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Cell Phone Radiation Science Review
Executive Summary

More than 4 billion people around the world use cell phones (ITU 2009). Because cell phone technology has been
around for just two decades, scientists do not yet fully understand long-term health risks from cell phone radiation.

But recent research has prompted serious concerns about exposure to wireless emissions.

Prior to 2003, studies of cancer risk and cell phone
use produced conflicting results. FDA told consumers
that scientists had found no harmful health effects
from exposure to cell phone emissions. (FDA 2003).

But FDA's assurances were based on studies of
people who had used cell phones for just 3 years, on
an average (FDA 2003), not long enough to develop
cancer. At that time, studies had not addressed the
risks of longer-term exposures.

The research gap is closing. Scientists around the
world have recently associated serious health
problems with using cell phones for 10 years or
longer:

* Ajoint study by researchers in Denmark,
Finland, Norway, Sweden and the United
Kingdom found that people who had used cell
phones for more than 10 years had a
significantly increased risk of developing

glioma, a usually malignant brain tumor, on the

side of the head they had favored for cell

Recent studies link cell phone radiation to:

Brain cancer: Two analyses of 25 original publications
identified a 50 to 90 percent increase in risk for two types
of brain tumors: glioma and acoustic neuroma (Hardell
2009, Kundi 2009).

Salivary gland tumors: An Israeli study found an
increased risk of 50 to 60 percent for salivary gland
tumors among people with highest cell phone use
(Sadetzki 2008).

Behavioral problems: A study of 13,159 Danish children
showed 80 percent elevated risk for emotional and
hyperactivity problems among young children who use
cell phones and whose mothers also used cell phones
during pregnancy (Divan 2008).

Migraines and vertigo: A study of 420,095 Danish adults
showed that long-term cell phone users were 10 to 20
percent more likely to be hospitalized for migraines and
vertigo than people who took up cell phones more
recently. (Schuz 2009).

phone conversations (International Agency for Research on Cancer (IARC) 2008; Lahkola 2007).
* French and German scientists reported an increased risk of glioma for long-term cell phone users (Hours

2007; Schuz, Bohler, Berg 2006). Analysis of all published cell phone-brain tumor studies found that people
who had used a cell phone for 10 or more years, the overall risk for developing a glioma on the cell phone

side of the head increased by 90 percent (Hardell 2009; Kundi 2009).
* Cell phone use for 10 years and longer has been also associated with significantly increased risk of
acoustic neuroma, a type of benign brain tumor, on the primary side of cell phone use (IARC 2008;

Schoemaker 2005). An extensive review of published studies of acoustic neuroma found that long-term cell
phone users had a 60 percent greater risk of being diagnosed with the disease (Hardell 2009; Kundi 2009).
* Astudy from Israel reported an association between frequent and prolonged mobile phone use and parotid

(salivary) gland tumors (Sadetzki 2008). Scientists analyzing data from Sweden and Denmark combined
found that people who had used cell phones for at least 10 years ran an increased risk of benign parotid

gland tumors (IARC 2008; Lonn 2006).

* Multiple studies reported that the brains of young children absorb more radiation than those of adults (de
Salles 2006; Gandhi 1996; Kang 2002; Martinez-Burdalo 2004; Wang 2003; Wiart 2008), potentially
rendering them more vulnerable to brain tumors (NRC 2008b). Researchers in Sweden found the highest
risk of brain tumors among people who started using cell phones during adolescence (Hardell 2009).

Scientists have known for decades that high doses of the radiofrequency radiation emitted by cell phones can
penetrate the body, heat tissues, trigger behavioral problems and damage sensitive tissues like the eyeball and

testicle (Heynick 2003; IEEE 2006).



Yet when cell phones went on the market in the 1980s, federal regulators did not require manufacturers to prove

they were safe (GAO 1994).

Recent studies raise particular concerns about the impact of cell phone emissions on children. The National
Research Council (NRC) has observed that "with the rapid advances in technologies and communications utilizing
[radiation in the range of cell phone frequencies], children are increasingly exposed... at earlier ages (starting at
age 6 or before)" (NRC 2008b). The NRC called for "investigation of the potential effects of RF fields in the

development of childhood brain tumor" (NRC 2008b).

* Research by France Telecom scientists showed that under standard conditions of use, twice as much cell
phone radiation would penetrate a child’s thinner, softer skull than an adult’s (Wiart 2008). These results
confirm earlier findings that children’s heads absorb more radiofrequency radiation than adults (Gandhi

1996; Kang 2002; Wang 2003).

* Children will be exposed to cell phone radiation for more years and therefore in greater total amounts than

the current generation of adults (NRC 2008b).

Few research studies have focused on the health hazards of
children’s cell phone use, even though the youth market is
growing. But one recent study of 13,159 Danish children
showed that young children who use cell phones and whose
mothers also used cell phones during pregnancy are 80
percent more likely to suffer emotional and hyperactivity
problems (Divan 2008).

In response to the growing debate over the safety of cell
phone emissions, government agencies in Germany,
Switzerland, Israel, United Kingdom, France, and Finland and
the European Parliament have recommended actions to help
consumers reduce exposures to cell phone radiation,
especially for young children.

In contrast, the two U.S. federal agencies that regulate cell
phones, the Food and Drug Administration (FDA) and the
Federal Communication Commission (FCC), have all but
ignored evidence that long term cell phone use may be risky.

Government actions: radiation standards and
public education

Health agencies in six nations — Switzerland,
Germany, Israel, France, United Kingdom, and
Finland — have recommended reducing children’s
exposures to cell phone radiation.

In 2008, the European Parliament passed a
resolution urging member countries to develop
lower radiation emission limits for cell phones.
Legislation introduced in the French Senate would
ban marketing and sales of phones for children
under age 6.

Brussels, Belgium; Salzburg, Austria; and
Christchurch, New Zealand have proposed strict
local cell phone radiation standards. Toronto has
issued guidance to parents on reducing children’s
cell phone use.

The FCC adopted radiation standards developed by the cell phone industry 17 years ago. These standards, still in
use, allow 20 times more radiation to reach the head than the rest of the body. They do not account for risks to

children.

While compiling a database of radiation emitted by more than 1,000 cell phones sold in the U.S., the
Environmental Working Group has found that emissions can vary by a factor of up to 8 from one phone to another.

The cell phone industry has reported 270 million wireless subscriptions by the end of 2008, equivalent to 87
percent of the U.S. population (CTIA 2009, ITU 2009). This number is only expected to grow. Consumers need —
at a minimum — easy access to cell phone radiation information so that they can make informed purchasing
decisions and protect themselves and their families from potential health concerns.

Studies: Cell phone radiation may cause tissue damage

Cell phones communicate via electromagnetic waves. During signal transmission, a comparable amount of
radiation travels outward, towards the base station, and inward, towards the ear or head of the cell phone user.

(IEGMP 2000).



Cell phone waves are in the “radiofrequency” range. They lack the penetrating energy of X-rays and radioactivity.
Scientists are still exploring how cell phone radiation may cause the harmful effects that some studies have
described.

Scientific research conducted over the past decade has
associat_ed ceII.phone raQiation with increased risk of_ non-ionizing radiation that has a longer
developing brain and _sallyary gland tgmors, neurological wavelength, lower frequency and lower overall
symptoms such as migraine and vertigo, and energy per photon than UV light, X-rays and
neurodevelopmental effects observed as behavioral problems gamma rays (a form of radioactivity), which are
in young children (Biolnitiative 2007; Divan 2008; Kundi 2009; known as ionizing radiation because they have
Sadetzki 2008; Schuz 2009). enough power to eject an electron from its orbit

and leave behind a charged ion that can damage
The National Research Council has reported that exposure to | Cells and tissues.
cell phone radiation may affect the immune, endocrine and
nervous systems, fetal development and overall metabolism
(NRC 2008b). Children are likely to be more susceptible than adults to effects from cell phone radiation, since the
brain of a child is still developing and its nervous tissues absorb a greater portion of incoming radiation compared
to that of an adult (Gandhi 1996; Kang 2002; Kheifets 2005; Schuz 2005; Wang 2003; Wiart 2008).

Cell phones, radios and TV transmissions emit

FCC industry radiation standards have little margin of safety

The FCC'’s cell phone radiation standards closely follow the recommendations of the Institute of Electrical and
Electronics Engineers (IEEE) (FCC 1997). These standards allow 20 times more radiation to penetrate the head
than the rest of the body and do not account for risks to children.

FCC standards limit the radiation absorbed by a cell phone user’s brain and body to a specific absorption rate, or
SAR, measured by the amount of the phone’s radiation energy (in watts, W) absorbed per kilogram of tissue
(W/kg).

Current FCC regulations permit SAR levels of up to 1.6 W/kg for partial body (head) exposure, 0.08 W/kg for
whole-body exposure, and 4 W/kg for exposure to the hands, wrists, feet and ankles (FCC 1997, 1999).

The FCC standards are based on animal studies conducted in late 1970s and early 1980s (Osepchuk 2003).
FCC, on the recommendation of the IEEE, adopted SAR level of 4 W/kg as the point of departure for determining
legal SAR limits for cell phones. In contrast to the FCC decision, an independent analysis by the EPA scientists
concluded, on the basis of the same body of data, that biological effects occur at SAR levels of 1 W/kg, 4 times
lower than the SAR level chosen by IEEE (U.S. EPA 1984). Exposure to radiofrequency radiation at these SAR
levels induces tissue heating that leads to behavioral alterations in mice, rats, and monkeys, that may be a
“potentially adverse effect in human beings” (IEEE 2006).

Current FCC standards fail to provide an adequate margin of safety for cell phone radiation exposure and lack a
meaningful biological basis.

For example, the FCC standard for the head is just 2.5 times lower than the level that caused behavioral changes
in animals. The standard that applies to hands, wrists, feet, and ankles has no safety margin whatsoever.

The FCC adopted IEEE’s proposal to allow 20 times more radiation to the head than the average amount allowed
for the whole body, even though the brain may well be one of the most sensitive parts of human body with respect
to radiofrequency radiation and should have more protection.

To receive the FCC approval for selling a cell phone in the U.S. market, manufacturers typically conduct the
phone's SAR tests themselves or contract with the private industry. Private industry organizations
(Telecommunication Certification Bodies) are also actively involved in all steps of determining the compliance of
cell phones and other wireless devices with the FCC rules (FCC OET 2008f).



SAR testing of cell phones is carried out on a mold in the shape of an adult torso or head which is filled with a
viscous fluid mixture selected to simulate the electrical properties of human tissue (GAO 2001). To determine
SAR, a cell phone is placed next to the outer surface of the mold and turned on to transmit at the maximum power
while a probe is inserted into the viscous inner mixture at various locations, measuring the radiofrequency energy
that is being absorbed (GAO 2001).

FCC, the cell phone industry, and the academic community all acknowledge that SAR measurements have
significant precision problems (Cardis 2008; FCC OET 2008e; GAO 2001; Wiart 2008). Studies by scientists in
academia and the cell phone industry demonstrate that SAR is significantly influenced by the age, shape of the
head, and tissue composition (Conil 2008; Wang 2003; Wiart 2008).

The greatest debate is whether the current methods for SAR measurement is adequate for assessing radiation
absorption in children's brains (Gandhi 1996; Wang 2003). Recent research on SAR in test models for children's
brains and bodies indicates that SAR levels in children would be much higher than in adults (Conil 2008; de Salles
2006; Gandhi 1996; Martinez-Burdalo 2004; Wang 2003; Wiart 2008).

Cell phone standards ignore children

Scientists in a number of countries agree that the head and brain of a child absorb significantly more radiation
than those of an adult (de Salles 2006; Gandhi 1996; Kang 2002; Wang 2003; Wiart 2008). Yet U.S. cell phone
emission levels and federal standards are based on radiation absorbed by adults and fail to account for children’s
higher exposures and greater health risks.

In general, as head size decreases, the percentage of energy absorbed by the brain increases,(Martinez-Burdalo
2004). Moreover, children’s tissues have higher water and ion content compared to adult tissues (Peyman 2009).
Both factors increase radiation absorption, acccording to researchers from the U.S., the Finnish cell phone
company Nokia, Institute of Applied Physics in Spain and the U.K. Health Protection Agency (Gandhi 2002;
Keshvari 2006; Martinez-Burdalo 2004; Peyman 2009).

All these data, taken together, suggest that when a child uses a cell phone that complies with the FCC standards,
he or she could easily absorb an amount of radiation over the maximum allowed radiation limits defined by the
federal guidelines. FCC standards give adults only a slim margin of safety over emission levels that harm animals.
For children, the margin is much slimmer — if one exists at all.

Consumers have a right to full information on cell phone radiation levels

Cell phone manufacturers opposed SAR disclosure (Lin 2000) until 2000, when the FCC began posting cell phone
SAR values on its web site. After the FCC decision, the Cellular Telecommunications Industry Association (CTIA)
began requiring manufacturers to disclose cell phone SARs.

According to CTIA guidelines, a mobile phone SAR value must be listed in the user manual or on a separate
sheet. The trade association does not require listing the SAR value on the box or the phone itself (Microwave
News 2000).

Cell phone radiation levels are rarely available at retail locations. Consequently, consumers cannot easily identify
low-radiation phones.

FCC maintains a database of mobile phone SAR values for devices currently on the market, but it is difficult to
use. With significant effort, a consumer can navigate the FCC website to find the SAR value for a specific phone.

To search the FCC database, the consumer needs the mobile phone's FCC ID number, located on a sticker
underneath the phone’s battery. The first three characters of the FCC ID is the Grantee Code; the remaining
numbers and letters of the ID are a product code that can be entered into the online FCC ID Search Form
(http://www.fcc.gov/oet/ea/fccid), to pull up five to seven data entries. Consumers must scroll manually through
each of the data entries to locate the document that lists the SAR value for the specific mobile phone.



In contrast to this cumbersome process, the German Federal Office for Radiation Protection (BfS) maintains a
detailed, open directory of information on mobile phones available in the German market (BfS 2008b). Such a
publicly available database greatly facilitates consumers' access to SAR data, enables informed purchasing
decisions and encourages phone manufacturers to offer lower-SAR phones.

Recommendations

The U.S. government should require phones to be labeled with their radiation emissions at the point of sale, so
consumers can make informed decisions about the phones they buy.

The cell phone industry should offer consumers phones that operate with the least possible radiation, and should
make each phone's radiation emissions available at the point of sale.

Cell phone users can protect themselves and their families by buying low-radiation phones. Look for currently
available low-radiation options in the EWG’s cell phone radiation buyer's search tool that lists radiation output of
more than 1,000 cell phones.

Cell phone users can also reduce exposures by using their phone in speaker mode or with a headset.

And please help us tell the government to update its cell phone standards.

ewg.org/cellphoneradiation/executivesummary



Cell Phone Radiation Science Review
Section 1: Do cell phones cause cancer or other illnesses?

Research on cancer risk in cell phone users

Researchers and public health experts worldwide actively debate if cell phone radiation can lead to brain cancer
(American Cancer Society 2008; FDA 2003; Hardell 2009; IARC 2008, 2009b; Kundi 2009). While earlier, short-
term studies did not find an increased risk of brain cancer (Ahlbom 2009; Croft 2008; FDA 2003), long-term data
published over the last four years found an increased risk of developing two types of brain tumors on the
ipsilateral side (the side of the brain on which the cell phone is primarily held) among people who used a cell
phone for longer than 10 years (Hardell, Carlberg 2006b; Hours 2007; Lahkola 2007; Lonn 2005; Schoemaker
2005; Schuz, Bohler, Berg 2006; Takebayashi 2008):

* Glioma — a typically malignant tumor of the brain that arises from glial cells that provide physical support
for the central nervous system;
* Acoustic neuroma — a benign tumor of the vestibulocochlear nerve that innervates the ear.

Two recent studies also reported increased risk of salivary gland (parotid gland) tumors among cell phone users
(Lonn 2006; Sadetzki 2008).

In the late 1990s, the International Agency for Research on Cancer (IARC) developed a multinational case-control
study, INTERPHONE, to address strong public concerns about cell phone safety (Cardis 1999). The goal of the
INTERPHONE study was to investigate whether the radiofrequency radiation emitted by cell phones is
carcinogenic (IARC 2009b). Thirteen countries participated in the project (Australia, Canada, Denmark, Finland,
France, Germany, Israel, Italy, Japan, New Zealand, Norway, Sweden and the UK). The study ran from 2000 to
2006, cost 30 million U.S. dollars (Economist 2008) and involved 14,078 study participants, among them 2,765
glioma, 2,425 meningioma, 1,121 acoustic neurinoma, 109 malignant parotid gland tumour cases and 7,658
controls (Cardis 2007).

The publication of final results and conclusions of the entire INTERPHONE study has been delayed for three
years since the conclusion of the study (IARC 2009a; Microwave News 2009). Scientists have questioned whether
the study design methods were adequate for detecting increased cancer risk, and whether recall biases might
have impacted the quality of the data and resultant conclusions (Cardis 2007; Kundi 2009; Vrijheid, Armstrong
2009; Vrijheid, Cardis 2006; Vrijheid, Deltour 2006; Vrijheid, Richardson 2009). Meanwhile, scientists from
different international centers have begun to publish their findings independently (Cardis 2007; Lonn 2005;
Schlehofer 2007; Schoemaker 2005; Schuz, Bohler, Schlehofer 2006; Takebayashi 2006).

As described in the article published by the Economist in September 2008:

“Delays in releasing the report have been due to “the difficulty of interpreting the findings due to potential
biases” and to the “conducting of additional analyses to try and disentangle the potential impacts of
selection and recall errors on the risk estimates”. The Interphone researchers are split into three camps.
One believes any increased incidence of tumours shown in the study is purely the result of the biases.
Another thinks it really has found increased risks of certain tumours and wants to call for precautionary
measures. A third group is just keeping quiet. One person who knows many of the scientists, but prefers not
fo be named, describes the relations between members of the three groups as “strained”—harsh language
in the world of scientific research.” (Economist 2008)

The latest update of the INTERPHONE study results, published on October 8, 2008 (IARC 2008), included 6
publications that found some increase in the risk of glioma for long-term cell phone users, especially on the
ipsilateral side (Christensen 2005; Hours 2007; Lahkola 2007; Lonn 2005; Schuz, Bohler, Berg 2006). This side of
the head absorbs 97-99% of the total electromagnetic energy deposited in the brain during calls (Cardis 2008),
which supports the link between cell phone use and ipsilateral brain tumor development. Only two of the
INTERPHONE studies did not find an increased glioma risk (Hepworth 2006; Takebayashi 2008). Increased risk



of glioma associated with long-term cell phone use has been also reported by the Hardell group in Sweden
(Hardell, Carlberg 2006b; Hardell 2009).

INTERPHONE results for acoustic neuroma are more varied. Of the 7 INTERPHONE reports on acoustic
neuroma, 5 publications based on less than 10 years exposure did not detect an increased risk (Christensen
2004; Hours 2007; Klaeboe 2007; Schiehofer 2007; Takebayashi 2006). In contrast, two publications that were
based on longer than 10-year exposure reported an increased risk of acoustic neuroma (Lonn, Ahlbom 2004;
Schoemaker 2005). Similar to glioma, the risk for developing acoustic neuroma appears to be strongest for tumors
on the ipsilateral side and long-term exposures (Hardell, Carlberg 2006a; IARC 2008).

A meta-analysis that combined results from all brain tumor studies published to date reported that among people
who had used cell phones for more than 10 years, the risk of ipsilateral brain tumor increased by 90% for glioma
and 60% for acoustic neuroma (Hardell 2009; Kundi 2009). Some studies have also reported an increased risk of
the benign brain tumor meningioma, although the risk appears to be smaller and thus much harder to detect
(Hardell 2009; Kundi 2009; Takebayashi 2008). Authors of the study noted that the risk appears to be higher in
rural areas where phones typically radiate at higher intensities to allow signals to reach distant transmission
towers (Hillert 2006).

While the publication of the final INTERPHONE summary is pending (IARC 2009a), detailed post-study analysis
suggested that some of the negative findings may have been related to the study design and methods for
determining past personal patterns of cell phone use (Hardell and Hansson Mild 2006; IARC 2008; Vrijheid,
Cardis 2006; Vrijheid, Deltour 2006; Vrijheid, Mann 2009; Vrijheid, Richardson 2009). For example, among studies
where the observed effects were weak, an increased risk of brain tumor was nevertheless reported for long-term
users, users with the largest number of calls, and users with the largest numbers of telephones (Hours 2007;
Schoemaker 2009).

Recently, a large-scale, multi-center study in Israel also found an association between salivary (parotid) gland
cancer and heavy use of cell phones, especially for rural areas where cell phones typically transmit at higher
power (Sadetzki 2008). As reported by the team of Israeli scientists, the anatomic location of the parotid gland just
below the ear would makes it vulnerable to cell phone radiation exposure. Parotid tumor occurs at a relatively
young age (43-55 years of age), so that many current cell phone users may already be at risk for these tumors
(Sadetzki 2008).

Researchers found a 48-58% increased risk of salivary gland tumors among people who make the greatest total
number of calls or who log the most time on the phone without a hands-free device compared to others in the
study group, on the side of the brain on which the cell phone was held (ipsilateral). No increased risk was seen for
tumors on the other side of the head (Sadetzki 2008). The Israeli findings are in close agreement with an earlier
study conducted in Sweden and Denmark; this study, based on a cohort about 1/3rd the size of the Israeli cohort,
observed a 40% increased risk of ipsilateral benign tumors (Lonn 2006).

The fact that scientists have measured increased tumor risk in so many studies of cell phone users is even more
powerful given that people have used cell phones widely for only about a decade, while cancer typically requires
15-20 years to develop. It seems likely that studies conducted in future years may find more consistent and higher
cancer risks (Ahlbom 2004; Ahlbom 2009; Krewski 2001; Krewski 2007; Kundi 2009; Kundi 2004).

Strikingly, the field of research on the health effects of cell phone use has exhibited the signature pattern of a so-
called “funding effect,” a biased outcome due to source of funding, observed in studies funded by tobacco
companies or the manufacturers of industrial chemicals such as the endocrine disrupting plasticizer BPA (vom
Saal 2005). In 2001, the U.S. Government Accountability Office voiced a strong concern about the reliability of
results from industry-funded studies conducted without government oversight (GAO 2001). A recent systematic
review of the source of funding and results of studies of health effects of cell phone use indicated that studies
funded by the cell phone industry were ten times more likely to report no adverse effects compared to studies
funded by public agencies or charities (Huss 2007; Huss 2008). Thus, some of the heterogeneity in the earlier
literature could be related to the source of funding, whereby research sponsors could influence the design of the
study, the nature of the exposure, and the type of outcome assessed.
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Cell phones and health effects other than cancer

New lines of research are examining central nervous system diseases other than brain tumors in relation to cell
phone use:

* Arecent Danish study noted an increased risk for neurological symptoms such as migraine and vertigo for
cell phone users (Schuz 2009);

» Scientists have found an increased risk for Alzheimer disease associated with electromagnetic radiation
(Huss 2009);

* A study from the University of California, Los Angeles found a correlation between prenatal exposure to
cell phone radiation and behavioral problems in children (Divan 2008).

* Six studies from the U.S., Australia, Japan and Europe reported that exposure to cell phone radiation has
an adverse effect on sperm counts, motility and vitality (Agarwal 2009; De luliis 2009; Erogul 2006; Fejes
2005; Salama 2009; Yan 2007).

In animal studies, scientists have found that exposure during gestation to radiofrequency radiation like that
emitted by cell phones is associated with decreased fetal growth, developmental abnormalities, and death of
offspring (Biolnitiative 2007; Heynick 2003). In occupational health studies for female physiotherapists, conducted
in Sweden, Israel, and Finland, scientists found that workplace exposure to radiofrequency radiation during
pregnancy is associated with low birth weight, congenital malformations, fetal death, and spontaneous abortions
(Kallen 1982; Lerman 2001; Taskinen 1990).

The key question in the cell phone research field is how radiofrequency radiation like that from cell phones affects
biological tissues and cells. Scientists have proposed and explored a number of possible mechanisms:

* A number of studies examined the potential for genotoxicity of elecromagnetic fields (harm to genetic
material in body cells that can lead to mutations and cancer) (Biolnitiative 2007; Phillips 2009). While the
evidence is not yet conclusive, one quarter of studies published on this issue found a genotoxic effect from
low-level exposures (Vijayalaxmi 2008).

* Scientists have reported that cell phone radiation affects levels of reactive oxygen species (ROS) inside
the cell (Irmak 2002; Zmyslony 2004). In turn, higher ROS levels trigger intracellular signaling cascades
that interrupt the smooth functioning of the cell. Changes in the activation status of molecules within these
signaling cascades can lead to inflammation, heart disease, cancer and other chronic health conditions
(Boutros 2008; Muslin 2008; Skaper 2007).

* Cell phone radiation-induced reactive oxygen species may well be the causative agent that induces DNA
damage, which is a precursor to cancer (Phillips 2009) and a potential mechanism of toxicity to sperm
cells (De luliis 2009).

* Radiofrequency radiation has been associated with a change in the activity of white blood cells (Aly 2008).

* Exposure to cell phone radiation has been associated with cell death and activation of intracellular
signaling molecules (Lee 2008). There is a vigorous debate in the literature regarding the types of
conditions under which radiofrequency radiation would cause cell death (Guney 2007; Nikolova 2005;
Palumbo 2008; Zhao 2007).

As described in a recent expert review, “In a living cell, many important processes occur by electron transfer
across membrane structures in a well-organized manner, ions cross selective channels, proteins get activated and
deactivated by cascades of precisely regulated enzymes” (Kundi 2009). These electronic processes would likely
be affected by the electromagnetic fields, leading to altered cellular function, growth, and differentiation (Karinen
2008; Moisescu 2008; Zareen 2009). While none of these processes individually can be considered equivalent to
the development of disease, all of them are associated with chronic adverse health effects and need to be
considered in the assessment of radiofrequency radiation impact on biological organisms.

ewg.org/cellphoneradiation/Health-problems
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Cell Phone Radiation Science Review
Section 2: Cell Phone Safety Standards

Radiofrequency radiation associated with cell phones

FCC established the first radiation standards for cell phones in 1996, 13 years after cell phones were first
marketed in the U.S. The agency adopted limits recommended by industry (IEEE C95.1-1991) that were
established to protect against high-dose thermal effects, that allow a 20-fold higher exposure to the head (1.6
W/kg) compared to the rest of the body (0.08 W/kg), and that do not account for a child’s higher exposure and
greater vulnerability to cell phone radiation.

In the U.S., cell phones operate at electromagnetic wave frequency of either 800-900 megahertz (MHz) or 1800-
1900 MHz. This frequency range is called radiofrequency (RF), since radios and TVs operate in the same portion
of electromagnetic spectrum. The power density or intensity of transmitted electromagnetic field (EMF) is
measured in watts (W) per m2 or, more commonly, milliwatts per cm2 (mW/cm2).

Cell phone radiation is transmitted by the antenna and the circuit elements inside the handset. The antenna and
the circuit elements send out the electromagnetic wave (RF radiation) to transmit the signal. The inner antenna is
usually a metal helix or a metal rod a few centimeters long that is able to transmit RF radiation of sufficient power
S0 as to deliver the signal from the handset to the base station. The antenna is typically located on the back of a
cell phone or a wireless device. The power at which a cell phone must transmit to reach a base terrestrial station
is affected by many factors, such as frequency (900 or 1800 MHz), the phone distance from the base station, and
physical obstacles between the phone and the base station. To overcome obstacles and interference, a cell phone
transmits at greater power. This power is controlled from the base station.

In a rural area with sparse locations of cell phone towers, cell phones need to transmit signal at a greater power
(Hillert 2006). A study in Sweden demonstrated that in the rural area, the highest power level was used about 50%
of the time, while the lowest power was used only 3% of the time. The corresponding numbers for the city area
were approximately 25% and 22% (Lonn, Forssen 2004). In agreement with these data, rural users of cell phones
appear to be at a higher tumor risk compared to urban users, likely due to higher power radiation emitted by a
phone when located further away from a base station (Hardell 2005; Sadetzki 2008).

EMF radiation emitted by a cell phone antenna is not very directional — similar amounts of radiation are
transmitted outward, towards the base station, and inward, towards the ear/head of a cell phone user where they
readily penetrate into the body and are absorbed into the inner tissues (Independent Expert Group on Mobile
Phones (IEGMP) 2000). Of note, it is possible to design directional antennas so as to decrease radiation
exposure to the cell phone user (Wireless Galaxy 2009). Multiple factors influence how much radiation goes into
the head, including: the type of digital signal coding in the network, such as GSM (Global System for Mobile
Communication), CDMA (Code division multiple access) or UMTS (Universal Mobile Telecommunication System);
the antenna design; location of the antenna relative to the head; and the position of the hand or use or an
earpiece (Swiss Federal Office of Public Health 2009c).

Of the total radiation emitted towards the head, most (97-99%, depending on frequency and cell phone network)
is absorbed in the brain hemisphere on the side where the phone is used (Cardis 2008). The temporal lobe, an
area of the brain involved in auditory processing, formation of long-term memory, as well as some aspects of
speech and vision, receives the highest radiation exposure (Cardis 2008). Additionally, when a phone is worn near
the waist during its use (as may occur when a corded or a cordless headset is used), much of the outgoing
radiation is be absorbed by adjacent soft tissues, which may pose health risks (Agarwal 2009; Swiss Federal
Office of Public Health 2009¢; Whittow 2008).

Absorption of radiofrequency energy involves interaction with polar molecules or ions inside the cells and in
extracellular fluids such as cerebrospinal fluid, leading to readily detectable temperature elevation in organs and
tissues (ICNIRP 1998; IEEE 2006). The heat generated in tissues absorbing RF energy can cause thermal effects
that range from behavioral problems to damage to sensitive tissues like the eyeball or testicle. Researchers have

11



also suggested non-thermal mechanisms of action for some of the effects seen in studies, including effects on ion
channels within a cell, effects on membrane enzymes, creation of membrane pores, and free radical formation;
scientists worldwide are actively investigating these possible effects of cell phone radiation (NRC 2008b; Weaver
2006).

Specific absorption rate (SAR) for the cell phone radiation

Biological effects caused by radiofrequency radiation depend on the rate at which the energy is absorbed by a
particular mass of tissue, calculated as specific absorption rate, or SAR, and measured in watts per kilogram
(W/kg). Since brain structures on the side where a cell phone is used (the ipsilateral side) receive significantly
higher dose of radiation, and since radiation is unevenly absorbed into different types of tissues (bone, cartilage,
nervous tissue, or distinct anatomical structures within the brain), international experts agree that more precise
SAR measurements can be obtained when averaging over a smaller volume of tissue (Cardis 2008).

In general, energy absorption rate increases with greater conductivity of tissue and decreases with greater tissue
density. Absorption rate is also directly proportional to the intensity of the electromagnetic field (its power density).
To carry out an SAR test, a mold in the shape of human torso or head is filled with a fluid designed to simulate the
electrical properties of human tissue. Typically, a head model is filled with a thick, viscous mixture that is meant to
simulate the conductivity of head tissues; the mixture includes water, salt, sugar, and a chemical viscosity
additive. During testing the phone is placed next to the outer surface of the mold and made to transmit a signal at
full power while an inner probe is moved through the fluid mixture, measuring the radiofrequency energy that is
being absorbed at various locations (IEC 2005). The certified SAR level of a given phone is supposed to be the
highest SAR value measured during those tests.

FCC, the industry, and the academic community all acknowledge that SAR measurements have significant
precision problems (Cardis 2008; Conil 2008; FCC OET 2008e; GAO 2001; Wiart 2008). Studies by scientists in
academia and the cell phone industry, demonstrated that it is difficult to generalize between the SAR induced in
two given heads, for people of different ages or body types (Wiart 2008). Although significant methodological
improvements occurred over the last decade, in 2008 FCC reported persisting “issues and concerns in applying
these [SAR] procedures correctly” (FCC OET 2008b). Additionally, two modeling studies carried out in Japan
demonstrated that the whole body SAR can be substantially higher than the current standard when short subjects
are exposed to high-power cell phone radiation (Hirata 2007; Wang 2006).

The current SAR standard may pose especial risk to the health of children (Martinez-Burdalo 2004). Children’s
tissues have higher numbers of ions compared to adults, resulting in greater conductivity and increased capacity
to absorb radiation (Gabriel 2005; Peyman 2009). Children’s heads also have smaller thicknesses of the pinna,
skin and skull, reducing the distance from the handset to the peripheral brain tissues (Conil 2008; Wiart 2008).
These factors result in higher SAR exposure for young children. According to a recent study with SAR testing
models designed to correspond to the 5-8 year old child, a child’s head would absorb twice the radiation of an
adults’ (Wiart 2008). Similar results have been reported by the University of Utah researchers in 1996 (Gandhi
1996) and by the researchers from the Nagoya Institute of Technology (Japan) in 2003 (Wang 2003). Due to
higher absorption of radiation, when a child uses a high-emitting cell phone, he or she could easily get an
exposure over the current FCC limit (Conil 2008).

U.S. SAR standards for cell phones

The FCC limits for cell phone radiation exposure (47CFR 2.1093(d)), based on IEEE recommendations, permit
the following SAR levels for whole-body exposure and for partial-body or localized exposure (FCC 1997, 1999):

* Partial-body exposure (head): up to 1.6 W/kg, averaged over 1 g of tissue;
*  Whole-body exposure: up to 0.08 W/kg, averaged over 1 g of tissue;
* Hands, wrists, feet, and ankles: up to 4 W/kg, averaged over 10 grams of tissue.

The current SAR standards for radiofrequency radiation were based on animal studies conducted in the late
1970s and early 1980s. These studies demonstrated behavioral alterations, such as disruption of food-motivated
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learned behavior, in several animal species, including non-human primates (squirrel monkeys) at an SAR above 4
W/kg (IEEE 2006; Osepchuk 2003). According to the Institute of Electrical and Electronics Engineers (IEEE)
International Committee on Electromagnetic Safety, these behavioral changes “may be a potentially adverse
effect in human beings” (IEEE 2006).

FCC, on the recommendation of the IEEE, adopted an SAR level of 4 W/kg as the point of departure for
determining legal SAR limits for cell phones. In contrast to the FCC position, an independent analysis by the EPA
scientists concluded, on the basis of the same body of data, that biological effects occur at SAR levels of 1 W/kg,
4 times lower than the level chosen by IEEE (U.S. EPA 1984). The EPA’s Science Advisory Board reviewed the
draft EPA report twice prior to publication. The Science Advisory Board concluded that the report “represents an
adequate statement of the current scientific literature and can serve as a scientifically defensible basis for the
Agency’s development of radiation protection guidance for use by Federal agencies to limit exposure of the
general public to radiofrequency radiation” (SAB 1984).

Based on the EPA analysis, a point of departure at 1 W/kg SAR may well be a more scientifically defensible
hazard level that should be used for determining legally acceptable exposure limits. In fact, the EPA scientist in
charge of editing the 1984 report, D.F. Cahill, published a peer-reviewed paper where he indicated that SAR of 0.4
WI/kg is likely to be a conservative threshold point (Cahill 1983), 10 times lower than the departure point chosen
by IEEE. This conclusion is supported by a growing body of studies from researchers world-wide that observe
biological effects of cell phone radiation at SAR values significantly below the limits adopted by FCC (reviewed in
(Biolnitiative 2007; Independent Expert Group on Mobile Phones (IEGMP) 2000)).

Of note, the IEEE-recommended SAR of 4 W/kg as the point of departure for adverse health effects corresponds
to short-term exposure and does not take into account long-term or chronic exposure (RFIAWG 1999). Thus, the
existing FCC cell phone standard may well be insufficient for protecting human health from potential effects of life-
long use, especially for susceptible populations such as young children.

Slim margin of safety provided by the current FCC standards

The FCC standards, adopted from the 1992 IEEE recommendation, are not based on a comprehensive risk
assessment and fail to provide a reasonable margin of safety for exposure to cell phone radiation. Assuming a
conservative, and likely overestimated departure point for health effects at an SAR value of 4 W/kg, the exposure
standard for the head, at 1.6 W/kg, has only a 2.5-fold margin from the level that produced adverse behavioral
effects even though it is possibly the most sensitive part of the human body, while exposure to hands, wrists, feet,
and ankles at 4 W/kg, has no safety margin whatsoever. Moreover, as discussed above, children aged 5-8 may
receive twice higher SAR compared to adults (Wiart 2008), so that under the current radiation standards a young
child can easily receive a level of radiation exposure at which adverse behavioral effects are observed in animals.

The approach that IEEE/FCC took to the development of the cell phone radiation standard stands in stark contrast
to the risk management approach practiced by the Environmental Protection Agency (EPA). According to EPA,
protective reference values should be derived in a way that accounts for both the uncertainty and the variability in
the data available (U.S. EPA 2008). In this framework, variability refers to heterogeneity or diversity in the human
population, such as different exposure frequencies and duration and differences in response such as genetic or
age-specific difference in vulnerability to a particular physical, chemical, or biological agent. Further, uncertainty is
typically due to a paucity of available information, for example, for extrapolation from animal data to humans,
extrapolating from short-term to chronic exposure and lack of information on all health endpoints affected by the
exposure (NRC 2008a; U.S. EPA 2002). To account for uncertainty and variability, one of several, generally 10-
fold, default factors are used in EPA risk assessments for operationally deriving the reference exposure values
from experimental data (U.S. EPA 2009).

The goal of applying the uncertainty/variability factors for developing general population exposure standards is to
ensure that an adequate margin exists to protect infants, young children, and other vulnerable populations from
harmful exposures. The choice of specific uncertainty factors (UF) depends on the quality of the studies available
and the extent of the research database. EPA has developed certain general principles that apply to most risk
assessments (U.S. EPA 2002):
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* Interspecies UF accounts for different sensitivity between humans and laboratory test species; it generally
falls between 3 and 10, but factors more than 10 might also be applied;

* Intraspecies UF accounts for variability in response between different people; this factor is generally set at
10 and needs to be higher so as to specifically protect children;

*  Subchronic-to-chronic duration UF is typically set at a default value of 10 whenever the results of a short-
term exposure study are used to derive a long-term exposure standard;

* Finally, for certain exposures during the vulnerable period of development, such as exposure of young
children to pesticides, an additional safety factor of 10 is used (mandated under Food Quality Protection
Act of 1996).

Of note, the development of the IEEE standard did not involve risk assessment and uncertainty factor
considerations as applied by the EPA. A statement from a recent review on the history of the standard is very
telling: “to account for uncertainties in the data and to increase confidence that the limits are below levels at which
adverse effects could occur, somewhat arbitrary safety factors (typically 10-50) are applied to the established
threshold” (Osepchuk 2003).

As described by the IEEE 2005 “Standard for Safety Levels with Respect to Human Exposure to Radio Frequency
Electromagnetic Fields”, IEEE applies a safety factor of 10 for whole body exposure and adds an additional factor
of 5 so as to “recognize public concerns and take into account uncertainties in laboratory data and in exposure
assessment” (IEEE 2006). Why a factor of 5 and not 10, the default factor typically used by EPA in cases of
uncertainty (U.S. EPA 2002)? According to IEEE, the International Committee on Electromagnetic Safety
determined that “an additional factor of 10 was likely excessive and a factor of 2 not sufficiently differentiating from
the upper tier” (IEEE 2006). IEEE has argued that even this 5-fold factor may be excessive and unnecessary and
that exposure limits for the general population need to be set at the same higher level as for occupationally
exposed people in the workplace (IEEE ICES 2002; Microwave News 2001). IEEE based this recommendation on
an untested hypothesis that there would be no difference in sensitivity of different population subgroups to
electromagnetic radiation (IEEE ICES 2002).

In its assessment, IEEE has sanctioned a 20-fold higher SAR values for the head (1.6 W/kg) than the whole-body
exposure (0.08 W/kg). There are no scientific data to support this decision. As indicated in the authoritative
assessment from the Radiofrequency Interagency Work Group (RFIAWG), a task force that included the National
Institute for Occupational Safety and Health (NIOSH), EPA, FCC, Occupational Safety and Health Administration
(OSHA), and the National Telecommunications and Information Administration, the brain may well be the most
sensitive part of the human body with respect to radiofrequency radiation, and would require a more and not less
protective standard (FDA 2008a; RFIAWG 1999).

Over the past several years, IEEE has been pressuring FCC to further relax the SAR standard for mobile phones,
so that greater energy absorption into the head would be legally permitted (IEEE ICES 2002; Li 2006; Lin 2006;
Microwave News 2001; Silva 2002). As promoted by the IEEE, the new upper limit for exposure to the head would
be 2 W/kg instead of the FCC limit of 1.6 W/kg (IEEE 2006). The new IEEE standard (2006) also proposed to
increase allowed SAR levels for the ear (“pinna”) from 1.6 W/kg to 4/0 W/kg, the same as current standards for
hands, wrists, feet and ankles (IEEE 2006)

IEEE also proposed to switch to a method of SAR determination that involves averaging absorbed radiation over
10 g of tissue (IEEE 2006), even though it is well known that averaging over a greater volume tends to
underestimate the SAR value by a factor of 2-3 (Cardis 2008; Gandhi 2002). Although so far this proposal has not
been adopted by the FCC, in the past FCC had a disconcerting track record of accepting IEEE recommendations
without peer review by an independent body of scientific experts (GAO 2001; Lin 2006).

U.S. cell phone certification is primarily carried out by private industry organizations

Cell phones certified by FCC for use in the U.S. must be shown to comply with the legal SAR limits. Yet, cell
phone manufacturers opposed public SAR disclosure until 2000, when the FCC began posting cell phone SAR
values on its web site (Lin 2000). After the FCC decision, the Cellular Telecommunications Industry Association

(CTIA) began requiring manufacturers to disclose cell phone SARs.
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It takes effort and persistence to locate the radiation emission (SAR) value for a cell phone either on the
manufacturer’s website or in the FCC database. There is no standard format for SAR disclosure by the
manufacturers, so a search can be very time consuming. According to CTIA guidelines, a mobile phone SAR
value must be listed in the user manual or on a separate sheet. The trade association does not require listing the
SAR value on the box or the phone itself (Microwave News 2000).

The FCC Office of Engineering and Technology (OET) is the main division within the FCC responsible for cell
phone certification and oversight of all radiofrequency equipment in general. FCC has several equipment approval
programs, all of which involve the use of the private sector to varying degrees, including:

* Verification (self-approved by the manufacturer). According to 47CFR 2.902, “Verification is a procedure
where the manufacturer makes measurements or takes the necessary steps to insure that the equipment
complies with the appropriate technical standards. Submittal of a sample unit or representative data to the
Commission demonstrating compliance is not required unless specifically requested by the Commission”

* Declaration of Conformity (manufacturer self-approved using an accredited lab). According to 47CFR
2.906, “Declaration of Conformity is a procedure where the responsible party, as defined in Sec. 2.909,
makes measurements or takes other necessary steps to ensure that the equipment complies with the
appropriate technical standards. Submittal of a sample unit or representative data to the Commission
demonstrating compliance is not required unless specifically requested.”

* Certification. According to 47CFR 2.906, “Certification is an equipment authorization issued by the
Commission, based on representations and test data submitted by the applicant”.

Certification of a cell phone or any other type of device can be approved by the FCC or a Telecommunication
Certification Body (TCB), which is a private industry certification organization. As described in 47CFR 2.960, “The
Commission may designate Telecommunication Certification Bodies (TCBs) to approve equipment as required
under this part. Certification of equipment by a TCB shall be based on an application with all the information
specified in this part. The TCB shall process the application to determine whether the product meets the
Commission's requirements and shall issue a written grant of equipment authorization. The grant shall identify the
TCB and the source of authority for issuing it.”

According to the FCC, “A TCB is a private organization, which is authorized to issue grants, within its scope of
designation, for equipment subject to the FCC'’s certification procedure. Under these rules, a TCB has the
authority to review and grant an application for certification to the FCC rules” (FCC OET 2008f). Examples of
devices that can receive certification either through the FCC or through a TCB include cell phones; radiofreqency
lights; microwave ovens; family radio; telemetry transmitters; walkie talkies (FCC OET 2008c). Of note, the rules
for FCC-TCB interaction are not listed in 47CFR. As described by an FCC representative in a conversation with
EWG on April 1, 2009, FCC-TCB interaction is a "constantly developing process." Typically, FCC gives new
guidelines to TCBs on an ongoing basis, usually in the format of TCB workshops held 2-3 times a year (FCC OET
2005a, b, 2006, 2008a).

Considering the widespread use of cell phones and other wireless communication devices, it is surprising that the
vast majority of them do not undergo direct FCC review. FCC has defended the use of the private sector for
certification and issuing grants of equipment authorization, stating that in the Agency’s opinion, a private
certification system allows for rapid adjustment to changing technology with shorter product life cycles; faster
product approvals; access to technical expertise and ability to certify equipment; increase in resources performing
conformity assessment; efficiencies in designing and approving products in the same geographic location; as well
as reduced uncertainty and delay in obtaining certification (FCC OET 2005a). However, multiple issues of
oversight, conflict of interest, adequate auditing and public disclosure hamper the transparency of the TCB
certifications (GAO 2001).

In the TCB process, the manufacturer, an accredited lab, or a TCB can test the SAR value of a sample phone. A
TCB then reviews the mobile phone test data and application for compliance. The application must demonstrate
concordance with the FCC limits (47CFR2.1093(d)) for the phone to receive equipment authorization. If the review
is favorable, TCB enters the product into the FCC database and FCC issues a so-called “grant of equipment
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authorization” within a few days. The TCB uploads supporting information to the FCC site electronically and FCC
does not review the materials before the grant of equipment authorization is issued. The manufacturer pays
application fees to the TCB fees but not the FCC (FCC OET 2005a, 2008g).

A path for manufacturer application directly to FCC also exists. This path involves FCC fees, FCC examiner
review and FCC engineer review. If no problems or questions arise during the FCC review, the agency issues a
grant of equipment authorization in about 30-45 days from when the application was received; the process may
be delayed depending on potential FCC queries (FCC OET 2005a).

Over 100 FCC-recognized TCBs exist in the U.S. alone, and the number of international FCC-recognized TCBs is
much greater (FCC OET 2009). While statistics specific for mobile phones’ equipment authorization are not
publicly available, in 2005, from over 7000 applications for radiofrequency equipment authorization, fewer than
1000 grants were authorized by the FCC and the rest of the applications were authorized by TCBs (FCC OET
2006). In 2006 and 2007, the number of TCB-authorized applications continued to rise to over 9000 in 2007, while
the number of FCC-authorized applications remained around 500 (~ 5% of the total) (FCC OET 2008e). Specific
statistics for cell phones are not available. However, statements from TCB suggest that majority of cell phones go
through TCB certification, as illustrated by a representative quote from the website of Intertec, an accredited TCB:

“The FCC has designated Telecommunication Certification Bodies (TCB) to certify products for the FCC in a
shorter timeframe, allowing manufacturers like you to get to market quicker. Intertek is a TCB and can help you
with your FCC testing and certification in less than half the time it takes the FCC.... Partnering with Intertek for
both FCC Testing and FCC Certification saves both time and money... We have expert TCB reviewers throughout
the United States and Asia, enabling fast, simple, and convenient FCC testing and cetrtification for manufacturers
around the globe... Our reviewers have undergone detailed TCB training from the FCC, and they maintain a
continuing education program with the FCC to stay abreast of any changes that may occur to any Part of the
Rules. Each reviewer has had significant hands-on experience performing FCC tests and preparing their own
applications to the FCC. We can issue your certification within days, not months. The FCC currently averages 35
days to issue certification. Since time-to-market is such a critical factor, that’s a risk not worth taking. With TCB
reviewers around the world and direct links to forms and guides to help you with the process, Intertek is the
answer for quick and accurate FCC testing and certification.” (Intertec 2009)

While the FCC has authority to audit any grants of equipment authorization and conduct its own verification, this
happens very rarely. In 2005, FCC established an Audit and Compliance Branch within the OET Laboratory
Division in order to test and evaluate various types of authorized equipment and perform TCB audits (FCC OET
2005b, c, 2008d). Initially, the Audit and Compliance branch was tasked with auditing 20% of TCB Grants;
sampling and testing 2% of of the total number of products approved by TCB for a given year (FCC OET 2005b).
This degree of oversight was soon found by the Commission to be insufficient and, in October 2008, FCC
introduced a new set of rules for internal auditing programs that TCBs need to carry out (FCC OET 2008a). The
surveillance sample amount was raised to 5% of authorized equipment, including 1% of grants for wireless
devices that are subject to SAR measurements (FCC OET 2008a).

TCBs are also required to conduct post-market surveillance, auditing at least 5% of the total number of products
certified by the TCB. For post-market testing, TCBs can obtain samples by requesting a grantee to submit a
sample of the product certified or by purchasing a sample of the product from the marketplace. The TCB must file
with the FCC an annual summary of all surveillance audits performed, and TCBs are required to notify FCC if a
violation is detected (FCC OET 2008h). However, as EWG found out in a conversation with FCC Auditing and
Compliance Branch on April 1, 2009, FCC does not store the audit information, and TCBs are not required to
submit the actual results of their audits to FCC; in fact, auditing data are considered to be TCB's proprietary
information.

Under the 47CFR rules and regulations, FCC can request a TCB to provide reports of surveillance activities
carried out by the TCB or to test samples of products certified by the TCB. Occasionally, FCC conducts
independent testing, usually in response to a complaint from the field. If a non-compliance or violation instance is
detected, such as inappropriate radiofrequency channel use or electromagnetic interference with medical devices
(FCC 2009; FCC OET 2008a, h), the FCC Enforcement Bureau (http://www.fcc.gov/eb/) has the authority to issue
a wide range of sanctions (FCC OET 2008a). In a conversation with EWG on April 1, 2009, FCC officials indicated
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that cell phone radiation emissions are generally not a subject of violations enforcement, since, in the opinion of
FCC, these types of issues are resolved during the TCB/FCC certification process.

ewg.org/cellphoneradiation/cellphone-safety-standards
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Cell Phone Radiation Science Review
Section 3: Government Action on Cell Phone Radiation Levels

Worldwide, scientists, public health experts, and many government agencies are making recommendations for
children to avoid using cell phones and generally for cell phone users to aim towards lower radiation exposure

(Leitgeb 2008; Mead 2008). Recommendations from government agencies of several countries and international
organizations are summarized below.

Country

Agency or

Organization

Federal Office of

Switzerland Public Health (FOPH

Recommendations on
restricting children’s
cell phone use

“Either keep your calls
short or send a text

message (SMS) instead. This

Headset
recommendation

“Use a wireless
hands-free system
(headphone, headset)
with a low power

Other
recommendations

“When buying a mobile
phone, make sure it has
a low SAR.” "Whenever
possible, only use your
phone when the signal
quality is good." Be wary
of radiation shields and
other such protective
devices that are claimed

2009¢) advice applies especially to Bluetooth emitter to to limit exposure to
children and adolescents.” reduce radiation to e
the head.” radiation. They may
reduce the connection
quality and therefore
force the phone to
transmit at a higher
output power.”
Use a landline telephone
whenever available. Use
Federal Office for cell phones with a low
Radiation Best to use a headset chi;ami(r:o.éllws /:?S
Germany Protection Exposure minimization for  instead of talking cell phone (gr —=s
(Bundesamt fur children and youngsters. directly into the cell shorter calls) when
Strahlenschutz (BfS) phone. .
2008d) phone has a \{veak signal.
Send an SMS instead of
calling. (translated from
German)
Under the new legislation,
“all public communication,
whatever the means or
support, that aim, directly Under the new
or indirectly to promote legislation,
L . sale, availability or use of  “radiofrequency
l&g%:::;‘:: :ye 'lr;:le cell phones by children devices that would be
French Senat and  Younger than 1‘2_years old conngcted to any
the Ministry of would be prohibited. Sale  public cell phone
France Health and Sports or free distribution of service provider may

(Ministére de la
Santé et des Sports
2009; Sénat francais
2009)

products containing

radiofrequency devices and

aimed specifically for use

by children younger than 6

years of age may be
forbidden by order of the

not be sold without an
accessory device that
would allow limiting
head exposure to
radiofrequency
waves.” (translated

Health Minister, in order to from French)
limit excessive exposure of

children.” (translated from

French)
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Israel

United
Kingdom

Canada

Finland

19

Ministry of Health
(2008)

Department of
Health (2005)

The city of
Toronto’s
Department of
Public Health
(Toronto Public
Health 2008a,
2008b)

Finnish Radiation
and Nuclear Safety
Authority
(Sateilyturvakeskus
(STUK) 2009)

Limiting children’s use of
cell phones

"UK Chief Medical Officers
strongly advise that where
children and young people

do use mobile phones, they

should be encouraged to:
use mobile phones for
essential purposes only;

keep all calls short - talking

for long periods prolongs
exposure and should be
discouraged.”

“Given that cell phones are

in increasingly common use

by children and youth ages

10 to 19 years, it is prudent

to continue to direct
messages to the public so
as to avoid unnecessary
exposure to RFs
[radiofrequencies] among
young people.” "While cell
phones are important for
communication and for
safety reasons, parents
should be aware of what
they can do to reduce any
risks from their child’s use
of a cell phone.” “Today’s
children have started to
use cell phones at a
younger age, therefore
their lifetime exposure to

cell phone RFs will likely be

greater. As a result, the
chances that a child could
develop harmful health
effects from using a cell
phone for a long time may
be greater.”

“It would be good to
restrict children’s use of
mobile phones.”
“Precaution is
recommended for children
as all of the effects are not
known.”

Use wired earpieces

“Toronto Public Health
is recommending that
children, especially
pre-adolescent
children, use landlines
whenever possible,
keeping the use of cell
phones for essential
purposes only, limiting
the length of cell
phone calls and using
headsets or hands-free
options, whenever
possible.”

"Parents are
recommended to
guide their children to
use a hands-free that
minimises the
exposure of head
significantly. When
using a hands-free it is
recommended to keep
the mobile phone at
least a few

centimetres away

from the body.”

Avoid cellular
communication in
enclosed places such as
elevators and trains.
(translated from Hebrew
in (Azoulay 2008))

“Keep your calls short.”
“Consider relative SAR
values when buying a
new phone.”

“Parents who buy cell
phones for their children
should look for ones with
the lowest emissions of
RF [radiofrequency]
waves.” "When cell phone
reception is low (this
happens when the base
station antenna is far
away) and when a cell
phone is being used
during high speed travel
(i.e. driving in a car)
power being emitted
from the cell phone must
be increased in order to
maintain reception. Cell
phone use by children
should be limited during
these times in order to
reduce exposure to RFs.”

“Parents are
recommended to advice
their children to use
rather SMS messages than
mobile phone calls.”
“Parents may restrict the
number of their
children’s mobile phone
calls and their duration.”
“STUK does not find it
justifiable to totally
prohibit children’s use of
mobile phones. Mobile
phones also create safety
because they make
children’s communication
with parents easier.”



Russian National
Committee on
Russia Non-lonizing
Radiation
Protection (2008)

European
Parliament
Food and Drug
1 Administration
United ¢
States (FDA) Office of

Women's Health
(FDA 2007)

"Potential risk for the
children’s health is very
high.” “The current safety
standards for exposure to
microwaves from the
mobile phones have been
developed for the adults
and don't consider the
characteristic features of
the children’s organism.”

"[The Parliament notes]
that the limits on exposure
to electromagnetic fields
which have been set for
the general public are
obsolete. They do not take
account of developments in
information and
communication
technologies or vulnerable
groups, such as pregnant “Use of hands-free
women, newborn babies Kits”
and children. The plenary
therefore calls on the
Council... to set stricter
exposure limits for all
equipment which emits
electromagnetic waves in
the frequencies between
0.1 MHz and 300 GHz"
(European Parliament
2008b).

“Ultimate urgency to
defend children’s health
from the influence of the
EMF [electromagnetic
fields] of the mobile
communication systems.”

“A wide-ranging
awareness campaign to
familiarise young
Europeans with good
mobile phone
techniques, such as the
use of hands-free kits,
keeping calls short,
switching off phones
when not in use (such as
when in classes) and
using phones in areas
that have good
reception” (European
Parliament 2009).

"Cell phones should
expose people to the
least RF [radiofrequency
radiation] possible.”
"People who use cell
phones need to be told
of any bad effects.”

Recommendations from governments and international agencies

Switzerland

For personal cell phone use, the Swiss Federal Office of Public Health (FOPH) states: “The effects of radiation
from mobile telephony on brain function and the occurrence of brain tumours are currently under investigation.
Until such time as reliable research findings are available, it is advisable to minimize exposure of the head to
radiation” (Swiss Federal Office of Public Health 2009c¢). Swiss FOPH advises to:

* Use a wireless hands-free system (headphone, headset) with a low power Bluetooth emitter to reduce
radiation to the head.

*  When buying a cell phone, make sure it has a low SAR.

» Either keep your calls short or send a text message (SMS) instead. This advice applies especially to
children and adolescents.

*  Whenever possible, only use your phone when the signal quality is good.

* People with active medical implants should keep their cell phone at least 30 cm away from the implant at
all times.



With respect to overall exposure to cell phone radiation in the radiofrequency range in the entire Switzerland,
since 1999 public exposures to emissions in 900 MHz range have been restricted to 4 V/im (6 mW/cm2), while
exposures in 1800 MHz range have been restricted to 6 V/m (10 mW/cm2).

Germany

For the past several years, the German Federal Office for Radiation Protection (Bundesamt fur Strahlenschutz,
BfS) has been advocating a cell phone SAR safety level of 0.6 W/kg (BfS 2008b). As part of this process, a “Blue
Angel” eco-seal has been developed for low-emission cell phones (Blaue Engel 2008). In 2008, BfS estimated
that approximately 30% of cell phones in the German market have emissions at or below 0.6 W/kg (BfS 2008b).

BfS recommends a precautionary approach to cell phone use for children, such as using a landline; making
shorter cell phone calls; avoiding using a cell phone when the connection is weak; and, as much as possible,
using a headset and substituting text messaging instead of making a call (BfS 2008d). BfS has also
recommended the same precautions for adult cell phone users, additionally including a recommendation for
purchasing cell phones with low SAR values (BfS 2007).

France

The French Senat is now considering legislation restricting the use of cell phones for children, including a ban on
the advertising of cell phones to children under the age of 14, ban on sales of phones intended for use by children
under the age of 6. The new legislation will also require all handsets to be sold with accompanying headsets
(Bremner 2009; Le Monde 2009; Ministere de la Santé et des Sports 2009; Sénat frangais 2009).

Israel

In 2008, Israel’s Ministry of Health stated that although it is still not clear whether cell-phone use is connected to
an increased risk of developing cancerous growths, current research already supports a policy of "preventive
caution" (Israel Ministry of Health 2008). The Ministry published a set of guidelines that called for limiting
children's use of cell phones, avoiding cellular communication in enclosed places such as elevators and trains,
and using wired, not wireless, earpieces (Azoulay 2008). The Ministry developed these guidelines following a
national study that detected an association between cell phone use and the risk for developing tumors of the
salivary gland (Sadetzki 2008; Traubmann 2007).

United Kingdom

The UK Department of Health supports “a precautionary approach” to the use of cell phones until more research
findings become available. 2000 and 2005 editions of the Department of Health publication "Cell Phones and
Health" stated that where children and young people do use cell phones, they should be encouraged to:

* Use cell phones for essential purposes only;
* Keep all calls short - talking for long periods prolongs exposure and should be discouraged.

The UK Chief Medical Officers recommend that if parents want to avoid their children being subject to any
possible risk that might be identified in the future, the way to do so is to exercise their choice not to let their
children use cell phones (UK Department of Health 2005).

The UK Department of Health further stated in its publication "Government Response to the Report from the
Independent Expert Group on Cell phones (Stewart Group)": “Consumer should have access to the SAR values
when considering purchasing a cell phone. The Government will expect SAR measurements to be displayed at all
points of sale and with each cell phone and on the world wide web. The Government considers that the SAR
value should be viewed in context, for example, by comparing the SAR value against the recommended exposure
limits” (UK Department of Health 2004).

Finland

In January 2009, the Finnish government stated that children's cell phone use should be restricted, for example,
by sending text messages instead of talking, making shorter calls, using a hands-free device, and avoiding the
use of cell phones when connection is weak. According to the Finnish report, “although research to date, has not
demonstrated health effects from cell phone’s radiation, precaution is recommended for children as all of the
effects are not known” (STUK (Finnish Radiation and Nuclear Safety Authority) 2009).
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Regarding the current studies on cancer risk of cell phone use, Finnish government concluded that while “on the
grounds of the studies to date, it is not possible to make such a conclusion that cell phones would cause a health
risk... Since it takes years to develop a cancer and cell phones have been in common use only for about ten
years, the possibility, that a link between cell phone use and cancer might be found in later population studies,
cannot be ruled out” (STUK (Finnish Radiation and Nuclear Safety Authority) 2009).

Italy
In 2001-2003, Italy set an exposure limit of 60 V/m and a quality goal of 6 V/m for broadcast and cell phone
transmitters in buildings where people work for more than four hours per day.

The European Parliament

The European Parliament resolution on the mid-term review of the European Environment and Health Action Plan
2004-2010, approved on September 4, 2008 by 522 votes to 16, recommended stricter exposure limits for cell
phones and other wireless devices. The Action Plan review included a key section on wireless technology:

“[The Parliament notes] that the limits on exposure to electromagnetic fields which have been set for the general
public are obsolete. They do not take account of developments in information and communication technologies or
vulnerable groups, such as pregnant women, newborn babies and children. The plenary therefore calls on the
Council... to take into account the Member States' best practices and thus to set stricter exposure limits for all
equipment which emits electromagnetic waves in the frequencies between 0.1 MHz and 300 GHz” (European
Parliament 2008b).

Article 22 of the 2008 Resolution highlights the importance of the precautionary approach supported by the
European Environment Agency and promotes adoption of the stricter emission standards such as those
developed in Belgium, Italy and Austria (European Parliament 2008a).

The European Parliament resolution on “Health concerns associated with electromagnetic fields” (INI/2008/2211),
adopted by 559 votes to 22 on 2 April 2009, called for bringing greater transparency to the radiofrequency
radiation exposure and for adoption of precautionary measures. The resolution stated:

*  Wireless technology (cell phones, Wi-Fi/WiMAX, Bluetooth, DECT landline telephones) emits EMFs that
may have adverse effects on human health. Most European citizens, especially young people aged from
10 to 20, use a cell phone, while there are continuing uncertainties about the possible health risks,
particularly to young people whose brains are still developing.

* The scientific basis and adequacy of the EMF limits should be reviewed by the European Commission.

* Aswell as, or as an alternative to, amending European EMFs limits, the Commission, working in
coordination with experts from Member States and the industries concerned, should draw up a guide to
available technology options serving to reduce exposure to EMFs.

* EU member states should make available to the public, maps showing exposure to high-voltage power
lines, radio frequencies and microwaves, and especially those generated by telecommunications masts,
radio repeaters and telephone antennas. That information should be published on the internet.

* A wide-ranging awareness campaign should be initiated to familiarize young Europeans with good cell
phone techniques, such as the use of hands-free kits, keeping calls short, switching off phones when not in
use (such as when in classes) and using phones in areas that have good reception.

U.S. Food and Drug Administration Office of Women's Health
FDA Office of Women's Health released a publication in 2007 offering several recommendations:

* "More studies on cell phone RF [radiofrequency radiation] are needed."
*  “Cell phones should expose people to the least RF possible.”
*  “People who use cell phones need to be told of any bad effects.”

International Commission on Non-lonizing Radiation Protection (ICNIRP) Statement on EMF Emitting New
Technologies (ICNIRP 2008):
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“Recent developments in telecommunication and wireless technology have led to increasing numbers of new
devices and systems that emit radio frequency (RF) electromagnetic (EM) energy. Implementing these
developments has resulted in large numbers of individuals at the workplace or in the general public being
exposed to RF-EMFs... There are questions being posed about health effects associated with exposure to these
new systems and devices, which have not been tested per se in terms of health risks. They may have signal
characteristics that are unique and different from the currently used technologies, and they may also cause the
total level of exposure to rise because of the superposition of electromagnetic fields (EMFs) emitted by new and
existing sources.”

Biolnitiative Report

In 2007, the Biolnitiative Working Group, an international collaborative group of radiation scientists, cancer
researchers and public health policy professionals issued the "Biolnitiative Report: A Rationale for a Biologically-
based Public Exposure Standard for Electromagnetic Fields (ELF [extremely low frequency electromagnetic fields]
and RF [radiofrequency radiation])." The report highlighted extensive concerns about the safety of existing
electromagnetic field radiation limits for power lines, cell phones, and many other sources of electromagnetic
radiation exposure in daily life. The Biolnitiative group urged for development of "new public safety limits and limits
on further deployment of risky technologies" (Biolnitiative 2007).

The Russian National Committee on Non-lonizing Radiation Protection
According to the 2008 report from the Committee, children younger than 18 years of age may face increased
health risks from cell phone radiation, since:

* Absorption of the electromagnetic energy in a child’s head is considerably higher than that in the head of
an adult because children’s brain has higher conductivity, smaller size, thin skull bones, and due to smaller
distance from the antenna;

* Child’s organism is more sensitive to the EMF compared to adult’s;

» Developing brain has higher sensitivity to the accumulation of the adverse effects under chronic exposure
to the EMF;

* EMF affects the formation of the process of the higher nervous activity;

* Today’s children will spend longer time using cell phones than today’s adults.

As a result, in the opinion of the Committee, children are likely to face the following health hazards following long-
term exposure: “disruption of memory, decline of attention, diminishing learning and cognitive abilities, increased
irritability, sleep problems, increase in sensitivity to the stress, increased epileptic readiness” (Russian National
Committee on Non-lonizing Radiation Protection 2008).

European Environment Agency (EEA)
EEA stated that “precautionary and proportionate actions taken now to avoid plausible and potentially serious
threats to health from EMF are likely to be seen as prudent and wise from future perspectives” (EEA 2007).

TCO certification program, Sweden

TCO Development, a standard-setting group owned by the Swedish Confederation of Professional Employees,
develops product certifications for various types of office and electronic equipment. TCO certification program
recommends a cell phone SAR value below 0.8 W/kg (TCO 2001). http://www.tcodevelopment.com/

Austrian Institute for Applied Telecommunications (Osterreichische Institut fur angewandte Telekommunikation
(OIAT))

The Austrian Institute for Applied Telecommunications in co-operation with the Austrian Federal Chancellery, the
Federal Ministry for Social Security, Generations and Consumer Protection, and Mobilkom Austria developed an
information website, Handywissen.at, with recommendations for cell phone use. While the OIAT does not consider
that the current state of science indicates health risks from cell phones, their website provides tips for the cell
phone users such as:

* If possible, do not make phone calls when the signal quality is poor (as displayed by the number of bars on
the phone). If the reception is poor, the cell phone automatically increases radiation strength to transmit the
signal.
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* Use hands-free equipment (headset). Regardless of whether a wired head set or Bluetooth is used -
headsets reduce the radiation exposure to the head from the cell phone.

* Attention: radiation protection products (for example, a cell phone sticker) are mostly counterproductive or
have no physical effect.

* Use cell phone models with a low SAR value.

*  For shorter information exchange, send SMS.

* Radiation emitted by the cell phone is highest in the first moment of establishing connection. Bring the cell
phone to the ear after the person on the other end of the line responds (Austrian Institute for Applied
Telecommunications 2008). (translated from German)

Eurobarometer survey
In 2006-2007, the European Commission Directorate General for Health and Consumer Affairs commissioned a
survey of public perception of health risks associated with electromagnetic fields. The survey found:

* Two-thirds (65%) of EU citizens are not satisfied with the information that they receive about potential
health risks linked to EMF and consider available information “insufficient.”

* Across the European Union, the vast majority (80%) of citizens do not feel that they adequately informed
on the existing protection framework relating to potential health risks of electromagnetic fields.

* Majority (60%) of the European public does not consider public authorities to be efficient enough in
protecting them from potential health risks.

Cities taking action

Toronto, Canada

In 2008, the Toronto’s Department of Public Health stated: “Research on the health effects from cell phone RFs on
children is very limited since the use of cell phones by young people is a relatively new trend. Scientists are not
yet sure what the health effects in children are from using a cell phone. While research continues in this area,
some scientists feel that children may be more susceptible to harmful effects of RFs from cell phones for several
reasons:

* Pre-teen children have a smaller head and brain size, thinner skull bones, skin and ears.

* Their nerve cells also conduct energy like RFs more readily than an adult’s or teenager’s nerve cells.

* Children’s brains and nerves are also still developing so they are likely to be more sensitive to exposures
of RFs.

Today’s children have started to use cell phones at a younger age, therefore their lifetime exposure to cell phone
RFs will likely be greater. As a result, the chances that a child could develop harmful health effects from using a
cell phone for a long time may be greater” (Toronto Public Health 2008b).

“Children, especially pre-adolescent children, use landlines whenever possible, keeping the use of cell phones for
essential purposes only, limiting the length of cell phone calls and using headsets or hands-free options,
whenever possible (Toronto Public Health 2008a)”. “Parents who buy cell phones for their children should look for
ones with the lowest emissions of RF waves... When cell phone reception is low (this happens when the base
station antenna is far away) and when a cell phone is being used during high speed travel (i.e. driving in a car)
power being emitted from the cell phone must be increased in order to maintain reception. Cell phone use by
children should be limited during these times in order to reduce exposure to RFs” (Toronto Public Health 2008b).

Brussels, Belgium

In 2007, the Brussels Capital-Region of Belgium adopted a maximum limit for exposure to 900 MHz frequency
radiation in all publicly accessible zones at 0.024 W/m2 (corresponds to electric field strength of 3 V/m),
significantly lower than the FCC maximum permissible exposure (Centre Démocrate Humaniste (cdH) 2007;
Parlement de la Région de Bruxelles-Capitale 2007). While the majority of GSM cell phone towers in Belgium
transmit at levels below 3V/m, certain stations transmit at significantly higher levels, up to 25 V/m (Belgian
Institute for Postal Services and Telecommunications 2009). Following the regional Brussels decision in 2007, the
cell phone operators and the Belgian federal Health Ministry jointly challenged the 3V/m rule in court. In January
2009, the Belgian Constitutional Court ruled that individual regions of Belgium have a right to set more strict
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radiation emissions standards to protect the health of their citizens (Ecolo 2009; Huytebroeck 2009a). The 3 V/m
measure is set for implementation in the Brussels region from September 2009 (Huytebroeck 2009b).

Salzburg, Austria
In 2000, the city of Salzburg has adopted a “precautionary strategy” by setting the maximum exposure level for
GSM (Global System for Mobile communications) cell phone base stations at 0.1 mW/cm2.

Christchurch, New Zealand

Christchurch Council in New Zealand established a public exposure limit for radiofrequency radiation at 2
mW/cm2. The standard was challenged in a lawsuit but was upheld by the judge of the South New Zealand
Environment Court.

United States: The National Research Council report and research by the National Toxicology
Program

In 2008, the National Research Council of the National Academies issued a report, "ldentification of Research
Needs Relating to Potential Biological or Adverse Health Effects of Wireless Communication". According to the
report, outstanding research needs in the area of cell phone health effects include: 1) characterization of exposure
to potentially vulnerable populations such as children, pregnant women and the developing fetus, and people with
special sensitivities; 2) prospective epidemiological studies of childhood cancers, including brain cancer, and their
potential relationship with cell phone use; 3) human laboratory studies that focus on possible adverse effects on
electric potentials (brain waves) and neural networks in various parts of the brain; 4) ongoing research of potential
biophysical, biochemical, and molecular mechanism of radiofrequency radiation action on living tissue; 5)
dosimetry studies with different cell phones and other types of wireless devices and the SAR that they can deliver
to different parts of the body (NRC 2008b). FDA has been an official partner with the National Research Council in
identifying outstanding research needs in cell phone exposure and health effects research (FDA 2008b).

The National Toxicology Program, in collaboration with several academic centers across the U.S. and
internationally, is now developing a large-scale, long-term series of studies to examine the health effects of cell
phone radiation in experimental animals (both mice and rats) (Capstick 2008; McCormick 2008; Melnick & Portier
2005). The study partners include the IIT Research Institute (Chicago) and the Foundation for Research on
Information Technologies in Society (IT’IS, Switzerland), with animal exposure system operation independently
validated by U.S. National Institute of Standards and Technology (NIST, Boulder, CO).

The NTP studies will re-examine the thermal effects of radiofrequency exposure on animals, analyze the health
effects of the perinatal pre-chronic exposure (scheduled for completion in 2009), and identify any chronic toxicity
or oncogenicity (scheduled for completion in 2011) (McCormick 2008). The overall objective of these studies is to
determine the potential toxic and/or carcinogenic effects of exposure to cellular phone radiofrequency emissions
in laboratory animals. This information would then be used to determine the adequacy of current guidelines for
protecting against potential adverse effects of chronic exposure (Ball 2008).

ewg.org/cellphoneradiation/Government-Action
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Cell Phone Radiation Science Review
Section 4: Radiation - Bluetooth, Wired Headsets & Cordless Phones

There is a great need for publicly available information on radiation emission levels associated with cell phones.
This disclosure should be done at the point of sale.

A recent market study indicated that shoppers considered the SAR value of a phone important for their safety and
a key element of their purchasing decision (Wiedemann 2008). Yet, as found in a 2006 survey by the German
Federal Office for Radiation Protection, only 11% of respondents considered themselves well informed on the
subject of cell phone radiation (BfS 2008c).

Using a headset is one of the simple, easy steps that consumers can take to decrease their exposure to cell
phone radiation. Yet, which headset to use - wired or wireless? The research below discusses the latest science
on the subject.

Bluetooth radiation emissions

According to findings and recommendations by government agencies and researchers in different countries, the
use of Bluetooth headsets with cell phones decreases the overall levels of SAR exposure to the head (American
Cancer Society 2008; BfS 2005; Martinez-Burdalo 2009; Swiss Federal Office of Public Health 2009a).

Bluetooth wireless technology is found in a diverse range of devices, such as cell phone headsets, car
speakerphones and other automotive equipment, GPS, gaming equipment, computer accessories such as
printers, keyboards, and mice, PDAs (personal digital assistants), personal media players, and medical, health,
and wellness devices (CNET Reviews 2009; ICNIRP 2008; Morrow 2002). Bluetooth wireless technology allows
radiofrequency devices to form connections for communicating one-on-one or for creating a personal wireless
network within an approximately 30-feet-radius sphere. Bluetooth devices are used in a growing number of
commercial and personal applications; the Bluetooth Specialist Interest Group, an industry trade association, lists
over 6000 products that utilize Bluetooth technology (Bluetooth Special Interest Group 2009).

Bluetooth transmitters operate at frequency around 2.4 GHz. Bluetooth devices are assigned to one of three
power classes: 1, 2 and 3. Class 2 transmitters — most commonly found in mobile devices — have a range of 30
feet (10 meters) and operate at 2.5 mW peak transmission power; class 3 devices are weaker than class 2,
operating at peak transmission power of 1 mW in a range of less than 10 meters. Class 1 transmitters are the
most powerful, with a range of 300 feet and peak transmission power of 100 mW. Class 1 Bluetooth devices can
cause exposure to radiation similar to that emitted by a cell phone if they are operated in the immediate vicinity of
the body. Bluetooth devices are designed to limit the radiation power exactly to that actually required. When the
receiving device indicates that it is a few meters away, the transmitter immediately modifies its signal strength to
suit the exact range, which reduces the total emitted radiation and signal interference (IT'lIS 2005).

A study commissioned by the Swiss Federal Office of Public Health (FOPH) measured SAR for several Bluetooth
devices, including two different class 3 hands-free cell phone headsets. The headsets tested had SAR values of
0.001 and 0.003 W/kg, which is 34 and 12 times lower than the SAR of the lowest-emission cell phone currently
available (Swiss Federal Office of Public Health 2009a).

Of note, while the Bluetooth headset reduces radiation exposure to the head, transmission strength from the
phone itself is not decreased. Bluetooth headset users frequently keep their phone in a pocket or clipped to the
belt, a position that leads to radiation exposure of internal organs (Whittow 2008). As stated on the FCC website,
“if the phone is mounted against the waist or other part of the body during use, then that part of the body will
absorb RF energy” (FCC 2008). While the health effects of this exposure have not yet been assessed, the Swiss
FOPH recommended that “cell phones should not be carried in a front trouser pocket when making calls” and that
it may be safest “to hold the phone away from the body to reduce radiation exposure” (Swiss Federal Office of
Public Health 2009a). Furthermore, a study from the Loughborough University (U.K.) reported that realistic
everyday metallic objects found near the waistline, including a coin, a ring and a zipper increased the SAR in the
body at different frequencies (Whittow 2008).
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In the U.S., FCC certification of Bluetooth devices does not require measuring and reporting the SAR values.
Bluetooth technology falls under the list of “low-power, non-licensed radiofrequency devices” that are classified in
47CFR Part 15 (FCC 1993, 2002). According to the FCC regulations, these unlicensed devices need to comply
with the maxiumum permissible exposure limit. As stated by FCC:

"The FCC typically does not require RF exposure test data to be submitted with a filing to demonstrate
compliance. Sometimes, applicants may choose to include such test data to expedite a filing. However, sufficient
information should be included to satisfy the requirements of Section 15.247(b)(4), typically specific operating and
installation instructions/requirements, warning/caution instructions and/or labels when applicable. If compliance
cannot be ensured or determined based on the supporting information, (the operating configurations and
exposure conditions of the host and final products that would operate with the Bluetooth transmitter module.) SAR
or MPE evaluation may be requested as required by Section 1.1307(d)." (FCC 2007)

Wired (corded) hands-free headsets — radiation emissions

The use of corded earpieces/headsets is listed by the American Cancer Society as one of the easy ways to
decrease SAR exposure to the head and brain during a cell phone conversation (American Cancer Society 2008).

With a corded headset, the voice signal is sent electronically to the earpiece directly from the phone in a similar
manner as when standard headphones are plugged into a radio or a music player (Network & Academic
Computing Services of University of California Irvine 2008). Depending on the position of a wired headset cable
along the body, a certain proportion of the phone output radiofrequency radiation can be transmitted along the
cable and elicit measurable SAR values in the torso and the head of the user (Kuhn 2008).

In the U.S., wired headsets are not regulated and their SAR values are generally not publicly available (Carnoy
2000). Several studies examined the issue of corded headsets safety, the potential for the headset/headset wire
to act as a secondary antenna, and the effects of headset wire on radiation exposure to the torso (Carnoy 2000).
One conclusion is clear: radiation exposure to the head is reduced with the use of a cordless headset, according
to studies from the School of Electrical & Electronic Engineering at the Queen's University of Belfast (Troulis
2003) and the University of York Department of Electronics reached similar conclusions (Porter 2004) and
Motorola (Bit-Babik 2003).

The Motorola study reported that, with a headset, SAR in the head is 8 times lower than when making calls
holding the phone to the ear (Bit-Babik 2003). While this is a significant decrease, some degree of radiation
exposure to the head occurs nevertheless (Bit-Babik 2003), which stands in contrast to statements from wired
headset manufacturers that “SAR readings at the head are virtually zero when a corded mobile headset is used”
(Plantronics 2005).

Unlike the earlier publications, a 2008 study carried out in the framework of the German research program on
mobile telephones found that under a worst-case scenario for use of a GSM 1800 cell phone there was an
increase in the SAR value in the inner ear (Kuhn 2008). It is possible that SAR exposure to the head when using a
wired headset may be dependent on the cell phone transmission frequency and the type of transmission system,
although researchers concluded that when a headset is used the overall exposure in the region of the head is
reduced (Kuhn 2008).

Importantly, using a corded headset does not decrease the radiation output of the cell phone, which becomes
absorbed into the torso instead of the head (FCC 2008). The Troulis (2003) study reported that for a waist-
mounted cell phone, absorption of radiation by the body reduces the phone’s efficiency, thus increasing the
required output power level. In this study, the peak 1 g SAR value was 0.450 W/kg for the phone itself, and with
the hands-free wire connected, SAR increased to 1.14 W/kg. For a phone worn near the waist, this increased
radiation would be absorbed into the body.

Scientific consensus has not yet been reached on whether corded or wireless headsets provide best radiation
protection to the head and sensitive internal organs. Headset use has been recommended by government
agencies in several countries as a way to reduce radiation exposure to the head (Switzerland, Germany, France,
Israel, Austria, and the city of Toronto). According to the Swiss government, “As the brain is a sensitive organ, it is
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wise to use a hands-free kit (headset), since this reduces exposure of the head to radiation” (Swiss Federal Office
of Public Health 2009a). Yet, which one is best?

Israel’s Ministry of Health urges cell phone users to rely on a wired, not wireless headset; the Swiss government
recommends a wireless hands-free system (headphone or a headset) with a low power Bluetooth emitter; the
Austrian government recommends using either a wired or a wireless headset; the German Federal Office for
Radiation Protection and the city of Toronto’s department of Public Health simply recommend the use of headsets
without stating which one is preferable. The UK Department of Health stated in a 2005 publication that the level of
effectiveness of hands-free kits to reduce SAR is still uncertain (UK Department of Health 2005). Recent
publication from the Swiss Foundation for Research on Information Technologies in Society (IT’1S) recommended
for manufacturers to conduct tests of wired headsets’ SAR values to ensure that the phone-to-headset cable does
not transmit radiofregequency radiation towards the head and to the torso (Kuhn 2008).

While research on safer wireless technology is ongoing, one conclusion is clear: whether using either corded or
Bluetooth headsets, it is reasonable to choose a phone with the lowest SAR value and to keep the cell phone
away from the body during use.

Other common sources of radiofrequency radiation exposure

In addition to exposures from cell phones and Bluetooth devices, people are exposed to EMF radiation from a
wide range of wireless devices at home and in the workplace, such as cordless home phones, baby monitors, and
Wireless Local Area Networks (WLAN) (Frei 2009; Hillert 2006). Scientists at the Foundation for Research on
Information Technologies in Society (IT’IS, Switzerland) reported an SAR value of 0.077 W/kg for baby monitor;
0.055 W/kg for cordless phone, and 0.81 W/kg for WLAN (IT'IS 2005). Additionally, IT'IS found that a class 1
Bluetooth USB plug-in antenna had an SAR of 0.466 W/kg, while a class 2 Bluetooth USB plug-in antenna had an
SAR value of 0.0092 W/kg (Swiss Federal Office of Public Health 2009a). While research on this question is only
beginning, a recent study from Spain suggested that cell phone exposures constitute the majority of
radiofrequency exposure for an individual person, significantly exceeding exposure due to other wireless devices
such as Bluetooth or WLAN (Martinez-Burdalo 2009).

Several studies on the association between cell phone use and cancer have raised question about the potential
health impact of radiofrequency radiation from cordless home phones which is the same type of radiation as that
emitted by cell phones (Hardell, Carlberg 2006b; Hardell 2003; Mild 2007). A recently published study from
Switzerland found that people who owned either a cordless phone or a mobile phone received more exposure to
radio frequency radiation than those not owning either type of phone (Frei 2009).

While the cordless phone handset emits radiation only during a call (same as a cell phone), radiation emission
from the cordless phone base station are continuous even when no calls are made (BfS 2008a). The German
Federal Office of Radiation Protection recently issued a new requirement for cordless home phone models
whereby base stations must be automatically switched off when not in use or when in standby mode (BfS 2008a).
The Swiss government recommended keeping cordless phone base units away from relaxation places or work
stations occupied for long periods as well as using a corded phone or a headset instead of a standard cordless
phone (Swiss Federal Office of Public Health 2009b).

In the U.S., the types of cordless phones and the radiofrequency range they use have changed over the years. In
early 1980s, cordless phones operated with frequency of 27 MHz (Phone Warehouse 2000). In late 1980s, FCC
changed the cordless phone frequency band to 47-49 MHz (Code of Federal Regulations Chapter 47, section
15.233), followed by cordless phones that operated in 900 MHz range (cell phone frequency), 2.4 GHz (frequency
band also used by Bluetooth and wireless LANs) and 5.8 GHz (Pedro 2006; teqFAQ 2009). The range of a
cordless phone increased with each subsequent generation; 900 MHz phones have a range of 200 to 1500 feet,
while 2.4 GHz and 5.8 GHz have a range of 300 to 2000 feet (Hanks 2004). New technologies such as DECT
(Digital Enhanced Cordless Telecommunications) operate in 1900 MHz (cell phone) range (Rhein Tech 2006).

The International Commission on Non-lonizing Radiation Protection (ICNIRP) recently recommended that public
officials setting standards for EMF radiation exposure need to consider simultaneous exposure to radiation from
multiple devices, such as cell phone, cordless home phone, Bluetooth, and WLAN, needs (ICNIRP 2008).
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Similarly, the Swiss and German governments have recommended precaution with respect to increasing exposure
to radiofrequency devices (BfS 2008a). The Swiss government stated that "caution should be exercised primarily
when using devices held close to the body, such as laptops, PDAs and Internet telephones” (Swiss Federal Office
of Public Health 2009d). Clearly, this question needs to be resolved with a nation-wide study of the total EMF
exposure people face on a daily basis.

Rapid growth in cell phone technology

Cell phone technology is constantly developing. Currently, GSM (Global System for Mobile Communication) is a
standard protocol for digital mobile communication used for phone calls and transmission of text messages. Cell
phones are also used for sending data or surfing the Internet. GPRS (General Packet Radio System) and Edge
(Enhanced Data Rate for Global Evolution) are further developments of GSM that can transfer data at higher rates
(sometimes called 2.5 Generation systems). The new (third) generation in mobile telecommunications includes W-
CDMA (Code Division Multiple Access) and UMTS (Universal Mobile Telecommunication System), which have
higher data transfer rate than GSM and are better suited to data and multimedia services while providing same
level of cell phone and text messaging service. It is expected that in the near future, 3G technology will supersede
the GSM standard (ICNIRP 2008; Swiss Federal Office of Public Health 2009c).

GSM protocol operates at frequencies of 900 and 1800 MHz; 900 MHz protocol has a peak output power of 2000
mW and maximum output power of 240 mW. 1800 MHz protocol operates with a peak output power of 1000 mW
and maximum output power of 120 mW. 3G UMTS protocol operates at transmission frequency 2100 MHz, with
both peak and maximum output power in the range of 125-250 mW.

ewg.org/cellphoneradiation/Bluetooth-Cell-Cordless-Phones
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