Health
Issuesll

ver the past several years, concerns have been raised

about the potential health risks of portable cellular tele-

phones and emissions from radio antennas. These con-

cerns are rapidly becoming one of the most controversial
issues surrounding the widespread use of wireless technologies.
Although some research on possible adverse health effects has
been conducted, it has not been conclusive—government, indus-
try, and academic researchers agree that it is not yet possible to say
with certainty whether the devices or the antennas do or do not
pose a risk to human health or how serious any risk may be. As a
result, the long-term issues surrounding the health and safety ef-
fects of cellular telephones and other wireless devices remain un-
resolved. In the face of this uncertainty, the debate over the safety
of wireless devices and systems is likely to become an important
public policy problem as concerned citizens take their concerns to
state and federal policymakers and regulators.

OTA did not conduct an indepth assessment of the possible
health effects associated with radio communication devices and
systems. Nor did it exhaustively review and critique the health ef-
fects research conducted to date. Such an endeavor is properly the
focus of an additional, more narrowly focused study. Rather, this
chapter presents only a general overview of the research per-
formed to date, and discusses the controversy that surrounds these
issues.

FINDINGS

The debate over the safety of wireless systems is characterized by
high emotion and heated rhetoric—on all sides. Picking through
the rhetoric and separating fact from fiction will be extremely dif-
ficult for lawmakers and regulators as the controversy continues. | 241
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The findings presented below are based on the entfrequencies, power levels, and transmission
general state of research as it exists in early 1995. formats.

As more studies are completed, issues may be- Public concern persists over many forms of
come clearer; although evidence gathered to date radiation, including nonionizing electromag-
and the experiences of other public health-related netic radiatior? The willingness of the public
issues—including the controversies over electric to give credence to anecdotal reports of radi-
power lines and tobacco—indicate that resolution ation-induced human health risks is an endur-
of these issues could be years or even decadesing phenomenon. Maintaining the public’s
away. trust and confidence in technologies associated

= Scientific research to date has found no con-

clusive evidence that low power microwave
radio communication signals adversely af-
fect human health. However, currently
available scientific information is insuffi-
cient to conclude that there are no long-term
adverse health effects—either from hand-
held wireless communication devices or
from towers.1 Because of the paucity of data
on biological and health effects, and the ambi-
guity in the results of research conducted so far,
neither public interest advocates nor industry
have made a clear and convincing argument
sufficient to prove their case. All parties agree
that more research is needed to determine
whether there could be any health effects from
long-term exposure to radio frequency (RF)
radiation at the power levels used by wireless
communications devices, what they might be,
and how serious a risk they could pose. Specifi-
cally, additional research will be required as
new technologies are developed that use differ-

with radio waves demands extraordinarily high

levels of responsible scientific work and policy

development. Given the character of public

concern over many types of hazards in the envi-
ronment, the technical complexity of new wire-

less systems, the difficulty the public has in

understanding the complex results of scientific
research, and the likelihood of many more ra-
dio devices working at new frequencies and
with new technologies, it may be prudent for

the federal government, including Congress, to
continue to monitor technology and industry

developments and the ongoing research into
wireless health issues.

Industry has taken some steps to address
public concerns, and is making substantial
funds available for research. However, espe-
cially in health-related areas, it may be difficult
for the public or policymakers to trust that
industry-funded research will always be con-
ducted in an objective mann8&ome continu-
ing federal role—as an overseer of

1U.S. Food and Drug Administration, “Talk Paper” on cellular telephone safety, 1993; U.S. Federal Communications Commission, Office
of Engineering and Technology, “Information on Human Exposure to RF Fields from Cellular Radio Transmitters,” 1994, Institute of Electrical
and Electronics Engineers, “Position Statement on RF from Portable and Mobile Phones and Other Devices,” 1992; U.S. Congress, General
Accounting Office Status of Research on the Safety of Cellular TelephG#e3/RCED-95-32 (Washington, DC: November 1994), pp. 3-4,
15; Mark Fischetti, “The Cellular Phone Scat&EE Spectrumyol. 30, No. 6, June 1993, pp. 43-47; “Cellular Phone Industry Research Group
Sees Need for ‘Basic Information in All Areas’; Proposals Under Revidigfowave NewsSeptember/October 1994, pp. 9-10; Scientific
Advisory Group on Cellular Telephone Reseahaterim Status Report: Potential Public Health Risks from Wireless Technology: The Devel-
opment of Data for Science-based Risk Management Decisionnidkin@9, 1994, p. 4; “SAG Chairman Comments on Significance of Re-
search Agenda; Proud of Group’s Track Reco@gllular Telephone Updateol. 2, No. 1, Fall 1994, p. 2.

2 Although “radiation” is the preferred technical term when discussing radio wave emissions from wireless transmitters, radio communica-
tion radiation should be clearly differentiated from the harmful ionizing and particulate (“hard”) radiation associated with nuclear energy. These
two types of radiation are not the same. Public concern about all forms of electromagnetic radiation may be fueled by a misunderstanding of the
technical terms involved.
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industry-funded work, as a participant in  expansion of existing systems) should continue.
the research and testing process, or in Both sides have evidence—scientific studies, sta-
mounting its own research program—may tistical records, and anecdotal reports—they be-
be desirable to assure research integrity and  lieve supports their case. The result is a confusing
to maintain high levels of public trust and  and often conflicting body of scientific and medi-
confidence in these technologies. cal literature.

A vigorous federal government role is par-  |n disputes like this, identifying and evaluating
ticularly important given the difficulties in sk to the public is often difficult. Many elements
evaluating technologies that have not Yetontribute to understanding risk, and often these
reached large-scale deployments. As wirelesgre confused, misinterpreted, or misrepresented.
technologies become more ubiquitous, unany, many cases, the elements become divisive pub-
ticipated interactions or consequences may aRjc nolicy issues as different groups with different

peir. What éllppe_arsh tcl) é)e a nzghglgle olr erspectives battle over what s legitimate, accept-
unknown problem in the 1ab or atreduced sca ble, and “true,” and what is not. In situations

vn\ji?i)élturgeo?g tg dhaa\lls‘,a stlgn'?ﬁ:néaif;eiﬁgv :;ean here individuals cannot avoid exposure—as in
y deployed, S he case of radio waves—it is the role of govern-

paint and asbestd4.ong-term monitoring of .
the effects of radio frequency exposure on mer_1t through the reg_uIaFory and policy process to
humans may be necessary to avoid surprises decide what level of_rl_sk is acceptable anq to enact
and persistent public uncertainty. the necessary provisions to protect public health.
To focus government resources and policy efforts
THE CONTROVERSY SURROUNDING most effectively, it is important for policymakers
HEALTH EFFECTS _and |reg?ju_lators Ito gnderrftar_ldkthe different stages
_ involved in evaluating this risk.
The debate over the possible health effects from The first step in assessing this type of risk is es-

the radio waves used by cellular telephone ang o ;

) . L ablishingcausality—what effects are due to what
other mobile communications systems is mtenseéauses and how certain is the relationship be-
ly polarized. On one side, some citizens and a few ’ P

researchers are firmly convinced that such raditt)\’ve?n them. D'SpUteS can arise between different
waves pose a substantial health risk to publi@@tiés claiming that effects are or are not
health. They believe that cellular phones shoul@SSociated with particular causes, and disagree-
be redesigned or banned and that construction Sf€NtS frequently center on the adequacy of the
new radio transmitters and antennas, especiarlf/:'enc_e that supports a particular position. This is
those needed for cellular and future personal conffue with radio wave radiation and its effects on
munications services (PCS) systems, should pahimal tissues. High-power microwave radiation,
restricted and perhaps even stopped. (Radio intefor €xample, is known to produce thermal effects
ference with medical devices such as pacemakef§eating), but the possible nonthermal effects of
is addressed in chapter 12.) On the other sidéadio waves, which include changes in cell mem-
equipment manufacturers and service providergrane permeability, cell metabolism, or on genetic
maintain that there is no credible evidence thamaterial, are more contentious. A few researchers
their products and services threaten human healthave found some such effects, but results are still
Without clear and definitive proof of harm, they considered tentative, and the mechanisms causing
argue that the development of new systems (anithem are not well understood.

3 George Brandon, “Pulling Together an Electromagnetic Field Defense: Defendants Need a Coordinated Strategy for the Mass Tort Some
Call the ‘Asbestos of the ‘90s,The National Law Journalug. 1, 1994, p. B19.
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The second element in assessing risk is demomot limited to test groups in experimental settings,
stratingharmfrom the effects. Even if a cause andbut also takes place among the public where a
an effect can be positively linked, this does notechnology can be fully and vigorously evaluated
necessarily mean that harm results. Making thisn real-world conditions. For example, software
connection is at the heart of current debates ovgiroducers expect bugs in early releases of their
the safety of radio communication systems. In throducts because they know they cannot com-
case of radio waves’ effects on animal tissues, thigletely test programs and applications on their
means that any observieidlogicaleffects needto own beforehand.
be clearly linked to observelgealth problems. Most technologies fall somewhere between
Heating effects have been shown to cause adverigsse two positions: initial experimentation is ex-
health reactions, burtot at the low power levels remely limited in scale and scope, often confined
used by today’s cellular telephones. Determininggely to the laboratory. Next, the technology or
har_m is more difficult w_|th nonthermal effects— product is subjected to more rigorous evaluation
which might affect basic cell functions that arey, see i hazards exist. After a period of controlled
only now beginning to be understood—and will ye.gting and evaluation, standards may be issued by
be the subject of long debate. . therelevant technical body, such as the Institute of

In any case, some people will view any bIOIOgI'Electric and Electronics Engineers (IEEE). These
cal effe_cts as harmful, whether or not there are any,- ndards may be accepted by government regula-
actual |mpafct§ En hgalth., Funda_mental.ly,_ an "."S[brs, and become enshrined as substantial bench-
sessment of risk and one’s reaction to it is quite .\ - guiding general and large-scale use and

subjective and personal. For example, many,
: o ... _deployment of the technology or product.
people are afraid to fly, although airline fatalities If new information about hazards or other nega-

are rare. On the other hand, automobile safety re- .
y (ﬁve effects later comes to light, the standard may

ceives far less public scrutiny, even though tens Obe changed with the agreement of the standards

thousands die annually from highway accidents.b di q | ch hi
In trying to evaluate the possible harm from ra-, odies and regulators. Changes at this stage may

dio communication systems, different groups disPe difficult due to the institutional interests sur-

agree over whattandards of procghould be used rounding the status quo and the changing standard

to determine safety or harm—that is, what proof i€f Proof required to attend to problems. With
adequate to prove or disprove potential adversgchnologies or products such as asbestos, lead
health effects. One view requing®of of no harm  Paint, or tqbacco that come to be seen as hazgrd—
before a technology is deployed. This approach i8US; the firms that manufacture them have, in
generally taken, for example, by the pharmaceutiany cases, successfully resisted efforts to label
cal industry and the U.S. Food and Drug Administhem as bad for health, despite steadily mounting
tration: firms must show, through extensive€vidence to the contrary.
self-funded testing, that a new drug has few signif- Another issue in determining harm is thteg-
icant known adverse effects when used as prdity of the process by which research is conducted,
scribed. including that of the people performing the work.
An alternative approach is to permit a technolo4f research is conducted in a way that raises ques-
gy to be deployed, under certain guidelines, untitions of bias or poor quality, then such work will
it can be shown convincingly that negative effectdail to settle questions about cause and effect, as
result, omo proof of harnfnote word order differ- well as potential hazards. Charges of bias, ignor-
ence from above). In this case, experimentation isg contrary evidence, or slipshod research meth-

4 This difficulty in testing before full-scale release poses particularly acute problems for systems that operate highly reliably the first time,

but cannot easily be subjected to real-world tests, such as antiballistic missile system software.
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ods may be unfounded, but nevertheless must be Faced with a technical and policy controversy
taken seriously. Failure to demonstrate good faitlsuch as this, policymakers have difficult choices
or adherence to good scientific practice in thao make. If a technology is already being widely
process by which information is gathered andused, as is the case with many wireless technolo-
evaluated may lead to continuing controversygies, using a “proof of no harm” standard is un-
The makeup of research teams, lack of financial arealistic. Television broadcasting towers, public
other ties to firms with a stake in the outcome, faisafety radios, cellular towers and antennas, and
and open evaluation of research proposals and reand-held cellular telephones have been deployed
search results, open publication of results or othefor years, and are used by tens of millions of
public reporting requirements, participation by allpeople. Stopping these systems until definitive
interested parties, regardless of their affiliation—testing can be done is not realistic in today’s politi-
all these contribute to the integrity of the researcleal climate. However, finding out about possible
process. These factors are also essential to redugarm through monitoring and active research is a
ing public concerns about research bias, and to indable option. Identifying early indications of ef-
creasing public trust and confidence in thefects or harmis in the public interest, even if short-
technologies or products in question. term costs are high. Research to determine
In the face of inconclusive and ambiguous evicause-and-effect relationships, and to ascertain
dence, different groups have different reactionsthe extent to which and under what circumstances
Opponents of widespread deployment of cellulaharm may ensue, is essential. Some researchers
and PCS facilities, and those claiming that cellulaglso suggest that those concerned about possible
telephones promote cancer, argue that the industRazards from electromagnetic radiation practice
should be held to the “proof of no harm” test.“prudent avoidance,” which is avoidance of emis-

Without convincing proof of their safety, some sjons where it is economically, operationally or
people believe that antennas and towers should kysically easy to do sv.

restricted or moved and phones should be rede-

signed or prohibited altogether, even those th
conform to current safety guidelines. The WiEbS?JOLOGlCAL AND HEALTH EFFECTS OF

industry, on the other hand, argues that there h IRELESS TELECOMMUNICATIONS

been no proof of harm to date, and that changes [gellular and other radio communications devices
standards and use of the technologies should oghould be distinguished from low frequency elec-
cur only when substantial and persuasive proof dfomagnetic fields found around electric power
harm is demonstrated. The industry also argue#es. Electric power systems in the United States
that it is funding research into biological andoperate at a low frequency of 60 cycles or hertz
health effects, and that this research will helgHz) and at high power, while cellular telephones
settle disputes about the safety of microwave raeperate at much higher frequencies, 800 to 900
dio frequency technologies. Compromise beimegahertz (MHz), and at extremely low power
tween these two groups will be very difficult, levels. New PCS systems will operate at even
because their reactions to uncertainty are based twgher frequencies, 2 gigahertz (GHz) and still
diametrically opposed philosophies—stop untillower power levels. Researchers have established
safety is guaranteed or keep going until harm ishat the effects of electromagnetic radiation vary
proven—and both hold up different standards ofjyreatly with frequency and power levels, and em-
proof. pirical work over the last several decades has been

5See U.S. Congress, Office of Technology AssessrBasigical Effects of Power Frequency Electric and Magnetic Fi€ldsA-BP-
E-53 (Washington, DC: U.S. Government Printing Office, May 1989), pp. 77-80 for a discussion of prudent avoidance in the context of electric
power line electromagnetic radiation and potential human health effects.



246 | Wireless Technologies and the National Information Infrastructure

conducted to determine safe levels at various com- There are two fundamental issues concerning
binations® Because of this variability, however, radio-frequency electromagnetic radiation and
effects found at one level are not generalizable thuman exposure. The most obvious is the thermal
other frequency/power combinations—indepen-or heating effect of such radiation on tissue. It is

dent research must be conducted. well known that high-power radio waves will gen-
erate heat in exposed tissues. Microwave ovens,
1 Research Is Inconclusive high-powered radars, and other high-power mi-

crowave devices, for example, radiate energy—a

While considerable research has been conductesqna” portion of which is absorbed by body tis-
on the effects of electromagnetic fields generallysues. The rate at which this energy is absorbed is

very little work has yet bee’.‘ done on the IOOSSibI%alled the specific absorption rate (SAR). Ab-

| K i th ting i< the lack pical microwave oven operates at about 600
ar weakness in the existing literature is the lack of, 1< ot 2450 MHz). The higher the power level

research on the impact of long-term exposures. y,o yore heat is generated at a given distance for a
_ The data that does exist paints an ambiguo iven sample, and the higher the frequency, the
picture. Some—but not all—research conducte

_ ore of the incident energy is superficially ab-
on cells and animals suggests that exposures Qrbed.

fields with characteristics similar to those gener- The thermal effects of radio communication

a_ted b_y cellular ph_ones may cause behavioral ar}ﬁjevices are generally not considered harmful.
biological effects, including abnormal cell growth Wireless devices are required to comply with

anld mcfrea;]sed '”‘gqe”,ce Olf r_nallglngnéldé'il;}el(re-b well-established standards governing human ex-
sults of other studies Involving claimed links be-;, ¢, e 1o electromagnetic radiation. These stan-

'(tjv_v;enl radio waves and cancer are inconsistent a@‘irds incorporates a substantial safety factor as a
ffficult to Interpret. cushion against unanticipated effects or exposure

[GAQ] has concluded that [no] research has in unusual situations. As aresult, researchers have
been completed on long-term human exposure been unable to measure heating of tissue at the low
to low levels of radiation specifically from por- power levels used by hand-held cellular tele-
table cellular telephones. Research findings on phones. Microwaves do not penetrate metal, so
exposure tg_ ott_her sources Ofllo"f"le"g' rad'?'fl;e' shielding against them is fairly straightforward. In
quency radiation are INConCciusIve. some 1abo- 4 yjition power densities decline rapidly with dis-
ratory studies show that biological effects can

tance from the source, so exposure can be reduced

occur when animals and cells have undergone by | . h | | d intaini
extended exposure to low-level radio-frequency y lowering the power level and maintaining

radiation; others do not. Scientists at FDA and Proper distances from operating antennas. _

EPA said that existing research does not provide The second, and more controversial, issue is
enough evidence to determine whether portable the possibility that RF radiation may cause non-
cellular telephones pose a risk to human héalth. thermal effects, including changes in genetic

6 For recent reporting on low-frequency power effects, see Tekla S. Perry, “Today’s View of MagneticlEEESpectrumyol. 31, No.
12, December 1994, pp. 14-23. High frequency standards are dealt with in Institute of Electrical and Electronics Ezigih&tasdard for
Safety Levels with Respect to Human Exposure to Radio Frequency Electromagnetic Fields, 3 kHz to| BEEG5.1 1991, approved by
IEEE Sept. 26, 1991, approved by the American National Stardards Institute Nov. 18, 1992, (New York: Institute of Electrical and Electronics
Engineers, November 1994).

7 See U.S. Congress, General Accounting Offige cit., footnote 1, pp. 29-31, for a brief review of this literature.
8 Ibid, p. 3.
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BOX 11-1: Origins of Recent Concern About Brain Cancer and Cellular Telephones

Public concern about low-power, high-frequency radio devices such as cellular telephones has its ori-
gins in a wrongful death lawsuit filed in April 1992, by David Reynard against his cellular telephone compa-
ny, alleging that his wife’s frequent and prolonged use of her cellular telephone contributed to her death by
brain cancer. The story was first reported in the Ft. Lauderdale Sun-Sentinel, and received widespread
attention following an interview with Reynard by Larry King on the CNN television network in January 1993.

News of the suit led to a significant drop in the stock prices of cellular companies and led to efforts by
the companies to assure the public that cellular telephones are safe. While there was broad public concern
at the time about the safety of the devices, committed users apparently were unwilling to forego use of the
phones: cellular telephone subscription rates and usage did not significantly drop during this time. The
case was dismissed on May 17, 1995, for lack of evidence meeting Florida’s standards for admissibility. ’
There are currently seven other cases pending on the safety of cellular telephone use.

'H. David Reynard, et al., v. NEC Corp., et al., “Order,” in United States District Court, Middle District of Florida, Tampa Div., case
no. 94-825-CIV-T-21 E. See also John Schwartz, “Court Call Favors Cellular: Judge Throws Out Claim of Link to Brain Cancer, " The
Washington Post, May 20, 1995, p. A2.

SOURCE: Office of Technology Assessment, 1995.

structure, the changes in the permeability of cell ~ of microwave effects on DNA has aso been re-
membrances, and disturbances in cell metabolism.  ported, but not yet confirmed.’

These nonthermal effects theoretically could oc-
cur at lower power levels and under different mod- CExposure Standards Are Still
ulation schemes than would be necessary to Being Debated

generate thermal effects. Much research in this €ing Lebate _
arearemainsto be done, as government, industry 10 protect people from harmful exposure to high
and the academic communities agree. While there  Ievels of electromagnetic energy, the Institute of

is no evidence that low-power, high-frequency ra-
dio signals cause cancer in cells, the possibility
has been raised that such low-power radio waves
could stimulate the growth of cancerous or pre-
cancerous cells, although early evidence is very
weak (see box 1 1-1). Some preliminary evidence

Electric and Electronics Engineers (IEEE) devel-
oped standard IEEE C95.1, which was revised and
adopted by 1EEE in September 1991 and ap-
proved by the American National Standards Insti-
tute (ANSI) in November 1992.” Essentially, the
standard says that devices operating between 100

‘Henry Lai and Narenda Singh, “Acute Low-Intensity Microwave Exposure Increases DNA Strand Breaks in Rat Brain Cells,”” Bioelectro-
magnetics, vol. 16, spring 1995, forthcoming. See report in “Microwaves Break DNA in Brain; Cellular Industry Skeptical,” Microwave News,

vol. 14, No. 6, November/December 1994, pp. 1, 11-13.

“Ingtitute of Electrical and Electronics Engineers, IEEE Standard for Safety Levels with Respect to Human Exposure to Radio Frequency
Electromagnetic Fields, 3 kHz to300GHz, |EEE C95.1 1991, approved by |EEE Sept. 26,1991, approved by the American National Standards
Institute Nov. 18, 1992 (New York: Institute of Electrical and Electronics Engineers, November 1994). These standards are based on several
decades of biological and radiological work, particularly on the question of electromagnetic radiation and cancer. For the most recent version of
the standard, promulgated in 1991 and 1992, the standards committee had 14 biological evaluation working groups, with 125 scientists, physi-
cians, and engineers drawn from academia, the private sector, and government. Similar standards have been adopted by other organizations as

well.
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MHz and 450 MHz are within permissible limits if was last reviseé? Too little is known about the
they radiate less than 1.4 watts, and the radiatingnechanism(s) by which nonthermal effects oper-
structure is at least one inch from the b&Hjt  ate to set standards for exposure, presuming harm-
higher frequencies, the permitted power leveldul nonthermal effects exist. As the IEEE standard
drop: for example, at 1500 MHz, the limit is 0.4 document notes:

watts. Most hand-held telephones used in the  pjgjggical effects data that are applicable to
United States operate at no more than 0.6 watts. ymans for all possible combinations of fre-
Mobile telephones (installed in cars) are permitted guency and modulation do not exist. Therefore,

to emit up to 3 watts because car phone antennasthis standard has been based on the best avail-
are installed outside vehicles away from close hu- able interpretations of the extant literature and is
man contact. These levels are considerably below intended to prevent adverse effects on the func-
the 4 watt per kilogram energy absorption thresh- tioning of the human body. . . .

old identified in the scientific literature as the low- Research on the effects of chronic exposure
est level at which adverse effects due to heating and speculations on the biological significance
had been noted and replicated. In a December of nonthermal interactions have not yet resulted
1992 report, IEEE concluded that “prolonged ex- in any meaningful basis for alteration of the
posure at or below the levels recommended in standard. It remains to be seen what future re-
these guidelines is considered safe for human search may produce for consideration at the time
health.” of the next revision of this standakd.

The exposure limits in the standard were Disputes over biological and health effects re-
derived from work done by the U.S. Navy and thevolve around the continued acceptability of this
IEEE before 1960, and reviewed and revised evstandard as new research is perfordreds of
ery five years, according to ANSI policy. Becausespring 1995, the FCC was still considering wheth-
of this historical foundation, the standard princi-er to adopt the C95.1-1992 standardifbdevices
pally addresses concerns about the thermal effeatperating at microwave radio frequencies. Analog
of microwave radiation. Nonthermal effects, cellular telephones are presently exempt from
while reportedly discussed in the standards comtesting under FCC rules because of their low pow-
mittee deliberations, are not directly addressed bgr levels. However, the FCC indicated in 1994 that
the ANSI/IEEE standard, in part because little rePCS phones would be subject to testing and SAR
search on them had been done when the standdalel limitations unless their maximum power

11This is a conventional way of stating the levels permitted under the standard, expressed in terms of what levels the emitting devices may
have. The standard actually says nothing about emitting devices, but specifies exposure levels for humans, and is considerably more complex
and detailed: it covers a wide range of frequencies (from 3 kHz to 300 Ghz), and power levels, measured as electric field or magnetic field
strength or power density, depending on the frequency range. Compliance with the IEEE/ANSI standard also requires that, at cellular phone
frequencies, actual exposure for the general public (measured by the specific absorption rate) not exceed 0.08 watts per kilogram whole-body
average or 1.6 milliwatts per kilogram peak exposure in any one gram of tissue over 30 minutes. The maximum power density level is 0.57
milliwatt per square centimeter of tissue for over the whole body. These levels are somewhat different for other radio devices, such as ESMR,
PCS or police radios. See Mark Fischetti, “The Cellular Phone St&EE’ Spectrumyol. 30, No. 6, June 1993, pp. 44, 46.

12 |EEE notes that most reports of biological effects have dealt with acute exposures at relatively few frequencies rather than with chronic
exposures, and its work reflects this data base. The cutoff date for the literature review on which the standard depends was December 1985, with
some carefully selected exceptions. See Institute of Electrical and Electronics Engineers, op. cit., footnote 6, p. 26-27.

13 |nstitute of Electrical and Electronics Engineers, op. cit., footnote 6, p. 21.

14 bid., p. 24.

15| ouis Slesin, publisher dicrowave Newds a careful exponent of those advocating increased attention to biological effects of high-fre-
quency, low-power electromagnetic radiation on humans. See for example, “Cellular Phones: Why the Health Risk Can't Be Dismissed,”
crowave Newsvol. 13, No. 1, January/February 1993, pp. 1, 11-12.
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BOX 11-2: Statistics and large numbers

In 1991, there were approximately 17,600 deaths caused by brain cancer in the United States and
about 514,300 cancer deaths overall. The cancer rate, between five and six deaths per 100,000, has not
changed significantly over the past decade. 'In a population of 180 million adults 20 years old and above,
there are about 20 million cellular telephone users, or about 11 percent of the adult population. Mathemati-
cally, one would expect about 1,956 cellular telephone users to get brain cancer, independent of any spe-
cific cause. The National Cancer Institute, a part of the National Institutes of Health, estimated that there
would be 350 new cases of brain cancer among cellular telephone users in 1993:It is unknown how many
actual cases occurred, since data on cancer and cellular telephone use is not yet available.

The lesson in these numbers is that, just because someone uses a cellular telephone and gets cancer,
there is no reason to assume it is the phone thatcaused it. Because the numbers are so small, it would be
difficult to distinguish cancer due to cellular telephones from other possible causes. If it were scientifically
proven that cellular telephone users contract cancer at rates above the average, all other things being
equal, it might be concluded that cellular telephones had a role to play. But even this is difficult to say with
certainty because so many factors contribute to the incidence and growth of cancer.

*Letter from Dr. F. Kristian Storm, Professor, Departments of Surgery and Human Oncology, University of Wisconsin, Comprehen-

sive Cancer Center, to Rep. Edward Markey, Feb. 2, 1993.

SOURCE: Office of Technology Assessment, 1995.

*Mark Fischetti, “The Cellular Phone Scare,” IEEE Spectrum, vol. 30, No. 6, June, 1993, pp. 43-47.

output was less than 0.1 watt and a 2.5 centimeter
separation was maintained between the user and
any radiating structures. 1 he standard has been
endorsed by the cellular industry and the FDA’s
Center for Devices and Radiological Health, but
EPA, the National Institute for Occupational Safe-
ty and Health and others have objections.”

OResearch Activities

Research into the possible health effects of radio
communication devices and systems is underway
in avariety of ingtitutions, including work spon-
sored by the cellular telephone industry. Ques-
tions have been raised about the potential bias of

*Microwave News, vol. 14, No. 5, September/October 1994, p. 8.

“Microwave News, vol. 14, No. 3, May/June, 1994, p. 13.

such work,” but these concerns appear to have
been addressed.” Planned research may provide
some answers to recently raised questions about
the health effects of wireless telecommunications.

Research is concentrated in epidemiology, do-
simetry, toxicology, and clinical studies. Through
statistical studies of large populations, epidemio-
logical studies seek to determine whether the oc-
currence of a disease can be associated with
characteristics of people or their environments
(see box 11-2). Dosimetry studies attempt to de-
velop appropriate models of exposure relevant to
human use of cellular and other wireless telephone
use. Laboratory studies use controlled experi-

*U.S. Congress, General Accounting Office, Status of Research on the Safety of Cellular Telephones, GAO/RCED-95-32 (Washington,

DC: November 1994).

“Letter from Dr. George Carlo, Chairman, Wireless Technology Research, to Mr. Keith O. Fultz, Assistant Comptroller Genera, Re-

sources, Community and Economic Development Division, U.S. General Accounting Office, Apr. 10, 1995.
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ments with cell tissues or animals to ascertain thand waveforms make it difficult to know the appli-
biological effects of particular radio-frequency cability of research findings in the United States.
emissions. These types of studies, epidemiologidn the United Kingdom, the National Radiological
al and laboratory, are necessary to assess whettmotection Board is developing computer models
there is a health risk to the population. to characterize the fields induced in the human
Two major research programs are being conhead by hand-held devices. Both German Telkom
ducted in the United States. In the first, Motorolaand the Research Association for Radio Applica-
a major manufacturer of cellular telephones andions—a consortium of manufacturers and cellu-
switching equipment, is funding a number of stud4ar providers—are sponsoring behavioral and
ies, some of which are published in the peer-rehealth effects research in Germany. The European
viewed literature. The other major researchCommission commissioned a study of thermal
program is a three-to-five year effort, estimated tand nonthermal health effects from wireless de-
cost upward of $25 million, funded by the cellularvice emissions in late 1994. The study is being
telephone industry using an unrestricted depositeonducted at the Center for Personkommunika-
only escrow fund that may be increased as retion at Aalborg University, Denmark.
search questions are refird.This effort is The credibility of industry-funded research de-
overseen by Wireless Technology Researcipends onanopen process, extensive peer and gov-
(WTR) (formerly the Scientific Advisory Group ernment review, adherence to accounting and
(SAG)) 21 and will support a number of multidis- auditing standards, no-strings-attached funding,
ciplinary studies in epidemiology, cell cultures, appropriate research questions and methods, and
test models, and geneti#%Both analog and digi- timely disclosure of research results. For the
tal transmission formats will be examined at pow-CTIA-sponsored effort, the peer-review panels
er levels and frequencies used by current cellulaaind the research itself are funded through an es-
systems, as well as those of proposed PCS. The rerow account to provide for strict independence.
sulting scientific work is subjected to review GAO (see below) questioned whether the research
through an independent peer-review board coordiefforts conducted under the cellular industry pro-
nated by the Harvard University School of Publicgram could be considered truly objective and
Health’s Center for Risk AnalysfS.Results will  credible; the WTR established a new nonprofit ad-
be submitted for publication in the scientific liter- ministrative structure to manage the research
ature. funds and altered its funding and supervisory
Research on cellular telephone health effects istructures to respond to GAO’s conceth§&ov-
also being conducted in Europe, although differernment funds might be contributed to the effort,
ences in transmission frequencies, power levels,

20 Interview with Scientific Advisory Group (now Wireless Technology Research) staff members, March 29, 1995.

21 Membership of the Scientific Advisory Group consists of Dr. George L. Carlo, of the Health & Environmental Sciences Group, Ltd., and
George Washington University; Dr. lan Munro, of CanTox, Inc.; and Dr. Arthur W. Guy, University of Washington, Seattle. On Mar. 31, 1995,
the SAG became Wireless Technology Research, LLC.

22 scjentific Advisory Group on Cellular Telephone Research, “Potential Public Health Risks From Wireless Technology: Research Agen-
da for the Development of Data for Science-Based Decisionmaking,” (Washington, DC: Scientific Advisory Group on Cellular Telephone Re-
search, Aug. 25, 1994).

23 Details of Wireless Technology Research and associated activities can be dinetess Technology Updaits organization newslet-
ter published in Washington, DC.

24 |_etter from Dr. George Carlo, Chairman, Wireless Technology Research, to Mr. Keith O. Fultz, Assistant Comptroller General, Re-
sources, Community and Economic Development Division, U.S. General Accounting Office, Apr. 10, 1995.
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but the WTR believes that bureaucratic and budgdevices for use and assures that their emission lev-

et constraints make this unlikely. els meet safety standards.
The study also concluded that little research on
[0 Government Initiatives the health effects of wireless telecommunications

The General Accounting Office (GAO) com- devices on humans is planned by the federal gov-
pleted a short study of research performed on th@'hment, with the exception of an epidemiological

safety of analog cellular telephones in Novemberstudy by the National Cancer Institute to be com-
1994. The report notes that no one federal reguldleted in 1997 or 1998. In 1984, the Environmen-

tory agency in the United States has responsibilitjal Protection Agency convened an interagency
for wireless communications device emissionsworking group on electromagnetic frequency

EPA has overall responsibility for advising the radiation, composed of scientific specialists. The

government on EMF exposures, the FDA estabFood and Drug Administration is establishing an

lishes standards for devices that emit radiationgversight group that includes policy specialists as
and the FCC approves wireless communicationsell.2>

25 Members include the U.S. Food and Drug Administration, the U.S. Environmental Protection Agency, the National Telecommunications
and Information Administration, the National Institutes of Occupational Safety and Health, and the Occupational Safety and Health Adminis-
tration.



