix melting gives rise to speculations of a mechanism for
base pair melting in RNA transcription which is consistent with the known energy
needs of that process.95)

Guided by the idea of the order parameter of Landau, Zhou and Zhang96) anal-
ysed the structure and various nonlinear motions in DNA. They argued for the use of
four significant variables, i.e., the conformational, rotational, longitudinal and trans-
verse motions. Several sets of nonlinear discrete equations with more reasonable
Hamiltonian were established, and their solution of small amplitude (phonons) and
large amplitude (soliton or solitary waves) have been given. They speculated in the
possible significant implications in duplication, transcription and drug intercalation
in DNA.96)
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Fig. 7. A mechanical analogue of the DNA double chain, as presented by Englander et al.92) Linear

chains of the bases (here modelled as pendulums, each with a mass m and length h, with a space

in between corresponding to l≈ 3.4Ȧ) are connected by sugar-phosphate backbones (modelled as

springs). One strand of the DNA double helix is able to undergo torsional oscillations (angle θ )

about the sugar-phosphate backbone in the presence of the restoring gravitational force = m∗g.

A) The DNA double helix in its ground state.

B) Soliton excitation mode, with large-amplitude excursion of one of the pendulum. The exci-

tation is spread to the group of pendulums within the range of L.

Gaeta97) suggested that nonlinear excitations could play a role in the process of
DNA transcription, i.e. that the transcription bubble could correspond to a solitary
wave travelling along the chain, which the RNAP could then ‘surf’ in order to access
the base sequence with no energy to provide for opening the double helix. He dis-
cussed the general idea of providing a simple model for a specific DNA process, and
argued that despite the tremendous complexity of the DNA model, this approach is
not bound to fail. Recalling the main features of the model proposed by Yakushevich,
he mentioned some encouraging achievements and several limitations.97)

These limitations, however, more than being inherent to the model, are limi-
tations of the studies conducted so far. It is clear that the model is too simple to
be valid as it is. What is needed is to go ‘one step further’ in the Yakushevich
classification of DNA models, but only a more thorough analysis can focus on the
detailed refinements which are needed.98) In particular, Gaeta97) pointed out several
directions in which he suggested that it is necessary to generalize the model and to
investigate its behaviour, such as considering real nucleic acid base sequences and
microwave thermal effects.



22 L. G. Salford et al.

9.1. Dissociation phase transition in DNA

Bishop, Dauxois, and Peyrard proved the existence of a ‘dissociation’ phase
transition in DNA, considered as a one dimensional system.99)−103) Indeed it models
DNA as a one-dimensional chain, and by singling out one degree of freedom per base
— corresponding to ‘radial’ displacements along the axis joining the two bases of a
pair — that is, the degree of freedom thought to be the most relevant for the process
under study.

Their theory for DNA melting compares successfully to experimental data on the
detailed (spatiotemporal) dynamics of DNA melting. It can predict not only average
quantities, as should anyway be the case with a statistical mechanics approach, but
a spatiotemporal pattern.104)

9.2. DNA and microwave absorption

A nontrivial theory for dsDNA phonons and its associated nonlinear modes is
provided by the Peyrard-Bishop model104) whose Hamiltonian is given by:

HPB =
N∑

i=0

(
P 2

i

2m
+

k

2
(xi+1 − xi)2 + VH(xi)),

VH(y) = U0(exp(−y/λ) − 1)2,

where pi = mvi is the momentum of the ith base pair,
xi is the relative coordinate of displacement at each base pair,
vi its velocity,
k is the harmonic coupling along each of the chains, and
VH refers to the Morse potential representing hydrogen bonds between each base

pair.
Fits to experimental data reveal that the well-depth is about normal room tem-

perature (O(10-2 eV)). In a more realistic Peyrard-Bishop-Dauxois model the spring
constant k is allowed to vary along the double chain to reflect the requisite stacking
energy dependence.105)

In the presence of an electric field oscillating in time but spatially homogeneous
on the length scale of the dsDNA, we make the following replacement, which follows
from standard classical electrodynamics:

pi → pi − qiA (t) /c,

A (t) = −EOc

ω0
sin (ω0t) ,

where
qi is the charge at the ith bond,
A is a component of the vector potential that exhibits solely a time-dependence,
c is the speed of light,
E0 is the amplitude of the incident EM radiation, and
ω0 is its frequency.
The charge could be electronic, or it could be a counter-ion adsorbed from the
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aqueous, ionic solvent. We are primarily interested in small perturbations, with a
view to estimating at what level they become sinister.

Chivantis describes a dsDNA system, with the following Hamiltonian density,
which is the continuum version of the Peyrard-Bishop-Dauxois model.14),105)

HdsDNA =
1
2

[
(1 − Λ (t)) (∂tφ (x, t))2 + c2

D(φ (x, t) (∂xφ (x, t))2
]

+ VH (φ (x, t))

c2
D (φ(x, t)) = c2

0(1 + ρ exp(−2αφ(x, t)))

where
Λ (t) = α2 sin(ω0t)2

α =
√

2βQ2σ2

mω2
0

< 1

cD(φ) refers to the extension proposed by Dauxois.100)

It causes a stiffening of the backbone as the hydrogen bonds fluctuate. This
stiffening reflects the stacking energy dependence of dsDNA. This extension was
found to be crucial in understanding the thermal denaturation of dsDNA

It is important to note that the solvent serves to siphon off energy from the
disturbance in a very sensitive way. Small changes in the coupling to the solvent
bath of phonons affect dramatically the breather modes excited by the EM fields.
Experiments where the coupling between the solvent and a DNA molecule is varied
will be extremely useful in directing the future development of the understanding of
EM effects on the dynamics of DNA.14)

The free energy needed to melt a GC base pair is generally accepted to be 3.5
kcal/mole and that for an AT base pair 1 kcal/mole. If inflow of this amount of energy
occurred, the net energy requirements of transcription would easily be met. The
reason to consider this form of energy transfer to the transcription complex is that
we believe it would involve the nonlinear hydrogen-bond stretch (HBS) modes. The
regime in which the bands of the torsional acoustic (TA) and hydrogen-bondstretch
(HBS) modes of DNA interpenetrate each other has been considered by Golo.16) He
proposes a simple model accommodating the helix structure of DNA and, within
its framework, to find a three-wave interaction between the TA and HBS modes.
This phenomenon is useful for studying the action of microwave radiation on a DNA
molecule. Thus, using Zhang’s mechanism of the interaction between the system
of electric dipoles of a DNA molecule and microwave radiation, he showed that the
latter could bring about torsional vibrations that maintain HBS vibrations.

Microwave radiation would maintain the HBS modes and there is no need for long
exposures of the sample to radiation. Golo16) estimated for the pure experimental
system, the critical power density, 100 mW/cm2, which is by orders of magnitude
larger than that officially prescribed, i.e., at 900 MHz 2W/kg corresponds to 4500
mW/m2 or 0.45 mW/cm2, and at > 2 GHz 10 W/kg corresponds to 10000 mW/m2

or 1 mW/cm2.16) The question is, however, if the theoretically derived limit of 100
mW/cm2 is valid for in vivo exposure conditions. Thus there is still much more
research to be done before we might answer that question.
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§10. Conclusion

The first living organisms arose on Earth when it had existed for 1.5 billion
years. During the following 3 billion years, life on Earth was formed by, and ex-
isted in harmony, with the original physical forces such as gravitation, cosmic ir-
radiation, atmospheric electric fields and the terrestrial magnetism and the cyclic
celestial events. This was the world where evolution resulted in Homo sapiens, “the
wise man”. It took him 200 000 years to reach the level of knowledge where he could
dramatically alter the physical forces on Earth. During the last century the levels of
ELFs and MWs have been hugely increased in our habitat under the ionosphere.

Even if many studies have seen no effects of the EMFs upon biology, an abun-
dance of scientific reports in respected journals have shown significant, though often
weak, effects upon cells in vitro, in experimental animals and also in humans.

If the man made EMFs, such as those utilized in mobile communication, even
at extremely low SAR values, causes the users’ own albumin to leak out through the
BBB, which is meant to protect the brain, also other unwanted and toxic molecules in
the blood, may leak into the brain tissue. There they concentrate in, and damage, the
neurones and glial cells of the brain according to our studies. It cannot be excluded
that this, (especially after many years intense use) may promote the development of
autoimmune and neuro-degenerative diseases!

It is our generation who invented the microwave emitters. We now have an
imperative obligation to further investigate the links between EMF and biology in
order to prevent the possible detrimental effects of the microwaves. The concept of
solitons as active in membranes and RNA-transcription may be one key to open new
paths in the search — a search which must be an imperative not only for researchers
but also for states and organisations world-wide.
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http://stopsmartmeters.org.uk/live-blood-analysis-observable-effects-of-rfmw-
radiation-from-smart-meter/

Live Blood Analysis – Observable Effects 
of RF/MW Radiation from ‘Smart’ Meter
Home Health Effects Live Blood Analysis – Observable Effects of RF/MW 
Radiation from ‘Smart’ Meter 
The following clip is an excerpt from upcoming documentary, Take Back Your Power –
a critical investigation of the Smart Metering phenomenon and Smart Grid. It shows 
observable effects of the RF/MW radiation from a Smart Meter on human blood cells 
using dark-field microscopy.
Please watch and and take action to share this information as widely as possible.
More than 5,000 studies now show RF/MW radiation to be harmful to human biology, 
animals and plants. Acute and chronic exposure to RF (radio-frequency) and MW 
(microwave) radiation can, even at very low power-densities, lead to not only the 
negative health effects shown in this video, but calcium ion damage in cells, endothelial 
cell dysfunction, nitric oxide depletion, oxidative stress, melatonin disruption, blood-
brain-barrier leakage, DNA damage, sperm damage and more.
Glucose metabolism changes within the brain are observable after just minutes of cell 
phone use.
The mechanisms for damage from non-thermal, non-ionising radiation exposure are now 
becoming clear.
Unfortunately, so-called “safety” thresholds maintained in the UK are woefully out of 
date and obsolete, permitting a deluge of highly-profitable, RF-emitting technologies to 
be introduced into our lives. Whilst attempts by campaigners in every country are being 
made to stem and reverse the tide of these environmental toxins, you can take positive 
action to protect yourself and your family by limiting your own exposure to RF and MW-
emitting devices, such as Smart Meters, cell phones, WiFi routers and devices, wireless 
baby monitors, wireless alarm systems, wireless games consoles, etc.
For more information on Smart Meters, visit www.StopSmartMeters.org.uk. To watch 
the Take Back Your Power documentary, from 5 September 2013, visit 
www.StopSmartMeters.org.uk/film
You have the lawful right to refuse a Smart Meter. www.DontSmartMeter.me
Please alert your neighbours, friends and families to this important information.

 



  



http://stopsmartmeters.org.uk/www-scribd-comdoc79928679the-who-iarc-listing-of-rfr-as-a-possible-human-carcinogen/

Email from Dr Robert Baan, the principal author of the 2011 IARC Monograph on the carcinogenicity of radiofrequency 
radiation, in which he interprets the 2B classification of RFR as applicable to all form of RFR exposures, including Smart 
Meters and Wi-Fi:

Subject: EMF Class 2B Classification

Dear Dr Hudson,

Thank you for your message, which was forwarded to me, and to which I would like to respond as follows. The IARC 
Working Group classified “Radiofrequency Electromagnetic Fields” (RF-EMF) as possibly carcinogenic to humans 
(Group 2B). The information that formed the main basis for this evaluation was found in epidemiological studies on cell-
phone use, where a slightly increased risk for glioma (amalignant form of brain cancer) and acoustic neuroma (a non-
cancerous type) was reported among heavy users. There were some indications of increased cancer among radar-
maintenance workers(occupational exposure), but no reliable data from studies among, e.g., people living close to base-
station antennas, radio/TV towers, etc (environmental exposure). Although the key information came from mobile 
telephone use, the Working Group considered that the three types of exposure entail basically the same type of radiation, 
and decided to make an overall evaluation on RF-EMF, covering the whole radiofrequency region of the electromagnetic 
spectrum.In support of this, information from studies with experimental animals showed that effects on cancer incidence 
and cancer latency were seen with exposures to different frequencies within the RF region. So the classification 2B, 
possibly carcinogenic, holds for all types of radiation within the radio frequency part of the electromagnetic spectrum, 
including the radiation emitted by base-station antennas, radio/TV towers, radar, Wi-Fi, smart meters, etc. An important 
point is the radiation level. The exposure from cellular phones (personal exposure) is substantially higher and much more 
focused (usually on the brain) than exposures from radio/tv towers, antennas, or Wi-Fi. I hope this is useful. Thank you for 
your interest in our work. 

Sincerely yours,
Robert A Baan PhD The IARC Monographs IARC, Lyon, FRANCE
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SUMMARY OF FINDINGS

This Report has been prepared to document radiofrequency radiation (RF) 

levels associated with wireless smart meters in various scenarios depicting 

common ways in which they are installed and operated.

The Report includes computer modeling of the range of possible smart meter 

RF levels that are occurring in the typical installation and operation of a 

single smart meter, and also multiple meters in California.  It includes 

analysis of both two-antenna smart meters (the typical installation) and of 

three-antenna meters (the collector meters that relay RF signals from another 

500 to 5000 homes in the area).

RF levels from the various scenarios depicting normal installation and 

operation, and possible FCC violations have been determined based on both 

time-averaged and peak power limits (Tables 1 - 14).

Potential violations of current FCC public safety standards for smart meters 

and/or collector meters in the manner installed and operated in California are 



  
predicted in this Report, based on computer modeling (Tables 10 – 17).

Tables 1 – 17 show power density data and possible conditions of violation 

of the FCC public safety limits, and Tables 18 – 33 show comparisons to 

health studies reporting adverse health impacts.

FCC compliance violations are likely to occur under normal conditions of 

installation and operation of smart meters and collector meters in California.  

Violations of FCC safety limits for uncontrolled public access are identified 

at distances within 6” of the meter.  Exposure to the face is possible at this 

distance, in violation of the time-weighted average safety limits (Tables 10-

11).  FCC violations are predicted to occur at 60% reflection (OET Equation 

10 and 100% reflection (OET Equation 6) factors*, both used in FCC OET 

65 formulas for such calculations for time-weighted average limits.  Peak 

power limits are not violated at the 6” distance (looking at the meter) but can 

be at 3” from the meter, if it is touched.

This report has also assessed the potential for FCC violations based on two 

examples of RF exposures in a typical residence.  RF levels have been 

calculated at distances of 11” (to represent a nursery or bedroom with a crib

or bed against a wall opposite one or more meters); and at 28” (to represent a 

kitchen work space with one or more meters installed on the kitchen wall).

FCC compliance violations are identified at 11” in a nursery or bedroom 

setting using Equation 10* of the FCC OET 65 regulations (Tables 12-13).  

These violations are predicted to occur where there are multiple smart 

meters, or one collector meter, or one collector meter mounted together with 



  
several smart meters.  

FCC compliance violations are not predicted at 28” in the kitchen work 

space for 60% or for 100% reflection calculations.  Violations of FCC public 

safety limits are predicted for higher reflection factors of 1000% and 2000%, 

which are not a part of FCC OET 65 formulas, but are included here to allow 

for situations where site-specific conditions (highly reflective environments, 

for example, galley-type kitchens with many highly reflective stainless steel 

or other metallic surfaces) may be warranted.*
*FCC OET 65 Equation 10 assumes 60% reflection and Equation 6  assumes 100% reflection.   RF levels 
are also calculated in this report to account for some situations where interior environments have highly 
reflective surfaces as might be found in a small kitchen with stainless steel or other metal counters, 
appliances and furnishings. This report includes the FCC’s reflection factors of 60% and 100%, and also 
reflection factors of1000% and 2000% that are more in line with those reported in Hondou, 2001; Hondou, 
2006 and Vermeeren et al, 2010.   The use of a 1000% reflection factor is still conservative in comparison 
to Hondou, 2006.  A 1000% reflection factor is 12% (or 121 times as high) a factor for power density 
compared to Hondou et al, 2006 prediction of 1000 times higher power densities due to reflection.  A 
2000% reflection factor is only 22% (or 441 times) that of Hondou’s finding that power density can be as 
high as 2000 times higher.

In addition to exceeding FCC public safety limits under some conditions of 

installation and operation, smart meters can produce excessively elevated RF 

exposures, depending on where they are installed. With respect to absolute 

RF exposure levels predicted for occupied space within dwellings, or outside 

areas like patios, gardens and walk-ways, RF levels are predicted to be 

substantially elevated within a few feet to within a few tens of feet from the 

meter(s). 

For example, one smart meter at 11” from occupied space produces 

somewhere between 1.4 and 140 microwatts per centimeter squared 

(uW/cm2) depending on the duty cycle modeled (Table 12).  Since FCC 



  
OET 65 specifies that continuous exposure be assumed where the public 

cannot be excluded (such as is applicable to one’s home), this calculation 

produces an RF level of 140 uW/cm2 at 11” using the FCCs lowest

reflection factor of 60%.   Using the FCC’s reflection factor of 100%, the 

figures rise to 2.2 uW/cm2 – 218 uW/cm2, where the continuous exposure 

calculation is 218 uW/cm2 (Table 12).  These are very significantly elevated 

RF exposures in comparison to typical individual exposures in daily life.    

Multiple smart meters in the nursery/bedroom example at 11” are predicted 

to generate RF levels from about 5 to 481 uW/cm2 at the lowest (60%) 

reflection factor; and 7.5 to 751 uW/cm2 using the FCCs 100% reflection 

factor (Table 13).  Such levels are far above typical public exposures.

RF levels at 28” in the kitchen work space are also predicted to be 

significantly elevated with one or more smart meters (or a collector meter 

alone or in combination with multiple smart meters).   At 28” distance, RF 

levels are predicted in the kitchen example to be as high as 21 uW/cm2 from 

a single meter and as high as 54.5 uW/cm2 with multiple smart meters using 

the lower of the FCCs reflection factor of 60% (Table 14).  Using the FCCs 

higher reflection factor of 100%, the RF levels are predicted to be as high as 

33.8 uW/cm2 for a single meter and as high as 85.8 uW/cm2 for multiple 

smart meters (Table 14).  For a single collector meter, the range is 60.9 to 

95.2 uW/cm2 (at 60% and 100% reflection factors, respectively) (from 

Table 15).

Table 16 illustrates predicted violations of peak power limit (4000 uW/cm2) 

at 3” from the surface of a meter.  FCC violations of peak power limit are 

predicted to occur for a single collector meter at both 60% and 100% 



  
reflection factors.  This situation might occur if someone touches a smart 

meter or stands directly in front.

Consumers may also have already increased their exposures to 

radiofrequency radiation in the home through the voluntary use of wireless 

devices (cell and cordless phones), PDAs like BlackBerry and iPhones, 

wireless routers for wireless internet access, wireless home security systems, 

wireless baby surveillance (baby monitors), and other emerging wireless 

applications.

Neither the FCC, the CPUC, the utility nor the consumer know what portion 

of the allowable public safety limit is already being used up or pre-empted 

by RF from other sources already present in the particular location a smart 

meter may be installed and operated.

Consumers, for whatever personal reason, choice or necessity who have 

already eliminated all possible wireless exposures from their property and 

lives, may now face excessively high RF exposures in their homes from 

smart meters on a 24-hour basis.  This may force limitations on use of their 

otherwise occupied space, depending on how the meter is located, building 

materials in the structure, and how it is furnished.

People who are afforded special protection under the federal Americans with 

Disabilities Act are not sufficiently acknowledged nor protected.  People 

who have medical and/or metal implants or other conditions rendering them 

vulnerable to health risks at lower levels than FCC RF limits may be 

particularly at risk (Tables 30-31).  This is also likely to hold true for other 



  
subgroups, like children and people who are ill or taking medications, or are 

elderly, for they have different reactions to pulsed RF.  Childrens’ tissues 

absorb RF differently and can absorb more RF than adults (Christ et al, 

2010; Wiart et al, 2008). The elderly and those on some medications respond 

more acutely to some RF exposures.  

Safety standards for peak exposure limits to radiofrequency have not been 

developed to take into account the particular sensitivity of the eyes, testes 

and other ball shaped organs.   There are no peak power limits defined for 

the eyes and testes, and it is not unreasonable to imagine situations where 

either of these organs comes into close contact with smart meters and/or 

collector meters, particularly where they are installed in multiples (on walls 

of multi-family dwellings that are accessible as common areas).  

In summary, no positive assertion of safety can be made by the FCC, nor 

relied upon by the CPUC, with respect to pulsed RF when exposures are 

chronic and occur in the general population. Indiscriminate exposure to 

environmentally ubiquitous pulsed RF from the rollout of millions of new 

RF sources (smart meters) will mean far greater general population 

exposures, and potential health consequences.  Uncertainties about the 

existing RF environment (how much RF exposure already exists), what kind 

of interior reflective environments exist (reflection factor), how interior 

space is utilized near walls), and other characteristics of residents (age, 

medical condition, medical implants, relative health, reliance on critical care 

equipment that may be subject to electronic interference, etc) and 

unrestrained access to areas of property where meter is located all argue for 

caution.



  
INTRODUCTION

How Smart Meters Work

This report is limited to a very simple overview of how smart meters work, 

and the other parts of the communication system that are required for them 

to transmit information on energy usage within a home or other building.  

The reader can find more detailed information on smart meter and smart grid 

technology from numerous sources available on the Internet.

Often called ‘advanced metering infrastructure or AMI’, smart meters are a 

part of an overall system that includes a) a mesh network or series of 

wireless antennas at the neighborhood level to collect and transmit wireless 

information from all the smart meters in that area back to a utility.

The mesh network (sometimes called a distributed antenna system) requires 

wireless antennas to be located throughout neighborhoods in close proximity 

to where smart meters will be placed.  Often, a municipality will receive a 

hundred or more individual applications for new cellular antenna service, 

which is specifically to serve smart meter technology needs.  The 

communication network needed to serve smart meters is typically separate 

from existing cellular and data transmission antennas (cell tower antennas).  

The mesh network (or DAS) antennas are often utility-pole mounted.    This 

part of the system can spread hundreds of new wireless antennas throughout 

neighborhoods.



  
Smart meters are a new type electrical meter that will measure your energy 

usage, like the old ones do now.  But, it will send the information back to the 

utility by wireless signal (radiofrequency/microwave radiation signal) 

instead of having a utility meter reader come to the property and manually 

do the monthly electric service reading.  So, smart meters are replacements 

for the older ‘spinning dial’  or analog electric meters.  Smart meters are not 

optional, and utilities are installing them even where occupants do not want 

them.

In order for smart meters to monitor and control energy usage via this 

wireless communication system, the consumer must be willing to install

power transmitters inside the home.  This is the third part of the system and 

involves placing power transmitters  (radiofrequency/microwave radiation 

emitting devices) within the home on each appliance.  A power transmitter is 

required to measure the energy use of individual appliances (e.g., washing 

machines, clothes dryers, dishwashers, etc) and it will send information via 

wireless radiofrequency signal back to the smart meter.  Each power 

transmitter handles a separate appliance.  A typical kitchen and laundry may 

have a dozen power transmitters in total.  If power transmitters are not 

installed by the homeowner, or otherwise mandated on consumers via 

federal legislation requiring all new appliances to have power transmitters 

built into them, then there may be little or no energy reporting nor energy 

savings.

Smart meters could also be installed that would operate by wired, rather than 

wireless means.  Shielded cable, such as is available for cable modem (wired 

internet connection) could connect smart meters to utilities.  However, it is 



  
not easy to see the solution to transmit signals from power transmitters 

(energy use for each appliance) back to the utility. 

Collector meters are a special type of smart meter that can serve to collect 

the radiofrequency/microwave radiation signals from many surrounding 

buildings and send them back to the utility.  Collector meters are intended to 

collect and re-transmit radiofrequency information for somewhere between 

500-5000 homes or buildings.  They have three operating antennas 

compared to two antennas in regular smart meters.  Their radiofrequency 

microwave emissions are higher and they send wireless signal much more 

frequently.  Collector meters can be place on a home or other building like 

smart meters, and there is presently no way to know which a homeowner or 

property owner might receive.

Mandate

The California Public Utilities Commission has authorized California’s 

investor-owned utilities (including Pacific Gas & Electric, Southern 

California Edison Company and San Diego Gas & Electric) to install more 

than 10 million new wireless* smart meters in California, replacing existing 

electric meters as part of the federal SmartGrid program. 

The goal is to provide a new residential energy management tool. It is 

intended to reduce energy consumption by providing computerized 

information to customers about what their energy usage is and how they 

might reduce it by running appliances during ‘off-time’ or ‘lower load’ 



  
conditions. Presumably this will save utilities from having to build new 

facilities for peak load demand.  Utilities will install a new smart meter on 

every building to which electrical service is provided now. In Southern 

California, that is about 5 million smart meters in three years for a cost of 

around $1.6 billion dollars. In northern California, Pacific Gas & Electric is 

slated to install millions of meters at a cost of more than $2.2 billion dollars. 

If consumers decide to join the program (so that appliances can report 

energy usage to the utility), they can be informed about using energy during 

off-use or low-use periods, but only if consumers also agree to install 

additional wireless power transmitters on appliances inside the home.  Each 

power transmitter is an additional source of pulsed RF that produces high 

exposures at close range in occupied space within the home.

“Proponents of smart meters say that when these meters are teamed 
up with an in-home display that shows current energy usage, as well 
as a communicating thermostat and software that harvest and analyze 
that information, consumers can see how much consumption drives 
cost -- and will consume less as a result. Utilities are spending 
billions of dollars outfitting homes and businesses with the devices, 
which wirelessly send information about electricity use to utility 
billing departments and could help consumers control energy use.” 

Wall Street Journal, April 29, 2009.

The smart meter program is also a tool for load-shedding during heavy 

electrical use periods by turning utility meters off remotely, and for reducing 

the need for utility employees to read meter data in the field.

Purpose of this Report



  
This Report has been prepared to document radiofrequency radiation (RF) 

levels associated with wireless smart meters in various scenarios depicting 

common ways in which they are installed and operated.

The Report includes computer modeling of the range of possible smart meter 

RF levels that are occurring in the typical installation and operation of a 

single smart meter, and also multiple meters in California.  It includes 

analysis of both two-antenna smart meters (the typical installation) and of 

three-antenna meters (the collector meters that relay RF signals from another 

500 to 5000 homes in the area).

RF levels from the various scenarios depicting normal installation and 

operation, and possible FCC violations have been determined based on both 

time-averaged and peak power limits (Tables 1 - 14).

Potential violations of current FCC public safety standards for smart meters 

and/or collector meters in the manner installed and operated in California are 

illustrated in this Report, based on computer modeling (Tables 10 – 17).

Tables which present data, possible conditions of violation of the FCC 

public safety limits, and comparisons to health studies reporting adverse 

health impacts are summarized (Tables 18 – 33).

The next section describes methodology in detail, but generally this Report 

provides computer modeling results for RF power density levels for these 

scenarios, analysis of whether and under what conditions FCC public safety 



  
limit violations may occur, and comparison of RF levels produced under 

these scenarios to studies reporting adverse health impacts with chronic 

exposure to low-intensity radiofrequency radiation at or below levels 

produced by smart meters and collector meters in the manner installed and 

operated in California.

1) Single ‘typical’ meter - tables showing RF power density at 
increasing distances in 0.25’ (3”) intervals outward for single 
meter (two-antenna meter).  Effects of variable duty cycles (from 
1% to 90%) and various reflection factors (60%, 100%, 1000% 
and 2000%) have been calculated.

2) Multiple ‘typical’ meters - tables showing RF power density at 
increasing distances as above.

3) Collector meter - tables showing RF power density related to a 
specialized collector meter which has three internal antennas (one 
for every 500 or 5000 homes) as above.

4) Collector meter - a single collector meter installed with multiple 
‘typical’ two-antenna meters as above.

5) Tables are given to illustrate the distance to possible FCC 
violations for time-weighted average and peak power limits (in 
inches).

6) Tables are given to document RF power density levels at various 
key distances (11” to a crib in a bedroom; 28” to a kitchen work 
area; and 6” for a person attempting to read the digital readout of 
a smart meter, or inadvertently working around a meter.

7) Tables are given to compare RF power density levels with studies 
reporting adverse health symptoms and effects (and those levels 
of RF associated with such health effects).

8) Tables are given to compare smart meter and collector meter RF 
to BioInitiative Report recommended limit (in feet).

Framing Questions

In view of the rapid deployment of smart meters around the country, and the 

relative lack of public information on their radiofrequency (RF) emission 



  
profiles and public exposures, there is a crucial need to provide independent 

technical information.  

There is very little solid information on which decision-makers and the 

public can make informed decisions about whether they are an acceptable 

new RF exposure, in combination with pre-existing RF exposures.

On-going Assessment of Radiofrequency Radiation Health Risks

The US NIEHS National Toxicology Program nominated radiofrequency

radiation for study as a carcinogen in 1999.    Existing safety limits for 

pulsed RF were termed “not protective of public health” by the 

Radiofrequency Interagency Working Group (a federal interagency working 

group including the FDA, FCC, OSHA, the EPA and others).   Recently, the 

NTP issued a statement indicating it will complete its review by 2014 

(National Toxicology Program, 2009).   The NTP radiofrequency radiation 

study results have been delayed for more than a decade since 1999 and very 

little laboratory or epidemiological work has been completed.   Thus, he 

explosion of wireless technologies is producing radiofrequency radiation 

exposures over massive populations before questions are answered by 

federal studies about the carcinogenicity or toxicity of low-intensity RF such 

as are produced by smart meters and other SmartGrid applications of 

wireless.  The World Health Organization and the International Agency for 

Research on Cancer have not completed their studies of RF (the IARC WHO 

RF Health Monograph is not expected until at least 2011). In the United 

States, the National Toxicology Program listed RF as a potential carcinogen 

for study, and has not released any study results or findings a decade later.  



  
There are no current, relevant public safety standards for pulsed RF 

involving chronic exposure of the public, nor of sensitive populations, nor of 

people with metal and medical implants that can be affected both by 

localized heating and by electromagnetic interference (EMI) for medical 

wireless implanted devices.

Considering that millions of smart meters are slated to be installed on 

virtually every electrified building in America, the scope of the question is 

large and highly personal.  Every family home in the country, and every 

school classroom – every building with an electric meter – is to have a new 

wireless meter – and thus subject to unpredictable levels of RF every day.

1) Have smart meters been tested and shown to comply with FCC 

public safety limits (limits for uncontrolled public access)?

2) Are these FCC public safety limits sufficiently protective of public 

health and safety?  This question is posed in light of the last thirty 

years of international scientific investigation and public health 

assessments documenting the existence of bioeffects and adverse 

health effects at RF levels far below current FCC standards. The 

FCC’s standards have not been updated since 1992, and did not 

anticipate nor protect against chronic exposures (as opposed to acute 

exposures) from low-intensity or non-thermal RF exposures, 

particularly pulsed RF exposures.

3) What demonstration is there that wireless smart meters will comply 

with existing FCC limits, as opposed to under strictly controlled 



  
conditions within government testing laboratories?

4) Has the FCC been able to certify that compliance is achievable under 

real-life use conditions including, but not limited to:

• In the case where there are both gas and electric meters on the 

home located closely together.

• In the case where there is a "bank" of electric and gas meters, 

on a multi-family residential building such as on a 

condominium or apartment building wall.  There are instances 

of up to 20 or more meters located in close proximity to

occupied living space in the home,in the classroom or other 

occupied public space.

• In the case where there is a collector meter on a home that 

serves the home plus another 500 to 5000 other residential units 

in the area, vastly increasing the frequency of RF bursts.

• In the case where there is one smart meter on the home but it 

acts as a relay for other local neighborhood meters. What about 

'piggybacking' of other neighbors’ meters through yours? How 

can piggybacking be reasonably estimated and added onto the 

above estimates? 

• What about the RF emissions from the power transmitters?   

Power transmitters installed on appliances (perhaps 10-15 of 



  
them per home) and  each one is a radiofrequency radiation 

transmitter.

• How can the FCC certify a system that has an unknown number of 

such transmitters per home, with no information on where they are 

placed? 

• Where people with medical/metal implants are present? 

(Americans with Disabilities Act protects rights)

5) What assessment has been done to determine what pre-existing 

conditions of RF exposure are already present.  On what basis can 

compliance for the family inside the residence be assured, when there 

is no verification of what other RF sources exist on private property?

How is the problem of cumulative RF exposure properly assessed 

(wireless routers, wireless laptops, cell phones, PDAs, DECT or 

other active-base cordless phone systems, home security systems, 

baby monitors, contribution of AM, FM, television, nearby cell 

towers, etc).

6) What is the cumulative RF emissions worst-case profile? Is this 

estimate in compliance?

7) What study has been done for people with metal implants* who 

require protection under Americans with Disabilities Act?  What is 

known about how metal implants can intensity RF, heat tissue and 

result in adverse effects below RF levels allowed for the general 

public. What is known about electromagnetic interference (EMI) 

from spurious RF sources in the environment (RFID scanners, cell 



  
towers, security gates, wireless security systems, wireless 

communication devices and routers, wireless smart meters, etc)

*Note: There are more than 20 million people in the US who need special protection against such 
exposures that may endanger them. High peak power bursts of RF may disable electronics in some critical 
care and medical implants. We already have reports of wireless devices disabling deep brain stimulators in 
Parkinson's patients and there is published literature on malfunctions with critical care equipment.

PUBLIC SAFETY LIMITS FOR RADIOFREQUENCY RADIATION

The FCC adopted limits for Maximum Permissible Exposure (MPE) are 

generally based on recommended exposure guidelines published by the 

National Council on Radiation Protection and Measurements (NCRP) in 

"Biological Effects and Exposure Criteria for Radiofrequency 

Electromagnetic Fields," (NCRP, 1986).

In the United States, the Federal Communications Commission (FCC) 

enforces limits for both occupational exposures (in the workplace) and for 

public exposures.   The allowable limits are variable, according to the 

frequency transmitted. Only public safety limits for uncontrolled public 

access are assessed in this report.

Maximum permissible exposures (MPE) to radiofrequency electromagnetic 

fields are usually expressed in terms of the plane wave equivalent power 

density expressed in units of milliwatts per square centimeter (mW/cm2) or 

alternatively, absorption of RF energy is a function of frequency (as well as 



  
body size and other factors).  The limits vary with frequency.  Standards are 

more restrictive for frequencies at and below 300 MHz.  Higher intensity RF 

exposures are allowed for frequencies between 300 MHz and 6000 MHz 

than for those below 300 MHz.

In the frequency range from 100 MHz to 1500 MHz, exposure limits for 

field strength and power density are also generally based on the MPE limits 

found in Section 4.1 of "IEEE Standard for Safety Levels with Respect to 

Human Exposure to Radio Frequency Electromagnetic Fields, 3 kHz to 300 

GHz," ANSI/IEEE C95.1-1992 ( IEEE, 1992, and approved for use as an 

American National Standard by the American National Standards Institute 

(ANSI).   

US Federal Communications Commission (FCC) Exposure Standards
Table 1, Appendix A FCC LIMITS FOR MAXIMUM PERMISSIBLE 
EXPOSURE (MPE) 

(A) Limits for Occupational/Controlled Exposure 

Frequency Electric Field Magnetic Field Power Density Averaging
Range (MHz) Strength (E) Strength (H) (S) Time [E]2 [H]2

(V/m) (A/m) (mW/cm2) or S (minutes)

0.3-3.0 614 1.63 (100)* 6
3.0-30 1842/f 4.89/f (900/f2)* 6
30-300 61.4 0.163 1.0 6
300-1500 f/300 6

1500-100,000 5 6

B) FCC Limits for General Population/Uncontrolled Exposure 

Frequency Electric Field Magnetic Field Power Density Averaging
Range (MHz) Strength (E) Strength (H) (S) Time [E]2 [H]2

(V/m) (A/m) (mW/cm2) or S (minutes)



  
0.3-3.0 614 1.63 (100)* 30
3.0-30 824/f 2.19/f (180/f2)* 30
30-300 27.5 0.073 0.2 30
300-1500 --            -- f/1500 30

1500-100,000 --            -- 1.0 30

________________________________________________________________________
f = frequency in MHz *Plane-wave equivalent power density 

NOTE 1: Occupational/controlled limits apply in situations in which persons are exposed as a 
consequence of their employment provided those persons are fully aware of the potential for exposure 
and can exercise control over their exposure. Limits for occupational/controlled exposure also apply in 
situations when an individual is transient through a location where occupational/controlled limits apply 
provided he or she is made aware of the potential for exposure. 

NOTE 2: General population/uncontrolled exposures apply in situations in which the general public may 
be exposed, or in which persons that are exposed as a consequence of their employment may not be fully 
aware of the potential for exposure or can not exercise control over their exposure.                Source: FCC 
Bulletin OET 65 Guidelines, page 67 OET, 1997.



  
In this report, the public safety limit for a smart meter is a combination of 

the individual antenna frequency limits and how much power output they 

create.  A smart meter contains two antennas.  One transmits at 915 MHz 

and the other at 2405 MHz.  They can transmit at the same time, and so their 

effective radiated power is summed in the calculations of RF power density.  

Their combined limit is 655 uW/cm2. This limit is calculated by formulas 

from Table 1, Part B and is proportionate to the power output and specific 

safety limit (in MHz) of each antenna. 

For the collector meter, with it’s three internal antennas, the combined 

public safety limit for time-averaged exposure is 571 MHz (a more 

restrictive level since it includes an additional 824 MHz antenna that has a 

lower limit than either the 915 MHz or the 2405 MHz antennas).   In a 

collector meter, only two of the three antennas can transmit simultaneously 

(the 915 MHz LAN and the GSM 850 MHz (from the FCC Certification 

Exhibit titled RF Exposure Report for FCC ID: SK9AMI-2A).   The 

proportionate power output of each antenna plus the safety limit for each 

antenna frequency combines to give a safety limit for the collector meter of

571 uW/cm2.  Where one collector meter is combined with multiple smart 

meters, the combined limit is weighted upward by the additional smart 

meters’ contribution, and is 624 uW/cm2.

Continuous Exposure

FCC Bulletin OET 65 guidelines require the assumption of continuous 



  
exposure in calculations.  Duty cycles offered by the utilities are a fraction 

of continuous use, and significantly diminish predictions of RF exposure. 

At present, there is no evidence to prove that smart meters are functionally 

unable to operate at higher duty cycles that some utilities have estimated 

(estimates vary from 1% to 12.5% duty cycle, and as high as 30%). 

Confirming this is the Electric Power Research Institute (EPRI) in its 

“Perspective on Radio-Frequency Exposure Associated with Residential 

Automatic Meter Reading Technology (EPRI, 2010)  According to EPRI:

"The technology not only provides a highly efficient method for 
obtaining usage data from customers, but it also can provide up-to-
the-minute information on consumption patterns since the meter 
reading devices can be programmed to provide data as often as 
needed."  Emphasis added

The FCC Bulletin OET 65 guidelines specify that continuous exposure 

(defined by the FCC OET 65 as 100% duty cycle) is required in calculations 

where it is not possible to control exposures to the general public.

“It is important to note that for general population/uncontrolled 
exposures it is often not possible to control exposures to the extent 
that averaging times can be applied. In those situations, it is often 
necessary to assume continuous exposure.”          (emphasis added)

FCC Bulletin OET 65, p, 10

“Duty factor. The ratio of pulse duration to the pulse period of a 
periodic pulse train. Also, may be a measure of the temporal 
transmission characteristic of an intermittently transmitting RF 
source such as a paging antenna by dividing average transmission 
duration by the average period for transmissions. A duty factor of 1.0 



  
corresponds to continuous operation.”    

(emphasis added)
          FCC Bulletin OET 65, p, 2

This provision then specifies duty cycles to be increased to 100%.

The FCC Guidelines (OET 65) further address cautions that should be 

observed for uncontrolled public access to areas that may cause exposure to 

high levels of RF.

Re-radiation 

The foregoing also applies to high RF levels created in whole or in part 
by re-eradiation. A convenient rule to apply to all situations involving 
RF radiation is the following:

(1) Do not create high RF levels where people are or could 
reasonably be expected to be present, and (2) [p]revent people 
from entering areas in which high RF levels are necessarily 
present.

(2) Fencing and warning signs may be sufficient in many cases to 
protect the general public. Unusual circumstances, the presence of 
multiple sources of radiation, and operational needs will require 
more elaborate measures.

(3) Intermittent reductions in power, increased antenna heights, 
modified antenna radiation patterns, site changes, or some 
combination of these may be necessary, depending on the 
particular situation.

FCC OET 65, Appendix B, p. 79



  
Fencing, distancing, protective RF shielded clothing and signage warning 

occupants not to use portions of their homes or properties are not feasible 

nor desirable in public places the general public will spend time (schools, 

libraries, cafes, medical offices and clinics, etc)  These mitigation strategies 

may be workable for RF workers, but are unsuited and intolerable for the 

public.

Reflections

A major, uncontrolled variable in predicting RF exposures is the degree to 

which a particular location (kitchen, bedroom, etc) will reflect RF energy 

created by installation of one or more smart meters, or a collector meter and 

multiple smart meters.    The reflectivity of a surface is a measure of the 

amount of reflected radiation.  It can be defined as the ratio of the intensities 

of the reflected and incident radiation. The reflectivity depends on the angle 

of incidence, the polarization of the radiation, and the electromagnetic 

properties of the materials forming the boundary surface. These properties 

usually change with the wavelength of the radiation. The reflectivity of 

polished metal surfaces is usually quite high (such as stainless steel and 

polished metal surfaces typical in kitchens, for example).

Reflections can significantly increase localized RF levels.  High uncertainty 

exists about how extensive a problem this may create in routine installations 

of smart meters, where the utility and installers have no idea what kind of 

reflectivity is present within the interior of buildings. 

Reflections in Equation 6 and 10 of the FCC OET Bulletin 65 include rather 



  
minimal reflection factors of 100% and 60%, respectively. This report 

includes higher reflection factors in line with published studies by Hondou et 

al, 2006, Hondou, 2002 and Vermeeren et al, 2010. Reflection factors are 

modeled at 1000% and 2000% as well as at 60% and 100%, based on 

published scientific evidence for highly reflective environments. Hondou 

(2002) establishes that power density can be higher than conventional 

formulas predict using standard 60% and 100% reflection factors.

"We show that this level can reach the reference level (ICNIRP 
Guideline) in daily life. This is caused by the fundamental properties 
of electromagnetic field, namely, reflection and additivity. The level 
of exposure is found to be much higher than estimated by
conventional framework of analysis that assumes that the level rapidly 
decreases with the inverse square distance between the source and the 
affected person."

"Since the increase of electromagnetic field by reflective boundaries 
and the additivity of sources has not been recognized yet, further 
detailed studies on various situations and the development of 
appropriate regulations are required."

Hondou et al (2006) establishes that power densities 1000 times to 2000 
times higher than the power density predictions from computer modeling 
(that does not account properly for reflections) can be found in daily living
situations.  Power density may not fall off with distance as predicted by 
formulas using limited reflection factors. The RF hot spots created by 
reflection can significantly increase RF exposures to the public, even above 
current public safety limits.

"We confirm the significance of microwave reflection reported in our 
previous Letter by experimental and numerical studies. Furthermore, 
we show that 'hot spots' often emerge in reflective areas, where the 
local exposure level is much higher than average."



  
"Our results indicate the risk of 'passive exposure' to microwaves."

“The experimental values of intensity are consistently higher than 
predicted values. Intensity does not even decrease with distance from 
the source." 

"We further confirm the existence of microwave 'hotspots', in which he 
microwaves are 'localized'. The intensity measured at one hot spot 
4.6 m from the transmitter is the same as that at 0.1 m from the 
transmitter in the case with out reflection (free boundary condition).
Namely, the intensity at the hot spot is increased by approximately 
2000 times by reflection." Emphasis added

"To confirm our experimental findings of the greater-than-predicted 
intensity due to reflection, as well as the hot spots, we performed two 
numerical simulations...". " intensity does not monotonically decrease 
from the transmitter, which is in clear contrast to the case without 
reflection."

"The intensity at the hot spot (X, Y, Z) = 1.46, -0.78, 105) around 1.8 
m from the transmitter in the reflective boundary condition is 
approximately 1000 times higher than that at the same position in the 
free boundary condition. The result of the simulation is thus 
consistent with our experiments, although the values differ owing to 
the different conditions imposed by computational limits."

Emphasis added

"(t)he result of the experiment is also reproduced: a greater than 
predicted intensity due to reflection, as well as the existence of hot 
spots."

"In comparison with the control simulation using the free boundary 
condition, we find that the power density at the hot spot is increased 
by approximately a thousand times by reflection." 

Emphasis added

Further, the author comments that:

"we may be passively exposed beyond the levels reported for electro-



  
medical interference and health risks."

"Because the peak exposure level is crucial in considering electro-
medical interference, interference (in) airplanes, and biological 
effects on human beings, we also need to consider the possible peak 
exposure level, or 'hot spots', for the worst-case estimation."

Reflections and re-radiation from common building material (tile, concrete, 

stainless steel, glass, ceramics) and highly reflective appliances and 

furnishings are common in kitchens, for example.   Using only low 

reflectivity FCC equations 6 and 10 may not be informative.   Published 

studies underscore how use of even the highest reflection coefficient in FCC 

OET Bulletin 65 Equations 6 and 10 likely underestimate the potential for 

reflection and hot spots in some situations in real-life situations. 

This report includes the FCC’s reflection factors of 60% and 100%, and also 

reflection factors of 1000% and 2000% that are more in line with those 

reported in Hondou, 2001; Hondou, 2006 and Vermeeren et al, 2010.   The 

use of a 1000% reflection factor in this report is still conservative in 

comparison to Hondou, 2006.  A 1000% reflection factor is 12% of 

Hondou’s larger power density prediction (or 121 times, rather than 1000 

times)/ The 2000% reflection factor is 22% of Hondou’s figure (or 441 times 

in comparison to 2000 times higher power density in Hondou, 2006).

Peak Power Limits

In addition to time-averaged public safety limits that require RF exposures to 



  
be time-averaged over a 30 minute time period, the FCC also addresses peak 

power exposures.  The FCC refers back to the ANSI/IEEE C95.1-1992 

standard to define what peak power limits are.

The ANSI/IEEE C95.1-1999 standard defines peak power density as “the 

maximum instantaneous power density occurring when power is 

transmitted.” (p. 4)  Thus, there is a second method to test FCC compliance 

that is not being assessed in any FCC Grants of Authorization.

“Note that although the FCC did not explicitly adopt limits for peak 
power density, guidance on these types of exposures can be found in 
Section 4.4 of the ANSI/IEEE C95.1-1992 standard.” 

Page 10, OET 65

The ANSI/IEEE limit for peak power to which the FCC refers is:

“For exposures in uncontrolled environments, the peak value of the 
mean squared field strengths should not exceed 20 times the square of 
the allowed spatially averaged values (Table 2) at frequencies below 
300 MHz, or the equivalent power density of 4 mW/cm2 for f between 
300 MHz and 6 GHz”.

The peak power exposure limit is 4000 uW/cm2 for all smart meter 

frequencies (all transmitting antennas) for any instantaneous RF exposure of 

4 milliwatts/cm2 (4 mW/cm2) or higher which equals 4000 microwatts/cm2 

(uW/cm2).  

This peak power limit applies to all smart meter frequencies for both the 

smart meter (two-antenna configuration) and the collector meter (three-

antenna configuration).  All these antennas are within the 300 MHz to 6 

GHz frequency range where the 4000 uW/cm2 peak power limit applies 



  
(Table 3, ANSI/IEEE C95.1-1999, page 15).

Smart meters emit frequencies within the 800 MHz to 2400 MHz range. 

Exclusions

This peak power limit applies to all parts of the body with the important 

exception of the eyes and testes.

The ANSI/IEEE C95.1-1999 standard specifically excludes exposure of the

eyes and testes from the peak power limit of 4000 uW/cm2*.   However, 

nowhere in the ANSI/IEEE nor the FCC OET 65 documents is there a lower, 

more protective peak power limit given for the eyes and testes (see also 

Appendix C).

“The following relaxation of power density limits is allowed for 
exposure of all parts of the body except the eyes and testes.” (p.15)

“Since most exposures are not to uniform fields, a method has been 
derived, based on the demonstrated peak to whole-body averaged SAR 
ratio of 20, for equating nonuniform field exposure and partial body 
exposure to an equivalent uniform field exposure.  This is used in this 
standard to allow relaxation of power density limits for partial body 
exposure, except in the case of the eyes and the testes.” (p.20)

“In the case of the eyes and testes, direct relaxation of power density 
limits is not permitted.”(p. 30)

*Note:  This leaves unanswered what instantaneous peak power is permissible from smart meters.  
The level must be below 4000 uW/cm2.  This report shows clearly that smart meters can create 
instantaneous peak power exposures where the face (eyes) and body (testes) are going to be in 



  
close proximity to smart meter RF pulses. RF levels at and above 4000 uW/cm2 are likely to 
occur if a person puts their face close to the smart meter to read data in real time. The digital 
readout of the smart meter requires close inspection, particularly where there is glare or bright 
sunlight, or low lighting conditions. Further, some smart meters are installed inside buildings 
within inches of occupied space, virtually guaranteeing exposures that may violate peak power 
limits.  Violations of peak power limits are likely in these circumstances where there is proximity 
within about 6” and highly reflective surfaces or metallic objects.  The eyes and testes are not 
adequately protected by the 4000 uW/cm2 peak power limit, and in the cases described above, 
may be more vulnerable to damage (Appendix C for further discussion).

METHODOLOGY

Radiofrequency fields associated with SMART Meters were calculated 

following the methodology described here. Prediction methods specified in 

Federal Communications Commission, Office of Engineering and 

Technology Bulletin 65 Edition 97-01, August 1997 were used in the 

calculations.1

Section 2 of FCC OET 65 provides methods to determine whether a given 

facility would be in compliance with guidelines for human exposure to RF 

radiation.  We used equation (3)

S = = =
2            2                2

where:
S = power density (in μW/cm2)
P = power input to the antenna (in W) 
G = power gain of the antenna in the direction of interest relative 

to an isotropic radiator 
= duty cycle of the transmitter (percentage of time that the 

transmitter actually transmits over time)
R = distance to the center of radiation of the antenna 



  
EIRP = PG
ERP = 1.64 EIRP

where:  
EIRP = is equivalent (or effective) isotropically radiated power 

referenced to an isotropic radiator
ERP = is equivalent (or effective) radiated power referenced to a 

half-wave dipole radiator

Analysis input assumptions

1. SMART Meters [SK9AMI-4] have two RF transmitters (antennas) 

and are the type of smart meters typically installed on most buildings.

They contain two antennas that transmit RF signals (916 MHz LAN 

and 2405 MHz Zigbee). The antennas CAN transmit simultaneously, 

and thus the maximum RF exposure is determined by the summation 

of power densities (from the FCC Certification Exhibit titled RF 

Exposure Report for FCC ID: SK9AMI-4). 

Model SK9AMI-4 transmits on 915 MHz is designated as LAN 

Antenna Gain for each model.

a. Transmitter Power Output (TPO) used is as shown on the grant 

issued by the Telecommunications Certification Body (TCB).

b. Antenna gain in dBi (decibels compared to an isotropic 

radiator) used comes from the ACS Certification Exhibit.

2. Collector Meters [SK9AMI-2A] have three RF transmitters (antennas) 



  
and are installed where the utility needs them to relay RF signals from 

surrounding smart meters in a neighborhood.  Collector meters 

contain a third antenna (GSM 850 MHz, 915 MHz LAN and 2405 

MHz Zigbee).   Collector meters can be placed on any building where 

a collector meter is needed to relay signals from the surrounding area.   

Estimates of the number of collector meters varies between one per 

500 to one per 5000 smart meters.  Collector meters will thus 

‘piggyback’ the RF signals of hundreds or thousands of smart meters 

through the one collector meter.    In a collector meter, only two of the 

three antennas can transmit simultaneously (the 915 MHz LAN and 

the GSM 850 MHz (from the FCC Certification Exhibit titled RF 

Exposure Report for FCC ID: SK9AMI-2A). 

3. The Cell Relay transmitting at 2480 MHz is not on most meters and 

not considered in this analysis.

a. Transmitter Power Output (TPO) used is as shown on the grant 
issued by the Telecommunications Certification Body (TCB).

b. Antenna gain in dBi (decibels compared to an isotropic 
radiator) used comes from the ACS Certification Exhibit. 

ERP (Effective Radiated Power) used in the computer modeling here is 
calculated using the TPO and antenna gain established for each model

Red figures used to 
Calculate ERP

TCB TCB
Radio Frequency dBm Watts dBi Watts dBm Watts dBi Watts

GSM 850 31.8 1.5136 -1.0
LAN 915 21.92 0.1556 3.0 24.27 0.2673 2.2 0.267
LAN 916 0.257

GSM 1900 28.7 0.7413 1.0
Register 2405 18.71 0.0743 1.0 0.074 19.17 0.0826 4.4

Cell Relay 2480 -14.00 0.00004 4.00
Assumptions: TPO per TCB , Antenna Gain per ACS Certification

Type TPO dBi dB Mult ERP Freq
1900 GSM 0.741 1.0 -1.15 0.77 0.5689 1900
850 GSM 1.514 -1.0 -3.15 0.48 0.7328 850 Model
RFLAN 0.267 2.2 0.05 1.01 0.2704 915 SK9AMI-4
ZIG BEE 0.074 1.0 -1.15 0.77 0.0570 2405 SK9AMI-2A

ACS and TCB Certification data sheet
SK9AMI-2A SK9AMI-4

ERP Calculation: Bold figures are used for single meter ERP in modeling

ACS ACS



  
Reflection Factor

This equation is modified with the inclusion of a ground reflection factor as 

recommended by the FCC. The ground reflection factor accounts for 

possible ground reflections that could enhance the resultant power density.  

A 60% (0.6) enhancement would result in a 1.6 (1 + 0.6) increase of the field 

strength or a 2.56 = (1.6)2 increase in the power density.  Similar increases 

for larger enhancements of the field strength are calculated by the square of 

the original field plus the enhancement percentage. 2.3.4

Reflection Factors:
60% = (1 + 0.6)2 =     2.56 times

100% = (1 + 1)2 =     4      times
1000% = (1 + 10)2 = 121      times
2000% = (1 + 20)2 = 441      times

Duty Cycle

How frequently SMART Meters can and will emit RF signals from each of 

the antennas within the meters is uncertain, and subject to wide variations in 

estimation.  For this reason, and because FCC OET 65 mandates a 100% 

duty cycle (continuous exposure where the public cannot be excluded) the 

report gives RF predictions for all cases from 1% to 100% duty cycle at 10% 

intervals.  The reader can see the variation in RF emissions predicted at 

various distances from the meter (or bank of meters) using this report at all 

duty cycles.   Thus, for purposes of this report, duty cycles have been 

estimated from infrequent to continuous. Duty cycles for SMART Meters 

were calculated at:

1%          50%



  
5%          60%

10%          70%
20%          80%
30%          90%
40%        100%

Continuous Exposure

FCC Bulletin OET 65 and the ANSI/IEEE C95.1-1992, 1999 requires that 

continuous exposure be calculated for situations where there is uncontrolled 

public access. Continuous exposure in this case means reading the tables at 

100% duty cycle.

“Another feature of the exposure guidelines is that exposures, in 
terms of power density, E2 or H2, may be averaged over certain 
periods of time with the average not to exceed the limit for continuous 
exposure.11

“As shown in Table 1 of Appendix A, the averaging time for 
occupational/controlled exposures is 6 minutes, while the averaging 
time for general population/uncontrolled exposures is 30 minutes. It is 
important to note that for general population/uncontrolled exposures 
it is often not possible to control exposures to the extent that 
averaging times can be applied. In those situations, it is often 
necessary to assume continuous exposure.”  (FCC OET 65, Page 15)  

Calculation Distances in Tables (3-inch increments)

Calculations were performed in 3-inch (.25 foot) increments from the 

antenna center of radiation. Calculations have been taken out to a distance of 

96 feet from the antenna center for radiation for each of the conditions 

above. The antenna used for the various links in a SMART Meter is assumed 

to be at the center of the SMART Meter from front to back – approximately 



  
3 inches from the outer surface of the meter.

Calculations have also been made for a typical nursery and kitchen.  In the 

nursery it has been assumed that the baby in his or her crib that is located 

next to the wall where the electric SMART Meters are mounted.  The closest 

part of the baby’s body can be as close as 11 inches* from the meter 

antenna.  In the kitchen it has been assumed that a person is standing at the 

counter along the wall where the electric SMART Meters are mounted.  In 

that case the closest part of the adult’s body can be located as close to the 

meter antenna as 28 inches.

The exposure limits are variable according to the frequency (in megahertz).   

Table 1, Appendix A show exposure limits for occupational (Part A) and 

uncontrolled public (Part B) access to radiofrequency radiation such as is 

emitted from AM, FM, television and wireless sources.  

*  Flush-mounted main electric panels that house smart meters are commonly installed; placing 
smart meters 5” 6” closer to occupied space than box-mounted main electric panels that sit 
outward on exterior building walls.  Assumptions on spacing are made for flush-mounted panels.

Conditions Influencing Radiofrequency Radiation Level Safety

The location of the meter in relation to occupied space, or outside areas of 

private property such as driveways, walk-ways, gardens, patios, outdoor play 



  
areas for children, pet shelters and runs, and many typical configurations can 

place people in very close proximity to smart meter wireless emissions.  In 

many instances, smart meters may be within inches or a few feet of occupied 

space or space that is used by occupants for daily activities.

Factors that influence how high RF exposures may be include, but are not 

limited to where the meter is installed in relation to occupied space, how 

often the meters are emitting RF pulses (duty cycle), and what reflective 

surfaces may be present that can greatly intensify RF levels or create ‘RF hot 

spots’ within rooms, and so on.  In addition, there may be multiple wireless 

meters installed on some multi-family residential buildings, so that a single 

unit could have 20 or more electric meters in close proximity to each other, 

and to occupants inside that unit.  Finally, some meters will have higher RF 

emissions, because – as collector units – their purpose is to collect and 

resend the RF signals from many other meters to the utility.  A collector 

meter is estimated to be required for every 500 to 5000 buildings. Each 

collector meter contains three, rather than two transmitting antennas.  This 

means higher RF levels will occur on and inside buildings with a collector 

meter, and significantly more frequent RF transmissions can be expected.  

At present, there is no way to predict whose property will be used for 

installation of collector meters.  

People who are visually reading the wireless meters ‘by sight’ or are visually 

inspecting and/or reading the digital information on the faceplate may have 

their eyes and faces only inches from the antennas. 

Current standards for peak power limit do not have limits to protect the eyes 



  
and testes from instantaneous peak power from smart meter exposures, yet 

relevant documents identify how much more vulnerable these organs are, 

and the need for such safety limits to protect the eyes and testes.

No Baseline RF Assessment

Smart meter and collector meter installation are taking place in an 

information vacuum.  FCC compliance testing takes place in an environment 

free of other sources of RF, quite unlike typical urban and some rural 

environments.  There is no assessment of baseline RF conditions already 

present (from AM, FM, television and wireless communication facilities 

(cell towers), emergency and dispatch wireless, ham radio and other 

involuntary RF sources.  Countless properties already have elevated RF 

exposures from sources outside their own control.

Consumers may also have already increased their exposures to 

radiofrequency radiation in the home through the voluntary use of wireless 

devices (cell and cordless phones), PDAs like BlackBerry and iPhones, 

wireless routers for wireless internet access, wireless home security systems, 

wireless baby surveillance (baby monitors), and other emerging wireless 

applications. 

Neither the FCC, the CPUC, the utility nor the consumer know what portion 

of the allowable public safety limit is already being used up or pre-empted 

by RF from other sources already present in the particular location a smart 

meter may be installed and operated.

Consumers, for whatever personal reason, choice or necessity who have 



  
already eliminated all possible wireless exposures from their property and 

lives, may now face excessively high RF exposures in their homes from 

smart meters.  This may force limitations on use of their otherwise occupied 

space, depending on how the meter is located, building materials in the 

structure, and how it is furnished.

RESULTS, FINDINGS AND CONCLUSIONS

The installation of wireless ‘smart meters’ in California can produce 

significantly high levels of radiofrequency radiation (RF) depending on 

many factors (location of meter(s) in relation to occupied or usable space, 

duty cycle or frequency of RF transmissions, reflection and re-radiation of 

RF, multiple meters at one location, collector meters, etc).

Power transmitters that will relay information from appliances inside

buildings with wireless smart meters produce high, localized RF pulses.  

Any appliance that contains a power transmitter (for example, dishwashers, 

washers, dryers, ranges and ovens, convection ovens, microwave ovens, 

flash water heaters, refrigerators, etc) will create another ‘layer of RF 

signals’ that may cumulatively increase RF exposures from the smart 

meter(s). 

It should be emphasized that no single assertion of compliance can 

adequately cover the vast number of site-specific conditions in which smart 

meters are installed.  These site-specific conditions determine public 

exposures and thus whether they meet FCC compliance criteria.



  
Tables in this report show either distance to an FCC safety limit (in inches) 

or they show the predicted (calculated) RF level at various distances in 

microwatts per centimeter squared (uW/cm2).  

Both depictions are useful to document and understand RF levels produced 

by smart meters (or multiple smart meters) and by collector meters (or 

collections of one collector and multiple smart meters).  

Large differences in the results of computer modeling occur in this report by 

bracketing the uncertainties (running a sufficient number of computer 

scenarios) to account for variability introduced by possible duty cycles and 

possible reflection factors.

FCC equations from FCC OET 65 provide for calculations that incorporate 

60% or 100% reflection factors.  Studies cited in this report document higher 

possible reflections (in highly reflective environments) and support the 

inclusion of higher reflection factors of 1000% and 2000% based on 

Vermeeren et al, 2010, Hondou et al, 2006 and Hondou, 2002.  Tables in the 

report provide the range of results predicted by computer modeling for duty 

cycles from 1% to 100%, and reflection factors of 60%, 100%, 1000%, and 

2000% for comparison purposes.  FCC violations of time-weighted average 

calculations and peak power limit calculations come directly from FCC OET 

65 and from ANSI/IEEE c95.1-1992, 1999.  Duty cycle (or how frequently 

the meters will produce RF transmissions leading to elevated RF exposures) 

is uncertain, so the full range of possible duty cycles are included, based on 

best available information at this date.



  
• Tables 1-2 show radiofrequency radiation (RF) levels at 6” (to 

represent a possible face exposure).   These are data tables.

• Tables 3-4 show RF levels at 11” (to represent a possible 

nursery/bedroom exposure). These are data tables.

• Tables 5-6 show RF levels at 28” to represent a possible kitchen 

work space exposure. These are data tables.

• Tables 7-9 show the distance to the FCC violation level for time-

weighted average limits and for peak power limits (in inches).  These

are data tables.

• Tables 10-15 show where FCC violations may occur at the face, in 

the nursery or in the kitchen scenarios.  These are colored tables 

highlighting where FCC violations may occur under all scenarios.

• Tables 16-29 show comparisons of smart meter RF levels with 

studies that report adverse health impacts from low-intensity, chronic

exposure to similar RF exposures. These are colored tables 

highlighting where smart meter RF levels exceed levels associated 

with adverse health impacts in published scientific studies.

• Tables 30-31 show RF levels in comparison to Medtronics advisory 

limit for MRI exposures to radiofrequency radiation at 0.1 W/Kg or 

about 250 uW/cm2. These are colored tables highlighting where smart 

meter RF levels may exceed those recommended for RF exposure.

• Tables 32-33 show RF levels from smart meters in comparison to 
the BioInitiative Report recommendation of 0.1 uW/cm2 for chronic 
exposure to pulsed radiofrequency radiation.

Findings

RF levels from the various scenarios depicting normal installation and 



  
operation, and possible FCC violations have been determined based on both 

time-averaged and peak power limits (Tables 1 - 14).

Potential violations of current FCC public safety standards for smart meters 

and/or collector meters in the manner installed and operated in California are 

illustrated in this Report, based on computer modeling (Tables 10 – 17).

Tables that present data, possible conditions of violation of the FCC public 

safety limits, and comparisons to health studies reporting adverse health 

impacts are summarized (Tables 18 – 33).

Where do predicted FCC violations occur for the 655 uW/cm2 time-
averaged public safety limit at the face at 6” distance from the meter?

Table 10 shows that for one smart meter, no violations are predicted to occur 
at 60% or 100% reflection factor at any duty cycle, but violations are 
predicted to occur with nearly all scenarios using either 1000% or 2000% 
reflection factors.

Table 10 also shows that for multiple smart meters, FCC violations are 
predicted to occur at 60% reflection factor @ 50% to 100% duty cycles; and 
also at 100% reflection factor @ 30% to 100% duty cycle.   All scenarios 
using either 1000% or 2000% reflection factors indicate FCC violations can 
occur (or conservatively at 12% to 22% of those in Hondou et al, 2006).

Table 11 shows that for one collector meter, one violation occurs at 60% @ 
100% duty cycle; and at 100% reflection factor for duty cycles between 60% 
and 100%.  Violations are predicted to occur at all scenarios using either 
1000% or 2000% reflection factors.

Table 11 also shows that for one collector meter plus multiple smart meters,
FCC violations can occur at 60%reflection factor @ 40% to 100% duty 
cycles; and also at 100% reflection factor @ 30% to 100% duty cycle.   All 
scenarios using either 1000% or 2000% reflection factors indicate FCC
violations can occur.



  
Where do predicted FCC violations occur for the 655 uW/cm2 time-
averaged public safety limit in the nursery crib at 11” distance?

Table 12 shows that for one smart meter, no violations are predicted to occur 
at 60% or 100% reflection factor at any duty cycle, but violations would be 
predicted with nearly all scenarios using either 1000% or 2000% reflection 
factors.

Table 12 also shows that for multiple smart meters, no FCC violations are 
predicted to occur at 60% reflection factor at any duty cycle; and also at 
100% reflection factor @ 90% and 100% duty cycle.   All scenarios using 
either 1000% or 2000% reflection factors indicate FCC violations can occur.

Table 13 shows that for one collector meter, one violation occurs at 100% 
reflection @100% duty cycle.  No violations at 60% reflection are predicted.  
Violations are predicted to occur at all scenarios using 1000% reflection 
except @ 1% duty cycle. All 2000% reflection scenarios indicate FCC 
violations can occur.

Table 13 shows that for one collector meter plus multiple smart meters, FCC 
violations are not predicted to occur at 60% reflection factor. At 100% 
reflection factor, violations are predicted at 60% to100% duty cycles.   FCC 
violations are predicted for all1000% and 2000% reflection factors with the 
exception of 1000% reflection at 1% duty cycle.

Where do predicted FCC violations occur for the 655 uW/cm2 time-
averaged public safety limit in the kitchen work space at 28” distance?

Table 14 shows that for one smart meter, no violations are predicted to occur 
at 60% or 100% reflection factor at any duty cycle.  Violations would be 
predicted with scenarios of 1000% reflection @ 70% to 100% duty cycles 
and at 2000% reflection factor @ 20% to 100% duty cycles.

Table 14 also shows that for multiple smart meters, no FCC violations are 
predicted to occur at 60% or at the 100% reflection factors at any duty cycle. 
Violations are predicted at 1000% reflection factor @ 70% to 100% duty 
cycles and at 2000% reflection factor @20% to 100% duty cycles.



  
Table 15 shows that for one collector meter, one violation occurs at 100% 
reflection @100% duty cycle.  No violations at 60% reflection are predicted.  
Violations are predicted to occur at all scenarios using 1000% reflection 
except @ 1% duty cycle. All 2000% reflection scenarios indicate FCC 
violations can occur.

Table 15 shows that for one collector meter plus multiple smart meters, FCC 
violations are not predicted to occur at 60% or at 100% reflection factors at 
any duty cycle. At 1000% reflection factor, violations are predicted at 30% 
to 100% duty cycles.   FCC violations are also predicted at 2000% reflection 
factor @10 to 100% duty cycles.

Where can peak power limits be violated?  The peak power limit of 4000 
uW/cm2 instantaneous public safety limit at 3” distance?  This limit may be 
exceeded wherever smart meters and collector meters (face plate or any 
portion within 3” of the internal antennas can be accessed directly by the 
public.

Table 16 shows that for one smart meter, no violations are predicted to occur 
at 60% or 100% reflection factor at any duty cycle.  Peak power limit 
violations would be predicted with scenarios of 1000% reflection @ 10% to 
100% duty cycles and at 2000% reflection factor @ 10% to 100% duty 
cycles.

Table 16 also shows that for multiple smart meters,  peak power limit 
violations are predicted to occur at 60% reflection @ 60% to 100% duty 
cycle and for 100% reflection @ 40% to 100% duty cycles. Violations are 
predicted at 1000% reflection factor @ 10% to 100% duty cycles and at 
2000% reflection factor @1% to 100% duty cycles.

Table 17 shows that for one collector meter, peak power limit violations are 
predicted to occur at 60% reflection @80% to 100% duty cycles and at 
100% reflection @ 50% to 100% duty cycles.   Violations of peak power 
limit are predicted to occur at all scenarios using 1000% reflection except @ 
1%; and for 2000% reflection violations of peak power limit are predicted at 
all duty cycles.



  
Table 17 shows that for one collector meter plus multiple smart meters, peak 
power limit violations are predicted to occur at 60% @ 40% to 100% and 
100% reflection @ 30% to 100% duty cycles. At 1000% and 2000% 
reflection factors, peak power limit violations are predicted at all duty 
cycles. 

Where are RF levels associated with inhibition of DNA repair in human 
stem cells at 92.5 uW/cm2 exceeded the in the nursery crib at 11” distance?

Table 18 shows that for one smart meter, RF exposures associated with 
inhibition of DNA repair in human stem cells are predicted to occur at 60% 
reflection factor@ 70% to 100% duty cycles, and at 100% reflection factor 
@ 50% to 100% duty cycles.   All scenarios using either 1000% or 2000% 
reflection factors exceed these RF exposures except 1000% at 1% duty 
cycle.

Table 18 also shows that for multiple smart meters, RF exposures associated 
with inhibition of DNA repair in human stem cells are predicted to occur at 
60% reflection factor@ 20% to 100% duty cycles, and at 100% reflection 
factor @ 20% to 100% duty cycles.   All scenarios using either 1000% or 
2000% reflection factors exceed these RF exposure levels except 1000% at 
1% duty cycle.

Table 19 shows that for one collector meter, RF exposures associated with 
inhibition of DNA repair in human stem cells are predicted to occur at 60% 
reflection factor@ 30% to 100% duty cycles, and at 100% reflection factor 
@ 20% to 100% duty cycles.   All scenarios using either 1000% or 2000% 
reflection factors exceed these RF exposure levels.

Table 19 shows that for one collector meter plus multiple smart meters, RF 
exposures associated with inhibition of DNA repair in human stem cells are 
predicted to occur at 60% reflection factor@ 20% to 100% duty cycles, and 
at 100% reflection factor @ 10% to 100% duty cycles.   All scenarios using
either 1000% or 2000% reflection factors exceed these RF exposure levels.

Where are RF levels associated with pathological leakage of the blood-brain 
barrier at 0.4 – 8  uW/cm2 exceeded the in the nursery crib at 11” distance?



  
Table 20 shows that for one smart meter, RF exposures associated with 
pathological leakage of the blood-brain barrier at 8 uW/cm2 are predicted to 
occur at 60% reflection factor@ 10% to 100% duty cycles, and at 100% 
reflection factor @ 5% to 100% duty cycles.   RF levels at 0.4 uW/cm2 (the 
lower end of the range) are exceeded at all duty cycles and at all reflection 
factors in the nursery in the crib.

Table 20 also shows that for multiple smart meters, RF exposures associated 
with pathological leakage of the blood-brain barrier at 8 uW/cm2 are 
predicted to occur at 60% reflection factor@ 5% to 100% duty cycles, and at 
100% reflection factor @ 5% to 100% duty cycles.   RF levels at 0.4 
uW/cm2 (the lower end of the range) are exceeded at all duty cycles and at 
all reflection factors in the nursery in the crib.

Table 21 shows that for one collector meter, RF exposures associated with 
pathological leakage of the blood-brain barrier at 8 uW/cm2 are predicted to 
occur at 60% reflection factor@ 5% to 100% duty cycles, and at 100% 
reflection factor @ 5% to 100% duty cycles.   RF levels at 0.4 uW/cm2 (the 
lower end of the range) are exceeded at all duty cycles and at all reflection 
factors in the nursery in the crib.

Table 21 shows that for one collector meter plus multiple smart meters, .RF 
exposures associated with pathological leakage of the blood-brain barrier at 
8 uW/cm2 are predicted to occur at 60% reflection factor@ 5% to 100% 
duty cycles, and at 100% reflection factor @ 1% to 100% duty cycles.   RF 
levels at 0.4 uW/cm2 (the lower end of the range) are exceeded at all duty 
cycles and at all reflection factors in the nursery in the crib.

Where are RF levels associated with adverse neurological symptoms, 
cardiac problems and increased cancer risk exceeded in the nursery crib at 
11” distance?

Table 22 shows that for one smart meter, RF exposures associated with 
adverse neurological symptoms above 0.1 uW/cm2 are exceeded at all duty 
cycles and at all reflection factors in the nursery in the crib.

Table 22 shows that for multiple smart meters, RF exposures associated with 
adverse neurological symptoms above 0.1 uW/cm2 are exceeded at all duty 



  
cycles and at all reflection factors in the nursery in the crib.

Table 23 shows that for one collector meter, RF exposures associated with 
adverse neurological symptoms above 0.1 uW/cm2 are exceeded at all duty 
cycles and at all reflection factors in the nursery in the crib.

Table 23 shows that for one collector meter plus multiple smart meterss, RF 
exposures associated with adverse neurological symptoms above 0.1 
uW/cm2 are exceeded at all duty cycles and at all reflection factors in the 
nursery in the crib.

Where are RF levels associated with inhibition of DNA repair in human 
stem cells at 92.5 uW/cm2 exceeded the in the kitchen work space at 28” 
distance?

Table 24 shows that for one smart meter,  RF levels do not exceed those 
associated with inhibition of DNA repair at 60% or 100% reflection factor at 
any duty cycle.  RF levels are exceeded at 1000% @ 10% to 100% duty 
cycles; and at 2000% reflection factor @ 5% to 100% duty cycles.

Table 24 also shows that for multiple smart meters, RF levels do not exceed 
those associated with inhibition of DNA repair at 60% or 100% reflection 
factor at any duty cycle.  RF levels are exceeded at 1000% @ 5% to 100% 
duty cycles; and at 2000% reflection factor @ 1% to 100% duty cycles.

Table 25 shows that for one collector meter, RF levels do not exceed those 
associated with inhibition of DNA repair at 60% at any duty cycle; at 100% 
reflection factor they are exceeded at 70% to 100% duty cycles..  RF levels 
are exceeded at 1000% @ 5% to 100% duty cycles; and at 2000% reflection 
factor @ 1% to 100% duty cycles.

Table 25 shows that for one collector meter plus multiple smart meters, RF 
levels exceed those associated with inhibition of DNA repair at 60% 
reflection@100% duty cycle; at 100% reflection factor they are exceeded at 
70% to 100% duty cycles..  RF levels are exceeded at 1000% @ 5% to 
100% duty cycles; and at 2000% reflection factor @ 1% to 100% duty 
cycles.



  
Where are RF levels associated with pathological leakage of the blood-brain 
barrier and neuron death at 0.4 – 8  uW/cm2 risk in the kitchen work space 
at 28” distance?

Table 26 shows that for one smart meter, RF exposures associated with 
pathological leakage of the blood-brain barrier at 8 uW/cm2 are predicted to 
occur at 60% reflection factor@ 40% to 100% duty cycles, and at 100% 
reflection factor @ 30% to 100% duty cycles, and at all 1000% and 2000% 
reflections.   RF levels at 0.4 uW/cm2 (the lower end of the range) are 
exceeded at all duty cycles and at all reflection factors in the kitchen work 
space except at 1% duty cycle for 60% and 100% reflections.

Table 26 also shows that for multiple smart meters, RF exposures associated 
with pathological leakage of the blood-brain barrier at 8 uW/cm2 are 
predicted to occur at 60% reflection factor@ 30% to 100% duty cycles, and 
at 100% reflection factor @ 20% to 100% duty cycles, and at all 1000% and 
2000% reflections.   RF levels at 0.4 uW/cm2 (the lower end of the range) 
are exceeded at all duty cycles and at all reflection factors in the kitchen.

Table 27 shows that for one collector meter, RF exposures associated with 
pathological leakage of the blood-brain barrier at 8 uW/cm2 are predicted to 
occur at 60% reflection factor@ 20% to 100% duty cycles, and at 100% 
reflection factor @ 10% to 100% duty cycles.   RF levels at 0.4 uW/cm2 (the 
lower end of the range) are exceeded at all duty cycles and at all reflection 
factors in the kitchen work space.

Table 27 shows that for one collector meter plus multiple smart meters, .RF 
exposures associated with pathological leakage of the blood-brain barrier at 
8 uW/cm2 are predicted to occur at 60% reflection factor@ 20% to 100% 
duty cycles, and at 100% reflection factor @ 20% to 100% duty cycles.   RF 
levels at 0.4 uW/cm2 (the lower end of the range) are exceeded at all duty 
cycles and at all reflection factors in the kitchen work space.

Where are RF levels associated with adverse neurological symptoms, 
cardiac problems and increased cancer risk in the kitchen work space at 
28” distance?

Table 28 shows that for one smart meter, RF exposures associated with 



  
adverse neurological symptoms above 0.1 uW/cm2 are exceeded at all duty 
cycles and at all reflection factors in the kitchen work space.

Table 28 shows that for multiple smart meters, RF exposures associated with 
adverse neurological symptoms above 0.1 uW/cm2 are exceeded at all duty 
cycles and at all reflection factors in the kitchen work space.

Table 29 shows that for one collector meter, RF exposures associated with 
adverse neurological symptoms above 0.1 uW/cm2 are exceeded at all duty 
cycles and at all reflection factors in the kitchen work space.

Table 29 shows that for one collector meter plus multiple smart meterss, RF 
exposures associated with adverse neurological symptoms above 0.1 
uW/cm2 are exceeded at all duty cycles and at all reflection factors in the 
kitchen work space.

Where do RF levels exceed the Medtronics Safety Advisory?

Table 30: At no duty cycles for either 60% or 100% reflection factors; 
between 10% and 100% duty factors for 1000% and between 5% and 100% 
duty factors for 2000% reflection (for one smart meter).

Table 30: At 60% reflection @ 60% to 100% duty cycle; and at 100% 
reflection @ 40% to 100% duty cycle; at 1000% reflection @ 5% to 100% 
duty cycle and for all duty cycles at 2000% reflection (for multiple smart 
meters).

Table 31:  At 60% reflection @ 70% to 100% duty cycle; at 100% reflection 
at 50% to 100% duty cycles; at 1000% reflection @ 5% to 100% and at all 
duty cycles for 2000% reflection (for one collector meter).

Table 31:  At 60% reflection @ 40% to 100% duty cycle; at 100% reflection 
at 30% to 100% duty cycles; and at all duty cycles for both 1000% reflection 
and for 2000% reflection (for one collector meter plus three smart meters).

Where are RF levels associated with smart meters in all their configurations 
(one meter, multiple smart meters, one collector meter, one collector plus 
multiple smart meters) above those recommended in the BioInitiative Report 



  
(2007)?

Tables 32 and 33 depict the distance from the center of radiation for the 
smart meter(s) and collector meter scenarios in feet.  The distances (in feet) 
at which RF levels exceed the BioInitiative Report recommended limit of 
0.1 uW/cm2 is as small as 3.4’ (one smart meter at 60% reflection and 1% 
duty cycle).  At 60% reflection and 100% duty cycle, the distance to the 
BioInitiative recommended limit increases to 34 feet for one smart meter.

When multiples of smart meters are considered, the shortest distance to 
where the BioInitiative Report recommended limit is exceeded is 9.7 feet 
(for 60% reflection @ 1% duty cycle).  It increases to 97’ @100% duty 
cycle for multiple smart meters.

For a single collector meter, the shortest distance to a BioInitiative Report 
exceedence is 5.9 feet (60% reflection @ 1% duty cycle).  At 60% reflection 
and 100% duty cycle, it increases to 59 feet.

For a collector and multiple smart meters, the shortest distance is 10.9 feet at 
60% reflection @ 1% duty cycle, and increases to108 feet at 100% duty 
cycle.

Conclusions

FCC compliance violations are likely to occur under widespread conditions 

of installation and operation of smart meters and collector meters in 

California.  Violations of FCC safety limits for uncontrolled public access 

are identified at distances within 6” of the meter.  Exposure to the face is 

possible at this distance, in violation of the time-weighted average safety 

limits (Tables 10-11).  FCC violations are predicted to occur at 60% 

reflection and 100% reflection factors*, both used in FCC OET 65 formulas 

for such calculations for time-weighted average limits.  Peak power limits 

are not violated at the 6” distance (looking at the meter) but can be at 3” 

from the meter, if it is touched.



  
This report has also assessed the potential for FCC violations based on two 

examples of RF exposures in a typical residence.  RF levels have been 

calculated at distances of 11” (to represent a nursery or bedroom with a crib 

or bed against a wall opposite one or more meters); and at 28” (to represent a 

kitchen work space with one or more meters installed on the kitchen wall).

FCC compliance violations are identified at 11” in a nursery or bedroom 

setting using Equation 10* of the FCC OET 65 regulations (Tables 12-13).  

These violations are predicted to occur where there are multiple smart 

meters, or one collector meter, or one collector meter mounted together with 

several smart meters.  

FCC compliance violations are not predicted at 28” in the kitchen work 

space for 60% or for 100% reflection calculations.  Violations of FCC public 

safety limits are predicted for higher reflection factors of 1000% and 2000%, 

which are not a part of FCC OET 65 formulas, but are included here to allow 

for situations where site-specific conditions (highly reflective environments, 

for example, galley-type kitchens with many highly reflective stainless steel 

or other metallic surfaces) may be warranted (see Methodology Section).

In addition to exceeding FCC public safety limits under some conditions of 

installation and operation, smart meters can produce excessively elevated RF 

exposures, depending on where they are installed. With respect to absolute 

RF exposure levels predicted for occupied space within dwellings, or outside 

areas like patios, gardens and walk-ways, RF levels are predicted to be 

substantially elevated within a few feet to within a few tens of feet from the 



  
meter(s). 

For example, one smart meter at 11” from occupied space produces 

somewhere between 1.4 and 140 microwatts per centimeter squared 

(uW/cm2) depending on the duty cycle modeled (Table 12).  Since FCC 

OET 65 specifies that continuous exposure be assumed where the public 

cannot be excluded (such as is applicable to one’s home), this calculation 

produces an RF level of 140 uW/cm2 at 11” using the FCCs lowest 

reflection factor of 60%.   Using the FCC’s reflection factor of 100%, the 

figures rise to 2.2 uW/cm2 – 218 uW/cm2, where the continuous exposure 

calculation is 218 uW/cm2 (Table 12).  These are very significantly elevated 

RF exposures in comparison to typical individual exposures in daily life.    

Multiple smart meters in the nursery/bedroom example at 11” are predicted 

to generate RF levels from about 5 to 481 uW/cm2 at the lowest (60%) 

reflection factor; and 7.5 to 751 uW/cm2 using the FCCs 100% reflection 

factor (Table 13).  Such levels are far above typical public exposures.

RF levels at 28” in the kitchen work space are also predicted to be 

significantly elevated with one or more smart meters (or a collector meter 

alone or in combination with multiple smart meters).   At 28” distance, RF 

levels are predicted in the kitchen example to be as high as 21 uW/cm2 from 

a single meter and as high as 54.5 uW/cm2 with multiple smart meters using 

the lower of the FCCs reflection factor of 60% (Table 14).  

Using the FCCs higher reflection factor of 100%, the RF levels are predicted 

to be as high as 33.8 uW/cm2 for a single meter and as high as 85.8 uW/cm2 

for multiple smart meters (Table 14).  For a single collector meter, the range 



  
is 60.9 to 95.2 uW/cm2 (at 60% and 100% reflection factors, respectively) 

(from Table 15).

Table 16 illustrates predicted violations of peak power limit (4000 uW/cm2) 

at 3” from the surface of a meter.  FCC violations of peak power limit are 

predicted to occur for a single collector meter at both 60% and 100% 

reflection factors.  This situation might occur if someone touches a smart 

meter or stands directly in front.

Uncertainty About Actual RF Levels

Consumers may also have already increased their exposures to 

radiofrequency radiation in the home through the voluntary use of wireless 

devices (cell and cordless phones), PDAs like BlackBerry and iPhones, 

wireless routers for wireless internet access, wireless home security systems, 

wireless baby surveillance (baby monitors), and other emerging wireless 

applications.

Neither the FCC, the CPUC, the utility nor the consumer know what portion 

of the allowable public safety limit is already being used up or pre-empted 

by RF from other sources already present in the particular location a smart 

meter may be installed and operated.

Consumers, for whatever personal reason, choice or necessity who have 

already eliminated all possible wireless exposures from their property and 

lives, may now face excessively high RF exposures in their homes from 

smart meters.  This may force limitations on use of their otherwise occupied 



  
space, depending on how the meter is located, building materials in the 

structure, and how it is furnished.

People who are afforded special protection under the federal Americans with 

Disabilities Act are not sufficiently acknowledged nor protected.  People 

who have medical and/or metal implants or other conditions rendering them 

vulnerable to health risks at lower levels than FCC RF limits may be 

particularly at risk (Tables 30-31).  This is also likely to hold true for other 

subgroups, like children and people who are ill or taking medications, or are 

elderly, for they have different reactions to pulsed RF.  Childrens’ tissues 

absorb RF differently and can absorb more RF than adults (Christ et al, 

2010; Wiart et al, 2008). The elderly and those on some medications respond 

more acutely to some RF exposures.  

Eyes and Testes - Safety standards for peak exposure limits to 

radiofrequency have not been developed to take into account the particular 

sensitivity of the eyes, testes and other ball shaped organs.   There are no 

peak power limits defined for the eyes and testes, and it is not unreasonable 

to imagine situations where either of these organs comes into close contact 

with smart meters and/or collector meters, particularly where they are 

installed in multiples (on walls of multi-family dwellings that are accessible 

as common areas).  

What can be determined from the relevant standards (FCC and ANSI/IEEE 

and certain IEEE committee documents is that the eye and testes are 

potentially much more vulnerable to damage, but that there is no scientific 



  
basis on which to develop a new, more protective safety limit.  What is 

certain is that the peak power limit of 4000 uW/cm2 exceeds what is safe 

(Appendix C).

In summary, no positive assertion of safety can be made by the FCC, nor 

relied upon by the CPUC, with respect to pulsed RF when exposures are 

chronic and occur in the general population. Indiscriminate exposure to 

environmentally ubiquitous pulsed RF from the rollout of millions of new 

RF sources (smart meters) will mean far greater general population 

exposures, and potential health consequences.  Uncertainties about the 

existing RF environment (how much RF exposure already exists), what kind 

of interior reflective environments exist (reflection factor), how interior 

space is utilized near walls), and other characteristics of residents (age, 

medical condition, medical implants, relative health, reliance on critical care 

equipment that may be subject to electronic interference, etc) and 

unrestrained access to areas of property where meter is located all argue for 

caution.

Electronic Interference

Consumers may experience electronic interference (electromagnetic 

interference or EMI) from smart meter wireless signals.  The FCC also is 

charged with investigating consumer complaints about electronic 

interference.  

“The FCC requires that unlicensed low-power RF devices must not 
create interference and users of such equipment must resolve any 
interference problems or cease operation. According to the FCC 



  
(47CFR Part 15): “The operator of a radio frequency device shall be 
required to cease operating the device upon notification by a 
Commission representative that the device is causing harmful 
interference. Operation shall not resume until the condition causing 
the harmful interference has been corrected.” 

(EPRI, 2010)

Medical and other critical care equipment in the home environment may not 

work, or work properly due to electronic interference from smart meters.

Security systems, surveillance monitors and wireless intercoms may be 

rendered inoperable or unreliable.  Some cordless telephones do not work 

reliably, or have substantial interference from smart meter RF emissions.

Electronic equipment and electrical appliances may be damaged or have to 

be replaced with other, newer equipment in order not to be subject to 

electromagnetic interference from smart meter RF bursts.

Americans With Disabilities Act

People who have medical implants, particularly metal implants, may be 

more sensitive to spurious RF exposures for two reasons.  Electromagnetic 

interference (EMI) with critical care medical equipment and medical 

implants is a potentially serious threat.  Patients with deep-brain stimulators 

(Parkinson’s disease patients) have reported adverse health effects due to RF 

from various environmental sources like security gates and RFID scanners.   

Patients with deep brain stimulators have reported the devices to be 

reprogramming or electrodes shut-down as a result of encounters with 



  
wireless RFID scanners.  One manufacturer, Medtronics, has issued a 

warning for DBS implant patients to limit RF exposure to less than 0.1 

W/Kg SAR (or sixteen times lower than for the general public) for MRI 

exposures. 

The IEEE SC4 committee (2001) considered changes to existing ANSI/IEEE 

standards adopted in 1992 (C95.1-1992).  They discussed vulnerable organs 

(eyes, testes) and metallic implants that can intensify localized RF exposures 

within the body and its tissues.

“Question 20:  Are there specific tissues or points within the body that 
have particularly high susceptibilities to local heating due to thermal 
properties in the immediate vicinity of the tissue?”

Committee minutes include the following discussion on metallic implants.

“Metallic implants are an interesting example of this question.  There 
can be very localized high field concentrations around the tips of long 
metal structures, in the gaps of wire loops.  Of course, these metal 
devices don’t create energy, but can only redistribute it, so the effect 
is limited to some extent.  Also the high thermal conductivity and 
specific heat capacity make them good thermal sinks for any localized 
heat sources generated around them.”

Since deep brain stimulators in Parkinson’s patients involve metal implants 

that are essentially long metal structures with tips that interface with brain 

tissue and nerves within the brain and body, exposing such patients with 

implants to high levels of pulsed RF that can produce localized, high RF 

within the body is certainly inadvisable.  It is clear the IEEE SC4 committee 

recognized the potential risk by to calling such implanted metallic devices 



  
good ‘thermal sinks’ for localized heating dissipation.  

The FCC’s Grants of Authorization and other certification procedures do not 

ensure adequate safety to safeguard people under Department of Justice 

protection under the Americans with Disabilities Act.
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Appendix A Tables A1- A 48
RADIOFREQUENCY RADIATION VERSUS DISTANCE  



  
One Smart Meter
Table A1 60% Reflection (1%-100% duty cycles in each table)
Table A2 100% Reflection (1%-100% duty cycles in each table)
Table A3 1000% Reflection* (1%-100% duty cycles in each table)
Table A4 2000% Reflection* (1%-100% duty cycles in each table) 
_________________________________________________________

Multiple Smart Meters (Four**)
Table A5 60% Reflection (1%-100% duty cycles in each table)
Table A6 100% Reflection (1%-100% duty cycles in each table)
Table A7 1000% Reflection           (1%-100% duty cycles in each table) 
Table A8 2000% Reflection (1%-100% duty cycles in each table)

___________________________________________________________

One Collector Meter
Table AA9 60% Reflection (1%-100% duty cycles in each table)
Table A10 100% Reflection (1%-100% duty cycles in each table)
Table A11 1000% Reflection (1%-100% duty cycles in each table) 
Table A12 2000% Reflection (1%-100% duty cycles in each table)

__________________________________________________________

One Collector Meter + 3 SM**
Table A13 60% Reflection (1%-100% duty cycles in each table)
Table A14 100% Reflection (1%-100% duty cycles in each table)
Table A15 1000% Reflection (1%-100% duty cycles in each table) 
Table A16 2000% Reflection (1%-100% duty cycles in each table)



  
TABLES OF CRITICAL DISTANCES IN NURSERY (CRIB AT 11”)  
AND KITCHEN  SINK (AT 28”) FROM SMART METER               
(A17-A48)

Table A17 Nursery Set –
Table A18 One Smart Meter – Critical Distance 11” to baby in crib
Table A19 60%, 100%, 1000%, 2000% duty cycle
Table A20__________1% thru 90% duty cycle 
______________________________________________
Table A21 Nursery Set –
Table A22 Eight Smart Meters – Critical Distance 11” to baby in crib
Table A23 60%, 100%, 1000%, 2000% reflection
Table A24__1% thru 100% duty cycle

Table A25 Nursery  Set –
Table A26 One Collector– Critical Distance 11” to baby in crib
Table A27 60%, 100%, 1000%, 2000% reflection
Table A28__1% thru 100% duty cycle 
_________________________________________________
Table A29 Nursery Set –
Table A30 One Collector Meter + 7 SM– Critical Distance 11” to baby 
crib
Table A31 60%, 100%, 1000%, 2000% reflection
Table A32 1% thru 100% duty cycle

Table A33 Kitchen Set –
Table A34 One Smart Meter – Critical Distance 28” to kitchen sink person
Table A35 60%, 100%, 1000%, 2000% reflection
Table A36 1% thru 100% duty cycle 
________________________________________________
Table A37 Kitchen Set -
Table A38 Eight Smart Meters – Critical Distance 28” to kitchen sink 
person
Table A39 60%, 100%, 1000%, 2000% reflection
Table A40__1% thru 100% duty cycle

Table A41 Kitchen Set –



  
Table A42 One Collector – Critical Distance 28” to kitchen sink person
Table A43 60%, 100%, 1000%, 2000% reflection
Table A44 1% thru 100% duty cycle 

Table A45 Kitchen Set –
Table A46 One Collector + 7 SM – Critical Distance 28” to kitchen 
Table A47 60%, 100%, 1000%, 2000% reflection
Table A48 1% thru 100% duty cycle 

Appendix B Tables 1 – 33 of Report

Data Tables, FCC Violation Tables, Health 
Comparisions

Table 1 Radiofrequency Level at Each Duty Cycle and Reflection Factor at 6” in 
uW/cm2  (One Meter, Four Meters)

Table 2 Radiofrequency Level at Each Duty Cycle and Reflection Factor  at 6” in 
uW/cm2   (One Collector, 1C + 3 SM)

Table 3 RF Level of Each Duty Cycle and Reflection Factor at 11” in uW/cm2 in 
the Nursery (One meter, Four meters)

Table 4 RF Level of Each Duty Cycle and Reflection Factor at 11” in uW/cm2 in 
the Nursery (One Collector, 1C + 3 SM)

Table 5 RF Level of Each Duty Cycle and Reflection Factor at 28” in uW/cm2 in 
the Kitchen (One Meter, Four Meters)

Table 6 RF Level of Each Duty Cycle and Reflection Factor at 28” in uW/cm2 in 
the Kitchen (One Collector, 1C + 3 SM)

Table 7 Distance at which FCC Safety Limit is exceeded for 655 uW/cm2 time-
weighted average limit  (One Meter, Four Meters)

Table 8 Distance at which FCC Safety Limit is exceeded for 571/624 uW/cm2 



  
TWA limit  (One Collector, 1C+ 3 Smart Meters)

Table 9 Distance at which FCC Safety Limit is exceeded for peak power limit of 
4000 uW/cm2 – (1 SM, 4 SM; 1Collector, 1C + 3 SM)

Table 10 FCC Violations of the 655 uW/cm2 FCC limit at the face at 6” 
(One Meter, Four Meters)

Table 11 FCC Violations of the 571/624 uW/cm2 FCC limit at 6” at the face 
(One Collector, 1C + 3 SM)

Table 12 FCC Violations of the 655  uW/cm2 FCC limit at 11” in the Nursery 
(One Meter, Four Meters)

Table 13 FCC Violations of the 571/624  uW/cm2 FCC limit at 11” in the Nursery 
(One Collector, 1C + 3 SM)

Table 14 FCC Violations of the 655 uW/cm2  FCC limit at 28” in the Kitchen 
(One Meter, Four Meters)

Table 15 FCC Violations of the 571/624 uW/cm2 FCC limit at 28” in the Kitchen  
(One Collector, 1C + 3 SM)

Table 16 Potential FCC Violations of Peak Power Limit of 4000 uW/cm2 at 3”
(One SM, 4 SM)

Table 17 Potential FCC Violations of Peak Power Limit of 4000 uW/cm2 at 3” 
(One Collector, 1C + 3 SM)

Table 18 Nursery Radiofrequency Radiation Level Associated with Inhibition of 
DNA Repair in Human Stem Cells (92.5 uW/cm2 with 24 and 72-hour 
exposure – Markova et al, 2009) (One SM, 4 SM)

Table 19 Nursery Radiofrequency Radiation Level Associated with Inhibition of 
DNA Repair in Human Stem Cells (92.5 uW/cm2 with 24 and 72-hour 
exposure – Markova et al, 2009) (One Collector, 1 C + 3 SM)

Table 20 Nursery Radiofrequency Radiation Level Associated with Pathological 
Leakage of the Blood-brain Barrier (0.4 to 8 uW/cm2 with chronic 
exposure - Persson et al, 1997)    (One SM, 4 SM)

Table 21 Nursery Radiofrequency Radiation Level Associated with Pathological 
Leakage of the Blood-brain Barrier  (0.4 to 8 uW/cm2 with chronic 
exposure - Persson et al, 1997)  (One Collector, 1 C + 3 SM)

Table 22 Nursery Radiofrequency Radiation Level Associated with Adverse Health 



  
Symptoms from Cell Tower Studies (8 studies in total reporting sleep 
disruption, headache, fatigue, memory loss, concentration difficulties, 
irritability, increased cancer risk) (0.01 uW/cm2 with chronic exposure -
Kundi, 2009; Khurana et al, 2010) (One SM, 4 SM)

Table 23 Nursery Radiofrequency Radiation Level Associated with Adverse Health 
Symptoms from Cell Tower Studies (8 studies in total reporting sleep 
disruption, headache, fatigue, memory loss, concentration difficulties, 
irritability, increased cancer risk) (0.01 uW/cm2 with chronic exposure -
Kundi, 2009; Khurana et al, 2010) (One Collector, 1 C + 3 SM)

Table 24 Kitchen Radiofrequency Radiation Level Associated with Inhibition of 
DNA Repair in Human Stem Cells  (92.5 uW/cm2 with 24 and 72-hour 
exposure – Markova et al, 2009) (One SM, 4 SM)

Table 25 Kitchen Radiofrequency Radiation Level Associated with Inhibition of 
DNA Repair in Human Stem Cells 92.5 uW/cm2 with 24 and 72-hour 
exposure – Markova et al, 2009) (One Collector, 1 C + 3 SM)

Table 26 Kitchen Radiofrequency Radiation Level Associated with Pathological 
Leakage of the Blood-brain Barrier  (0.4 to 8 uW/cm2 with chronic 
exposure - Persson et al, 1997)     (One SM, 4 SM)

Table 27 Kitchen Radiofrequency Radiation Level Associated with Pathological 
Leakage of the Blood-brain Barrier  (0.4 to 8 uW/cm2 with chronic 
exposure - Persson et al, 1997)  (One Collector, 1 C + 3 SM)

Table 28 Kitchen Radiofrequency Radiation Level Associated with Adverse Health 
Symptoms from Cell Tower Studies (8 studies in total reporting sleep 
disruption, headache, fatigue, memory loss, concentration difficulties, 
irritability, increased cancer risk) (0.01 uW/cm2 with chronic exposure -
Kundi, 2009; Khurana et al, 2010) (One SM, 4 SM)

Table 29 Kitchen Radiofrequency Radiation Level Associated with Adverse Health 
Symptoms from Cell Tower Studies (8 studies in total reporting sleep 
disruption, headache, fatigue, memory loss, concentration difficulties, 
irritability, increased cancer risk) (0.01 uW/cm2 with chronic exposure -
Kundi, 2009; Khurana et al, 2010) (One Collector, 1 C + 3 SM)

Table 30 Radiofrequency Radiation Level Exceeds Medtronics Metal Implant 
Advisory for MRI SAR Exposure of 0.1 W/Kg at Frequencies also Used 
in Smart Meters at 11” (One SM, 4 SM)

Table 31 Radiofrequency Radiation Level Exceeds Medtronics Metal Implant 
Advisory for MRI SAR Exposure of 0.1 W/Kg at Frequencies also Used 



  
in Smart Meters at 11” (One Collector, 1 C + 3 SM)

Table 32 Predicted RF levels exceed BioInitiative Report recommended limit of 0.1 
uW/cm2  (One SM, 4 SM)

Table 33 Predicted RF levels exceed BioInitiative Report recommended limit of 0.1 
uW/cm2  (1 Collector 1C + 3 SM)

Appendix C

Other Sources of Information on sensitivity of 
the eyes and testes

In the most recent proposed revisions of RF safety standards, the IEEE SC4 



  
committee (2001) deliberated at length over the problem of peak power 
limits and non-uniform RF exposure with respect to the eye and testes.  The 
quotes below come from committee drafts submitted in response to 
questions from the committee moderator.

ANSI/IEEE standards adopted in 1992 (C95.1-1992) and 1999 revisions
June 2001 SC-4 Committee Minutes

These committee discussions are informative on the issue of particular organ 
sensitivity to RF, and unanswered questions and differences of opinion on 
the subject among members.  They discussed vulnerable organs (eyes, 
testes) and metallic implants that can intensify localized RF exposures 
within the body and its tissues (see also discussion on metallic implants).

Question 20:  Are there specific tissues or points within the body that have 
particularly high susceptibilities to local heating due to thermal properties 
in the immediate vicinity of the tissue?

Committee minutes include the following discussion on the particular 
sensitivities of ‘ball shaped’ organs including the eyes and testes. 

“Eye balls are commonly regarded as the critical organ”

“In the range of a few GHz (gigahertz), reasonances may occur in ball 
shaped eyes and testes.  They are also electrically and thermally partly 
insulated from other tissues.  Additionally these organs or some of their 
parts (lens) are thermally a little bit more vulnerable than other tissues.”

“(m)odeling has noted that rapid changes in dialectrics such as cerebral 
spinal fluid in the ventricles of the brain and surrounding brain tissue lead 
to high calculated SARs.  Secondly, exposure of the eye to microwave 
radiation can lead to increased temperature that is sufficient to damage 
tissues.  The temperature rise will, of course, depend on the intensity of the 
irradiation, how well the energy is coupled into tissues, and how well the 
deposited energy is removed by normal mechanisms such as conduction and 
blood flow.  Microwaves at the lower frequencies will be deposited deeper in 
the eye, while at higher frequencies they will be absorbed near the front 
surface of the eye.  The eye does not efficiently remove heat deposited
internally by microwave exposure.  The main avenue of heat removal is 



  
conduction and blood flow through the retina and choroid.  The lens has 
been thought to be the most vulnerable tissue since it has no blood flow.  
Other than conduction through the sclera and convection from the surface of 
the cornea, heat removal is poor compared to other body tissues.  Because 
the lens is avasular it has been thought to be particularly sensitive to 
thermal effects of microwave exposure.  These facts have led many 
investigators to postulate that the poor heat dissipation from within the eye 
of humans and other animals may lead to heat buildup and subsequent 
thermal damage.”

“Eyes do not have good blood circulation and testes have lower than body 
temperature.”

“These organs are not well-perfused, hence have been singled out for the 
exclusion.”

“Are the above numbers valid for all parts of the body in all exposure 
conditions over the time averaging period of the exposure?  They (the basic 
limits) were derived in the manner you describe in body reasonance 
conditions i.e. coherent exposure over the whole body length of a human.  
Could the limit values of SAR be increased for partial body exposure?  Yes, 
but we do not have the data to make this decision.  In the near field of a 
source, clearly the limit value will depend on frequency (depth of 
penetration), organ blood supply and tolerance of that organism to sustain a 
certain rate of temperature increase during the time averaging period and 
the environmental conditions.  If you have to deal with possible pathologies 
of organs then matters become even more complicated, because you are 
dealing not only with heat physiology, but also with general pathology, 
whose books are much thicker than those on physiology.
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