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SUMMARY

In June 1999, members of the Radiofrequency Interagency Work Group, including the

FCC's Senior Scientist, Dr. Robert Cleveland, wrote to a subcommittee of the Institute of

Electrical and Electronic Engineers, discussing 14 issues "that we believe need to be addressed

to provide a strong and credible rationale to support RF [radiofrequency] exposure guidelines."

That letter is the blueprint for the Inquiry the EMR Network asks the Commission to open.

It has been 10 years since the Institute's promulgation of the RF protection standard on

which current FCC rules are based. Significant research in the field has been conducted, peer­

reviewed and published since then. Even though the pertinent regulations were last revised in

1996-97, the supporting scientific and medical studies are no more recent than 1985. It is past

time to take account of substantial later work.

The current RF protection standards are based on short-term exposures demonstrated to

cause hamlful overheating of human body tissues. The principal question asked by Dr.

Cleveland and his fellow Work Group members is how to approach "chronic exposure to RF

radiation ... that does not elevate tissue temperature on a macroscopic scale."

While a recent report from the General Accounting Office does not purport to answer that

question, it implicitly faulted the level ofpublic1y-funded research into human health effects of

mobile phone use and identified differences in the way the FCC and another federal agency treat

"uncertainty factors" in safety risks. Such factors and numerous other topics are reviewed in the

Work Group letter and deserve the thorough exploration of an Inquiry potentially leading to

revised and improved RF radiation protection rules.

III



Before the
FEDERAL COMMUNICATIONS COMMISSION

Washington, D.C. 20554

In the Matter of )
)

Environmental Effects of Radiofrequency )
Radiation: Petition for Inquiry to Consider )
Amendment of Rules in Parts 1 and 2 )

PETITION FOR INQUIRY

The EMR Network l respectfully requests that the Commission issue a Notice ofInquiry

designed to gather information and opinion about the need to revise the regulations in Parts 1 and

2 of the FCC's Rules concerning the environmental effects of radiofrequency radiation ("RFR").

The Inquiry would focus on Sections 1. 1307(b), 1.1310,2.1091 and 1.1093 and the associated

procedures for Environmental Assessment ("EA") and Environmental Impact Statements

("EIS").

Introduction. On June 17, 1999, members of the Radiofrequency Interagency Work

Group ("IWG"), including the FCC's Senior Scientist, Robert Cleveland, wrote to Richard Tell,

a consulting radio engineer who chairs the Institute of Electrical and Electronic Engineers

("IEEE") SCC28 Subcommittee 4 Risk Assessment Working Group ("SC 4,,).2 Their letter

(attached as Exhibit A) identified and briefly discussed 14 issues "that we believe need to be

addressed to provide a strong and credible rationale to support RF exposure guidelines."

I The EMR Network is a non-profit corporation, based in Marshfield, Vennont, of "citizens and
professionals for the responsible use of electromagnetic radiation." More information can be
found at www.EMRNetwork.org.

2The IEEE, in collaboration with the American National Standards Institute ("ANSI"), since
1982 has been a principal source of expert advice to the FCC about safeguarding employees and
the general population from the hazards of RFR exposure. Amendment ofPart 1, 100 FCC 2d
543,544 (1985). See also, Note to Introductory Paragraph, 47 C.F.R.§1.1310.



2

Less than two years earlier, the FCC had essentially affirmed, on reconsideration, the

RFR protection rules now found in Parts 1 and 2. The agency acknowledged that the revised

regulations continued to be based on "acute" (short-term) and "thermal" (tissue-heating) effects

ofRFR. Claims of "chronic" (long-term) effects below the exposure levels known to cause

heating of human tissue were met with this disclaimer:

It would be impracticable for us to independently evaluate
the significance of studies purporting to show biological
effects, determine if such effects constitute a safety
hazard, and then adopt stricter standards than those
advocated by federal health and safety agencies. This
is especially true for such controversial issues as
non-thermal effects and whether certain individuals
might be "hypersensitive" or "electrosensitive.,,3

In its August 1999 revision of OET Bulletin 56, a compilation of questions and answers on

potential RFR hazards, the Commission described reports of biological harm from low-intensity,

non-thermal effects as "ambiguous and unproven." Admitting that the phenomena may exist,

"whether or not such effects might indicate a human health hazard is not presently known."

(OET Bulletin 56, 8)

Against this backdrop of skepticism, the comments of the Interagency Working Group

compel a new look at the issues for the first time in a decade since the ANSI-IEEE standards

were adopted. On the question of "adverse effect level," the agency scientists write:

Since the adverse effect level for the 1991 guidelines was
based on acute exposures, does the same approach apply for
effects caused by chronic exposure to RF radiation, including
exposures having a range of carrier frequencies, modulation
characteristics, peak intensities, exposure duration, etc., that
does not elevate tissue temperature on a macroscopic scale?

3 Guidelines for Evaluating the Environment Effects of Radiofrequency Radiation, 12 FCC Rcd
13494 (1997), '131.
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Concerning the Specific Absorption Rate ("SAR") - relative absorption of electromagnetic

energy per second (watts) per unit of body mass (kilograms) -the IWG suggests:

[A]n effort should be made to base local SAR limits on the
differential sensitivity of tissues to electric fields and
temperature increases. For example, it seems intuitive that
the local limits for brain and bone marrow should be lower
than those for muscle, fat and fascia; this is not the case
with the current limits which implicitly assume that all tissues
are equally sensitive (except for eye and testicle).

Finally, as to acute versus chronic exposures, "the past approach of basing the exposure limits on

acute effects data with an extrapolation to unlimited chronic exposure durations is problematic."

For lower level ("non-thermal") chronic exposures, the effects
of concern may be very different from those for acute exposure
(e.g., epigenetic effects, tumor development, neurologic
symptoms)....[A] clear rationale needs to be developed to
support the exposure guideline for chronic as well as acute
exposure.

As will be developed below, taken together the 14 issues identified by the IWG are the

blueprint for the Notice ofInquiry we request. We see the FCC's effort not as duplicating but

complementing and expanding the on-going work of IEEE and other RFR standards bodies. The

IWG describes its letter as a "response to previous requests for greater participation on our part

in the SCC28 deliberations on RF guidelines." In turn, we would expect SC 4 participation in

the Notice of Inquiry.

Nor should the Notice ofInquiry be seen as the FCC's responsibility alone. The other

agencies on the IWG - EPA, FDA, OSHA, NIOSH and NTIA - are part of the body of expertise

on which revised RFR rules must be founded. As the FCC has acknowledged:

In the past, the Commission has stressed repeatedly that
it is not a health and safety agency and would give great
weight to the judgment of these expert agencies with
respect to determining appropriate levels of safe
exposure to RF electromagnetic fields.
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12 FCC Rcd at ~30. The statement is as true today as it was four years ago. The participation of

the expert agencies in the Notice of Inquiry, and in any subsequent rulemaking, not just behind

the scenes as an IWG but also publicly and openly, will be important to the credibility and

acceptance of the outcome.

Background. As noted above, the current version of the FCC's Bulletin 56 describes

claims of harm from low-exposure, non-thermal RFR effects as ambiguous and unproven.

Under this line of reasoning, to establish biological effects from RFR would be insufficient. The

effects must be shown hazardous to human health. Recently, however, Dr. Christopher Forrest

of the Johns Hopkins University Medical School was quoted on the subject of "proof' linking

smoking to lung cancer:

The initial evidence, he said, was observational. Scientists
found a "dose-response relationship" between smoking and
disease: the more a person smoked, the greater the likelihood
of sickness. They found a temporal relationship: smoking
preceded cancer. But still, the tobacco industry could claim
there was no proof. That did not change, Dr. Forrest said, until
molecular biologists showed smoking caused genetic changes
in the lung. 4

What we now know about smoking and disease gives rise to this fair question: Before the

evidence became conclusive, did government do all it could or should have done to reduce health

risks- from warnings on cigarette packs to outlawing sales to minors to bans on indoor smoking

in spaces accessible to the public?

When the present RFR protection rules were adopted in 1996-97, the FCC and its sister

agencies, and the standards bodies on which they relied, put most of their trust in a two-step

4 Sheryl Gay Stolberg, "Science, Studies and Motherhood," New York Times, April 22, 2001,
"Week in Review," 3.
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process of (1) identifying "studies purporting to show biological effects" and (2) determining "if

such effects constitute a safety hazard." (text at note 3, supra) Thus, not even the special

concerns of one of the standards bodies for "modulation effects" could move the agency to

greater precaution:

Since we have no specific indication of exposure hazards
related to modulation caused by FCC-regulated transmitters,
and since at this time no new proof of such hazards has been
presented by petitioners, we continue to believe it would be
premature to adopt the NCRP modulation criteria.

12 FCC Rcd at ~33.

Increasingly, scientists working in the field ofnon-ionizing RFR are recommending that

we treat biological effects from low-intensity exposures with more respect until we better

understand their mechanisms. This has long been the approach to ionizing (nuclear) radiation

where, as discussed further below, considerable uncertainty persists over the magnitude of risk at

5low doses and low dose rates.

In an Appendix to the Minutes of Evidence of the British Parliament's Select Committee

on Science and Technology, September, 1999, physicist Dr. GJ. Hyland wrote:

Although the existing safety guidelines are clearly necessary,
they are quite inadequate. For they completely fail to consider
the possibility of adverse health effects linked to the fact that
living organisms - and only living ones - have the ability to
respond to aspects of technologically produced radiation other
than its intensity, and, accordingly, can respond at intensities
well below the limits imposed by the safety guidelines. A

5 Human exposure to ionizing radiation is regulated to be "as low as reasonably achievable."
Correlative language is found in the European Communities' Treaty ofMaastricht (1992) which
denominates a "precautionary principle" requiring society to take "prudent action when there is
sufficient scientific evidence (but not necessarily absolute proof) and inaction could lead to
haml." "Prudent avoidance" ofRFR risks has made its way into adjudication of disputes over
radio antenna placement. New York SMSA Limited Partnership v. Town a/Clarkstown, 00 Civ.
3029 (CM), USDC-SDNY, May 26,2000, 14.
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well-known example of this is the ability of a stroboscope
-- even at quite low intensities - to induce epileptic seizures.6

This same "possibility of adverse health effects" is what the IWG members seem to be referring

to in their letter to the IEEE, particularly on the issues of "adverse effect level" and "uncertainty

factors."

Certainly there is no shortage of scientifically-observed biological effects ofRFR in the

literature of the past six years. A set of abstracts totaling nearly 100 pages has been compiled by

Dr. Henry C. Lai, Research Professor in the Department of Bioengineering at the University of

Washington. 7 From this list, Dr. Lai has identified at least six studies oflow-intensity effects

"within the intensities of cell mast [tower] exposure." About such exposures for humans, Dr. Lai

has stated:

FurtheI111ore, when considering the health effect of radiation
from cell phone masts, one has to consider the effect of long
teI111 exposure. People who live close to masts are constantly
being exposed to the radiation for months or years. Even though
the intensity is low, it would matter if the effects of the radiation
tum out to be cumulative ... Small doses cumulate[d] over a
long period of time will eventually lead to haI111ful effects. 8

One historical window on 10ng-teI111 haI111 may be the low-intensity microwave bombardment of

the U.S. Embassy in Moscow from 1953 to 1976. Initially, the so-called "Lilienfeld Study,"

produced for the State Department in I978 and aired in Congress the next year, found that

"elevated lymphocyte [white blood cell] counts and protozoan intestinal diseases were the only

(, www.publications.parliament.uklpalcm199899/cmselect/cmsctech/489/489a23.htm

7 www.EMRNetwork.orgiresearch/research.htm#laisummary.pdf

8 Letter to Committee on Natural Resources, VeI1110nt House ofRepresentatives, Exhibit B
hereto.
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statistically significant illness that occurred in Moscow Embassy personnel (versus controls).,,9

Later reviews of the Lilienfeld Study evidence, however, concluded that other statistically

significant health effects had not been accounted for, including skin rashes and other problems;

diseases of the peripheral nerves and ganglia; problems during pregnancy and childbirth; benign

(male) and malignant (female) tumors. Additional effects that today we would associate with

health were irritability, depression, loss of appetite and "concentration difficulties." !d. Noting

that the Moscow radiation was phase-, amplitude- and pulse-modulated, and that its intensity

range of2 to 28 microwatts per square centimeter was hundreds of times lower than current U.S.

exposure standards, Liakouris concludes:

The evidence from the literature review, as well as from
the Lilienfeld Study, support the RF sickness syndrome
as a medical entity. The evidence also calls for new
research in which current biomedical engineering
knowledge ofbiosignal processing and instrumentation
are used. Jd.

These were not the views of the FCC, or of the standards bodies on which the

Commission chiefly relied, at the time the current RFR safeguards were adopted. Both IEEE in

its 1991 standard and National Council on Radiation Protection ("NCRP") in its 1986

recommendations settled on the same four watts per kilogram as a threshold for thennal effects

harmful to humans. IEEE stated flatly there was no evidence that RFR at non-thennal intensities

produced effects "meaningfully related to human health."lo While NCRP had recommended

stricter limits for workers exposed to certain modulations ofRFR, and the FCC had called for

l) Liakouris, A.GJ., "Radiofrequency (RF) Sickness in the Lilienfeld Study: An Effect of
Modulated Microwaves?", Archives of Environmental Health, Vol. 53, No.3 (May-June, 1998),
237.

I () Order on Reconsideration, 12 FCC Rcd 13494, ~28.
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speci fie comment on the point, I
1 the Commission ultimately concluded that "there is insufficient

evidence to give special consideration to modulation effects.,,12

This judgment could not take into account, however, scientific papers published even in

the late 1980s, much less the decade of the 1990s. The cut-off for documentation in the NCRP

1986 recommendations was 1982 and for the IEEE standard of 1991, the review encompassed

papers published in 1985 or earlier. Dr. Lai's compilation (note 7, supra), as well as footnotes to

the Liakouris article (note 9, supra), suggest that research into human biological effects at sub-

thennal intensities, with particular attention to modulated and pulsed radiation, has not been

lacking. Regrettably, very little if any of this work has been done by, or under the sponsorship of,

the expert federal agencies such as EPA, FDA and NIOSH.

For EPA, the past decade has been especially lean in resources for work on RFR. Under

the federal government's Reorganization Plan No.3 of 1970, in the wake of the National

Environmental Policy Act ("NEPA") a year earlier,13 EPA was assigned primary responsibility

for guiding other federal agencies in the matter of both nuclear ("ionizing") and radiofrequency

("non-ionizing") radiation. For a time in 1995, it appeared that EPA would issue guidelines for

RFR protection that could be adopted by the FCC in the rulemaking opened in 1993. The

guidelines were never issued. Part of the explanation may lie in the 1990-2000 EPA budget

summary attached hereto as Exhibit C.

II Notice of Proposed Rulemaking, 8 FCC Rcd 2849 (1993), '125.

12 Order on Reconsideration, 12 FCC Rcd 13494, ~33.

13 42 U.S.C.§4321, et seq.



9

In a recent report focused on human health effects of mobile phone use, the General

Accounting Office ("GAO") found evidence of harm inconclusive but implicitly faulted the level

of publicly-funded research:

At present, only one agency, NIH [National Institutes of Health],
is providing significant funding for research related directly to
the health effects of mobile phone emissions.

As to EPA, the agency "used to have a substantial in-house program of research on

radiofrequency energy, but it was largely eliminated in the 1980s for budgetary reasons." The

GAO report also noted an Air Force study of low-intensity RFR as it might affect the blood-brain

barrier, a subject of considerable interest to private medical researchers as wel1. 14 One of the

NIH projects, nominated by FDA, falls under the National Toxicology Program ("NTP") based

at the National Institute of Environmental Health Sciences and anticipates spending as much as

$10 million over several years in testing effects on rats from exposure to cellular phone

frequencies and intensities. 15

The relatively extended timeline for the NTP research need not, in EMR Network's view,

delay the prompt opening of the requested Notice ofInquiry. Ample scientific work has been

performed, peer-reviewed and published over the past 15 years to justify beginning now the

painstaking and necessarily collaborative task of considering whether the FCC's RFR safeguards

14 "Research and Regulatory Efforts on Mobile Phone Health Issues," GAO-01-545, May 2001,
14. See also, Lai, note 7, citing Persson et aI., at 67. The blood-brain barrier is a selectively
permeable membrane allowing useful fluids to pass from blood to brain while excluding toxins.
Numerous studies cited in the Lai compilation found a "leakage" effect in mice irradiated with
RFR.

ISId. The use ofrats and other quick-breeding mammals facilitates the study of potential genetic
effects from RFR exposure. FDA is primarily responsible, among federal agencies, to control
radiation from electromagnetic or electronic equipment as it might affect human health and
safety, while the FCC has plenary authority over the radio interference potentials in such
emissions. The two agencies have collaborated in seeking to minimize inadvertent interference
to pacemakers and medical monitoring devices. See, e.g., Joint Statement, March 25, 1998.
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should be revised. At the core of the effort should be a comprehensive examination of the 14

issues briefed in the IWG's June 19991etter to IEEE. Each is discussed at greater length below.

I. Selection of an adverse effect level16

The IWG properly places on the table the question "Should the thennal basis for

exposure limits be reconsidered." The IWG poses three sets of "selection criteria that could be

considered in detennining unacceptable/adverse effects." We believe that two of the three

already have been demonstrated by research covered in the cited reviews. In tenns of "minimal

physiological consequences," such human effects as tinnitus (or ringing in the ears) have been

shown beyond reasonable doubt and without much lingering controversy.17 The Liakouris

reexamination of the irradiation of the U.S. Embassy in Moscow (note 9, supra) suggests

statistically significant evidence of irritability, loss of appetite and loss of concentration. Lai

(note 7) lists DNA breaks, behavioral changes, learning and memory, cognitive functions and

sleep disorders among topics in his compilation of findings by RFR researchers. 18

The IWG's second set of selection criteria is captioned "measurable physiological effects,

but no known consequences." To the extent that the minimal consequences posited in the first

set arc reversible (and the more so if they disappear), they tend to merge with "no known

16 It is not the FCC's task, of course, to consider the potentially beneficial uses oflow-intensity
RFR. The agency's rules, for example, control the high-intensity radiation of diathenny
equipment without seeking to promote heat therapies. Nevertheless, it seems possible that better
understanding of the likelihood ofhann from non-thennal RFR exposures might also advance
the medical use of "good" microwaves.

17 "Proposed Alternatives for Controlling Public Exposure to Radiofrequency Radiation," 51 FR
LEXIS 27318, July 30,1986, at 24.

J 8 We do not mean to make light of these effects by discussing them as minimal. Lai' s
compilation (note 7, supra) describes "irreversible infertility" from microwave irradiation
(Magras and Xenos, 52), while also reporting both DNA damage and repair at varying specific
absorption rates (J.L. Phillips et at., 68-69).
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consequences." Some might argue, however, that the absence ofknown consequences is more

unsettling than the case of effects that are merely temporary or transitory. We have reason to be

concerned that what seems to be without consequence on the "macroscopic scale" of the whole

body may be producing hidden results at the cellular or molecular level.

Heretofore, the demonstration of a human biological effect has been insufficient, in the

FCC's view, to offset the public interest in the technological advancement of wireless services

and devices. Effects with unknown or minimal consequences essentially have been ignored.

The IWG's suggestion that such effects might be deemed unacceptable, and therefore eligible for

safeguarding by rule, would represent a break from the past, but not far-fetched in light of the

practice of other agencies.

Where ionizing nuclear radiation is concerned, the regulations of the Nuclear Regulatory

Commission ("NRC"), the Department of Energy and the Department of Transportation adopt

the principle that exposure should be kept "as low as reasonably achievable.,,19 As the NRC

explained in fashioning this prudential standard:

The [NRC] recognizes that, when application of the dose
limits is combined with the principle of keeping all
radiation exposures "as low as reasonably achievable,"
the degree of protection could be significantly greater
than relying upon the dose limits alone.20

The NRC said the predictability of harm from high doses and high dose rates of ionizing

radiation lessened when doses went down:

19 See, e.g., 10 CF.R.§§20.1003, 20.1101 (2000); 10 CF.R.§835.2 (2000); 49 CF.R.§ 172.803
(1996).

20 "Standards for Protection Against Radiation," 56 Fed. Reg. 23360, May 21, 1991, section LA.
Dose limits are analogous to the time-averaged Maximum Permissible Exposures ("MPEs")
found in Section 1.1310 of the FCC Rules or the separate SAR parameters in Sections 2.1091
and 2.1093.



12

However, whether these effects occur at very low doses
and, if they occur, whether their occurrence is linearly
proportional to dose are not firmly established. This
creates considerable uncertainty in the magnitude of risk
at low doses and low dose rates.1d., at section I.B.21

Similarly, the human biological effects of low-intensity RFR with variable modulations are "not

firmly established." Whether and how to reduce the risk that these effects might be harmful are

two key issues for the NOI in the category of "adverse effect level."

Just as the NRC considered and adopted a prudential standard not based solely on proven

harm, so the IWG has recommended to IEEE, and we recommend here, that the criteria for

selection of an unacceptable or adverse effects level not be restricted to harm to "bodily

functions/systems." The criteria should also take account of physiological effects which are

measurable but whose consequences are "minimal" or "unknown" ~ in order to guard against the

risk that our characterizations are the result of ignorance rather than literal harmlessness of the

effects. As Henry Lai writes in a forthcoming set of conference papers:

Biological effects do not automatically mean adverse health
effects. Many biological effects are reversible. However, it
is very clear that low-intensity RFR is not biologically inert.
Much more needs to be learned before a presumption of
safety can be made.22

II. Acute and chronic exposures

We agree with the IWG that the "past approach of basing the exposure limits on acute

effects data with an extrapolation to unlimited chronic exposure durations is problematic." We

21 On the complexities of non-linearity, see also Hyland (note 6, supra), "The Physiological and
Environmental Effects of Electromagnetic Radiation," a report to the European Parliament
released March, 200 I, at www.europarl.eu.int./stoa/publi/pdfJOO-07-03_en.pdf.

22 "Biological Effects of Radiofrequency Radiation from Wireless Transmission Towers," in B.
Blake Levitt, ed., Cell Towers: Wireless Convenience? or Environmental Hazard? (Safe
GoodslNew Century Publishing, 2001).
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believe that much of the research published since 1985 supports the existence of "epigenetic

effects, tumor development, neurologic symptoms" and other results which, ifnot permanently

harn1ful, are at least worrisome enough to be guarded against. Again, the previously-cited Lai

compilation and the studies identified in the Liakouris paper strongly suggest that the absence of

macroscopic effects from RFR below thermal intensities is not a proof of harmlessness.

Conversely, in the presence of demonstrable biological effects from long-term, low-intensity

RFR, but absent clear proof that the effects are permanently harmful, the IWG is correct that "a

clear rationale needs to be developed to support the exposure guidelines for chronic as well as

acute exposure."

III. Tiered guidelines

It is conceivable that the application of a clear rationale for chronic, low-level exposure

will, of itseIt~ solve the issues arising from the conceptual dichotomy of an RFR-educated or

aware workforce versus an ignorant or unaware general population. More likely, we think, is the

IWG' s statement that "if it is determined that certain populations (due to their health status or

age) are more susceptible to RF exposures, then a multi-tiered standard, applicable only to those

specific populations, may be considered." One of the concerns driving debate over the

proliferation of wireless Local Area Networks ("LANs"), linking classroom computers internally

and externally, is the fear that children are disproportionately susceptible to any harmful effects

of this type of low-intensity radiation. 23

23 www.EMRNetwork.org/schools/schools.htm#curry_broward.pdf
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IV. Biological basis for local SAR limit

It may be "intuitive that the local limits for brain and bone marrow should be lower than

those for muscle, fat and fascia," as the IWG suggests, but such intuition was not followed by

IEEE in 1991. To the contrary, the recommended SAR exposure limits for hands, feet, wrists

and ankles (presumably more bone than muscle or fat) were elevated, without any biological

explanation, by 250% over their levels in the 1982 IEEE recommended standards. Nor did the

FCC explain its choice of IEEE over the NCRP 1986 recommendation, where the limit for

exposure of extremities remained unchanged. We agree with the IWG that "an effort should be

made to base local SAR limits on the differential sensitivity of tissues to electric fields and

temperature increases."

V. Uncertainty factors

The GAO report (note 14, supra) provides a timely illustration of why it is important, as

the IWG suggests, "to provide a clear rationale for the use of uncertainty factors." Noting that

the FCC requires testing of mobile and portable phones for compliance with the SAR limits in

Sections 2.1091 and 2.1093 of the Rules, the GAO quoted Commission staff acknowledgment

that

[T]he combined effect of measurement uncertainty and
procedural variations could, in some instances, cause a
phone's actual maximum SAR level to fall somewhere
within a range of plus or minus 50 to 60 percent (at a
confidence interval of95 percent) of the test result.24

According to the GAO report, the FCC does not incorporate "measurement uncertainty

associated with the test result" into its compliance review, whereas FDA ~ in its comparable

monitoring of microwave ovens -- requires manufacturers to "take all measurement errors and

74
~ GAO-01-545, at 23.
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uncertainty into account." The two agencies apparently were unaware of their different

approaches, but the FCC told GAO it would contact FDA to discuss the issue. (GAO-OI-545, at

24)

VI. Pulsed or frequency-modulated RF radiation

The NCRP recommendations of 1986, and several of the federal expert agencies, in their

1993-94 comments on the proposal leading to the current RFR rules, urged additional caution in

dealing with modulated and pulsed radiation. The IWG brief on the issue appears to recognize

that the FCC's response25 in 1996-97 no longer suffices today, particularly with the

overwhelming digitization of personal wireless services such as cellular and PCS, not to mention

school and office wireless Local Area Networks CLANs").

From the research reports referenced above - and, we suspect, from the many more

sources that are likely to be identified in any new inquiry - we believe the answer is almost

certainly "yes" to the question posed by the IWG: "Are the results of research reporting

biological effects caused by intensity-modulated, but not CW [continuous wave, unmodulated],

exposure to RF radiation sufficient to influence the development ofRF exposure guidelines?"

One of the tasks of an inquiry and any subsequent proposed rules will be to determine the risks

of hann in the reported effects and to adopt regulatory safeguards in keeping with those findings.

VII. Induced and contact currents; transient discharges

While EMR Network agrees with the IWG's concerns over IEEE's recent elevation of

the induced current limits and the need for quantitative criteria or other safeguards aimed at

limiting exposure to transient discharges, we believe the unfinished business is even larger. Both

25 "There is insufficient evidence to give special consideration to modulation effects at this
time." Report and Order, 11 FCC Rcd at ~32; 12 FCC Rcd at ~33.
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IEEE 91 and NCRP 86 contain recommended safeguards against "shock and bum" from induced

and contact currents. Rejecting similar advice from OSHA, NIOSH and EPA, the FCC

concluded that measurement tools and other means of monitoring compliance were lacking. This

finding, however, was reached in the face of contrary information in the 1993-96 record of the

proceeding, and a new inquiry should determine whether it remains valid.26

VIII. Exposure limits at microwave frequencies

Purely as a matter of thermal protection, we would agree with IWG that the rationale for

relaxing continuous-exposure limits as low in frequency as 1500 MHz (1.5 GHz) should not

continue to be based on likening these radiation effects to sunburn. At 1500 MHz, microwaves

can be expected to penetrate into tissue from an inch to 1.5 inches and to behave much

differently than "millimeter waves" at 30-100 GHz. For reasons already discussed, however, we

believe consideration must be given to greater protection against possible harm from RFR at less

than thermal intensities, with or without modulation. Acute microwave "bum" is only one

possible harm among several.

IX. Compatibility of RFR guidelines

We agree that compatibility of national and international RFR guidelines is important not

only in the sense of "harmonization," which could enhance commerce and reassure travelers, but

also as a matter of education. By comparing U.S. standards with those of other countries, we

instruct ourselves in a potentially useful way about the reasons for the differences.

Attached as Exhibit D is a tabulation of national exposure limits for RFR in the

frequencies generally employed for cellular and PCS mobile radio. Each entry has its own

history, but it may be instructive to explore more deeply the common choice ofRussia and Italy

26 11 FCC Rcd at ~~130-I51.
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for a standard 60 to 100 times more protective than the U.S. As noted by Liakouris, Russian

policy has been influenced by early agreement on so-called microwave sickness as a medical

entity. Italy's reasons may be partly captured by the slang term, translated as "electrosmog,"

applied to ambient electromagnetic fields. Here are the lead paragraphs from two recent Reuters

international news service dispatches:

ROME, April 13 - Italian state prosecutors sequestered two
U.S. armed forces radio transmitters in Naples two weeks
ago because of excessive radio radiation, a U.S. Navy
spokesman said on Friday.

ROME, April 21 - The Italian government on Saturday said
it had earmarked 267.5 million lire ($124,500) of revenue
from the sales of five third generation mobile phone (UMTS)
licenses to help combat electromagnetic pollution.

x. Time averaging; replication/validation; health effects literature

The importance of these topics raised by the IWG is self-evident. As Hyland has

observed (notes 6 and 21, supra), the contingencies of hormonal, metabolic and other variations

in living beings make absolute replication difficult ifnot impossible:

This, of course, has serious implications on the acceptability
of the philosophy underlying the current formulation of safety
guidelines ... namely, that they can be based only on
established reproducible effects. The intensity-based heating
effect of microwave radiation, of course, conforms to this
criteria [sic], since being independent of whether the
irradiated organism is alive or dead, it can be predicted to
occur with certainty. Necessarily excluded, however, are
effects contingent on the "aliveness" of the human organism.27

'7
~ Note 6, supra, at 4.
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Given the paucity of public research on RFR health effects in this country oflate, which makes

us all the more dependent on private studies of varying quality (and possibly self-interested

funding or sponsorship), the literature reviews must be comprehensive and painstaking.

Conclusion. For all the reasons discussed above, it is time to inquire, systematically and

with interagency collaboration, into the need for revising the RFR protection rules at Sections

1.130 I et seq. and 2.1091-1093. The opening of such an inquiry need not and should not await

the completion ofIEEE's current revision process, nor the outcomes of any current or soon-

to-be-opened programs ofresearch. The inquiry and any subsequent rulemaking are likely to be

of sufficient duration to pick up important developments and findings over the next several

years.

Respectfully submitted,

B //.-
y-,L---j'----'---'---~'--~-"=
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Jam . Hobson
Miller & Van Eaton, P.L.L.c.
1155 Connecticut Avenue, N.W., #1000
Washington, D.C. 20036
(202) 785-0600

September 25,2001 ITS ATTORNEY
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DEPARTMENT OF HF:ALTH A~D Hll;\I;\l\ SF:.RVICES
EXHIBIT A

Public Health ServlC8

National 'nstllute for OCc;Lpat,onal

Safety and Health
Robert A Taft Laboratones

4676 Columbia Parkway

Cincinnati OH 45226-1996

June J7, 1999

t\tr Rlchard Tell
Ch:m. IEEE sccn (SC4)

R..Jsk Assessment Work Group
Rich:nJ Tell AssocIates. inc
8309 Gamd Canyon Lane
Las Vegas. NV 89129-~897

De:lfMr Tefl

The members of the RadJOfrcqucncy Interagency Work Group (RfIAWG) run'e Identified certam issues
rll.)t \\l: belic\r: nr:cd to be addressed [0 prm.ide a strong and credible ratIonale to support RF exposure
gUldchncs I am \\ntlng on behalf of the RfIA \VG members to share these Ideas \',ith you and other
members of the rEEF scen, Sl:ocOfWTI1t1ec 4 RJsk Assessment Work Group Our IJlputlS lJJ response to
prc\llJ\;S requests for grcakr partlclp:HIOIl on our pa,1m the SCC28 deltberatlOns on R); gUIdelines The
ISSll\;S. ami rebkd CQmments and qU\:,S[IOnS relevant to the rension of the IEEE RF guiddllles, Jrc given In

the enclosure 1\'0 particulJr pnonty IS ascnbcd to the order m ntuch the Issues arc llsted

The Vlc\\S expressed III this correspondence arc 1110SC of the members of the RadiofJe{juenC\ IJlruageI)c~

Work Group and dQ not represent the offiCial polrc!, or position of the respective agencies

The members of the RFIAWG appreCIate your ccnSlderation of our comments and wefcome further dialog
0.'1 these Issues Feci free to contact me or any member of the RFlAWG dJrcctly A Jist of the members of
thl: RFlA\VG IS enc!oscd, \\\L~ contact informa1iOn for your usc

SIncerelY yours,

t~/~ $­
w GregoryW~~Jj
Chrd, PhySIcal Agents Effects Branch
DiVISIon of Biomedical and

Bch.anoral SClCnC{;

Enclosures (2)

(c N Hankin

J Elder
R Cbeh:lll
R CutiS

ROwer.

L (rr:ss
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Radiofrequency Interagency Work Group Members
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(919) 541-4201 (fax)
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Lotl., W. Gregory
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National Institute for Occupational Safety
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Owen, Russell D.
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(301) 761-1842 (fax)

[do@cdrhfda gOY
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RI? Guideline Issues
Identified by members of the federal RF Interagency Work Gruup, June 1999

Issue Biological basis for local SAR limit

The C95 J partial body (local) exposure limits are based on an assumed ratio of peak to whole

body SAR, that is, they are dosimct rically, rather than biologically based Instead of applying a

doslmetric factor to the whole body SAR to obtain the local limits, an effort should be made to
base local SAR limits on the differential sensitivity of tissues to electric fields and temperature
increases For example, it seems intuitive that the local limits for the brain and bone marrow
should be lower than those for muscle, fat ilnd fascia; this is not the case with the current limits
which impEcitly aSSlIme that all tissues are equally sensitive (except for eye and testicle) !fno
other data are available, differential tissue sensitivity to ionizing radiation should be considered.

Ifit is deemed necessary to incorp0fate dosimetric factors into the resultmg tissue-specific SAR

limits these should be based on up-to-date dosimetric methods such as finite-difference

time-domain calculations utilizing MRI data and tissue-specific dielectric constants. For certain
exposure conditions FDTD techniques and MRI data may allow beller simulation of peak SAR
values Consideration should be given to the practical tissue volume for averaging SAR and
whether this volume is relevant to potential effects on sensitive tissues and organs

Selection of an adverse eff~s:lk}'e!

Should the thermal basis for exposure limits be reconsidered, or can the basis for an
unacceptable/adverse effect still be defined in the same manner used for the 1991 IEEE
gUidelines? Since the adverse effect level for the 199 I guidelines was based on acute exposures,
docs the same approilcn apply for effects caused by chronic exposure to RF radiation, including
exposures having a range of carrier frequencies, modulation characteristics, peak intensities,
exposure duration, etc., that does not elevate tissue temperature on a macroscopic scale?

SelectIOn criteria that could be considered in determining unacceptable/adverse etfecls include

a) adverse effects on bodily functions/systems
b) minimal physiological consequences

c) measurable physiological effects, but no known consequences

Tfthe adverse elTeet level is based on thennal effects in laboratory animals, the literature on
human studies (relating dose rate to temperature elevation and temperature elevation to a

physiological etfecr) shourd be used to determine if the human data could reduce uncertainties in
dctermll1atlon of a safety factor
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Acute and chronic exposures
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There is a need to discuss and differentiate the criteria for guidelines for Clcute and chronic
e.xposure conditions The past approach of basing the exposure limits on acute effects data with
an extrapolation to unlimited chronic exposure durations is problematic There is an t'xtensive
data base on acute effects \vith animal data, human data (e g \1RI information), and modeling to
address thermal insult and associated adverse effects [or acute exposure (e.g, less than one day)
For lower level ("non-thennal"), chronic exposures, the efleets of concern may be very different
from those for acute exposure (e g, epigenetic effects, tumor development, neurologic
symptoms) It is possible that the IEEE RF radiation guidelines development process may
conclude that the data for these chronic effects exist but are inconsistent, and therefore not
useable for guilkline development If the chrl)rUc exposure dara are not helpful in determining a
recommended exposure level, then a separate rationale for extrapolating the results of acute
exposure data may be needed In t'ither cast' (chronic ef1'(>c!s data that are useful or not useful), a
clear rationale needs tu be devt'loped to support the exposure guideline for chroni.;: as IVl..'1t as
acute exposure

A one tier guideline DIust incorporate all exposure conditions and subject possibilities (c g , acute
or chronic exposure, healthy workers, chronically ill members of the general pubric, etc) A two
tier guideline, as now exists, has the potential 10 provide higher limits for a specific, defined
population (e g , healthy workers), and exposure conditions subject to conlrols, while providing il

second lllnit that addresses greater uncertainties in the data available (about chronic expOSl:re
effects, about variations in the hea!!h of the subject population, etc) A greater safety factor
would have to be incorporated to deal with greater uncertainty in the scientific data available
rhus, a two-tier guideline offers more flexibility in dealing \vith scientific uncertainty, v"hile a
one-tier guideline would force a more conservative limit to cover all circumstances including the
scientitic uncertainties that exist

1s~l!~~ ~9JltrQlled vs uncontrolled (applicability o[t\1"O IEEE exposure tiers)

The current "controlled" and "uncolltrolled" ddlnitions are problematic, at leasl in the civllian
sector, particularly since there are no procedures defined in the document to implement the
"controlled" condition The llew gu:delioes should offn Llin:clion [or the range ofeontrofs to be
implemenr~'d and the train~ng required for those \vho knowingly will be exposed (eg workers),
along the hnes of the eXlstmg ANSI laser safet)' standards This essential element needs to be
lf1cludeo for whatever limits Clre dcfmed, be they one-tier or two-tier

Fur example, the OSHA posilion is that the "ullcontrolled" level is strlctly an "action" level which
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indicates that there is a sufficiently high exposure (compared to the vast majority of local ions) to
merit an assessment to determine what controls and training are necessary to ensure persons are
not exposed above the "controlled" limit. Many similar "action" levels are part of OSHA and
public health standards Should this interprelation be incorporated into the IEEE standard as a
means to determine the need to implement a safety plan? [The laser standard has a multi-tiered
(Class I, II, Ill, IV) standard which similarly requires additional controls for more powerful lasers
to limit the likelihood of an excess exposure, even though the health effect threshold is the same]

On the other hand, if it is determined that certain populations (dlle to their heatth status or age)
are more susceptible to RF exposures, then a multi-tiered standard, applicable only to those
specific populations, may be considered

The ANSI/IEEE standard establishes two exposure tiers for controlled and uncontrolled
environments The following statement is made in the rationale (Seclion 6, page 23) "The
important distinction is not the populalion type, but the nature of the exposure environment" If
that lS the case, consideration should be given to providing a better explanation as to why persons
In uncontrolled environments need to be protecled to a greater extent than persons in controlled
environments An uncontrolfed environment can become a controlled environment by simply
restricting access (eg , erecting fences) and by making individuals aware of their potential for
exposure After such actions are taken, this means that Ihe persons who previously could only be
exposed at the more restrictive uncontrolled levels could now be exposed inside the restricted
area (eg, inside the fence) at controlled levels

What biologically-based factor changed for these people? Since the ostensible public health
rcason for providing greater protection for one group of persons has historically been based on
biological consideratJons or comparable factors, it is not dear why the sentence quoted above is
valid

Issue. Uncertainty factor~

The uncertainties In the data used to develop the guideline should be addressed An accepted
practice in establishing human exposure Icvels for agents that produce undesirable effects is the
application offactors representing each area of uncertainty inherent in the available data that was
used to identify the unacceptable effect level Standard areas of uncertainty used in deriving
i'ccepti\ole hllflliln dose for agents that may produce adverse (but non-cancer) effects include

(I) extrapolation of acute effects data to chronic exposure conditions,

(2) unce~ain~y in extrapolating animal data to humans in prolonged exposure situations,
(3) ~anatlOn In the susceptibility (response/sensitivily) among individuals,
(4) Incomplete data bases,

(5) unccr1ainty in the selrction of the effects basis, inability of any single study to
adequately address all possible adverse outcomes
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If guidelines are Intended to address nonthcrmal chronic exposures to intensity modulated RF
radiation, then how could uncertainty factors be used, how would this use differ from the
historical usc of uncer1ainty factors in establishing RF radiation guidelines to limit exposure to
acule or sub-chronic RF radiation to prevent heat-related effects?

There is a need to provide a clear rationale for the usc of uncertainty factors.

Studies continue to be published describing biological responses to nonthemlal ELF-modulated
wd putse-modulated Rf radialion exposures that are not produced by CW (ul1modulated) RF
radiiltlon These studies have resulted in concern that exposure guidelines based on thermal
effects, and using infonnation and concepts (lime-averaged dosimetry, uncer1ainty factors) that
mask any differences bet\veen intensity-modulated RF radiatIon l'xposure and CW exposure, do
not directly address public exposures, and therefore nJay not aciequillelv protecl the public The
parameter used to describe dose/dose rate and used as the basis for exposure limits is
time-,1\!craged SAR, time-averaging erases the unique characteristics of an intensity-modulated
RF radiation that may be responsible for producing an effect

Are the results of research reporting biological effects caused by intensity-modulated, but not CW
exposure to RF radiation sufficient to influence the development of RF exposure guidelines? If
so, then how could this information be used m developing those guiderines? How could intensity
modulation be incorporated into the concept of dose to retain unique characteristics that may be
rcspomrble for a relationship between exposure and the resulting effecls?

Time averaging of exposures is essential ill dertling \vj(h variable or intemliltent exposure, e g,
that arising from being in a fixed location of a rotaling antenna, or from moving through a fixed
RF field The 0 I h approach historically used should be reassessed, but may serve this purpose
iidequ3tely Time averaging for other features of RF exposure is not necessarily desirable,
however, and should be reevaluated specifically as it deals with modulatlOn of the signal, comact
and Induced current limits, and prolonged, or chronic exposure These specific conditions are
discussed in a little more detail elsewhere

If prolonged and chronic exposures are considered to be important, then there shoufd be a
recon~ideration of lhelime-averaging prac(jcc~ [hat are incorporated Into existing exposure
glJldelmes and ~Jsed prnnanfy to control exposure and energy deposition riltes in acute/subchronic
e.'<pasure SituatiOns.
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A recent change in the IEEE guidelines allows for 6 minute, rather than 1 second,

time-weighted-averaging for induced current limits This change increases the concern about the
lack of a peak limit for induced and contact currents Will the limits for localized exposure

address this issue, ie, for tissue along the current path?

'['he existing IEEE recommendation statt's that there \Vere insufficient data to establish measurable
criteria to prevent RF hazards caused by transient discharges If specific quantitative criteria are
still not available. can qualitative requirements be included in the standard to control this hazard

(e.g, metal objects will be sufficiently insulated and/or grounded, and/or persons will utilize
sufficient insulating protection, such as gloves. to prevent undesirable transient discharge)?

ISSJ[f, Limits for exposure at microwave frequencies

Concerns have been expressed over the relaxation of limits for continuous exposures at
microwave frequencies above 1500 MHz The rationale provided in the current guideline

(Section 68) references the fact that penetration depths at frequencies above 30 GHz are similar
to those at visible and near infrared wavelengths and that the liter<Jlure for skin burn thresholds for
optical radiation "is expected to be applicable" The rationale then implies that the MPE limits at
these high frequencies are consistent with the ?-.fPE limits specified in ANSI 2136 1-1986 for 300
GfIz exposures This is apparently the rationale for "ramping up" to lhe MPE limits for
conlinuou.~ exposure of 10 mW/cm 2 at frequencies above 3 GHz (controlled) or 15 GIl?
(uncontrolled) The rationale should be given as to \vhy this ramp function has been established at
relatively low microwave frequencies (i e , 1500 MHz and above), rather than being implemented
at higher frequencies thaI are tflJly quasi-optical For example. one option could be two ramp
functions, one beginning at 300 MHz, based on whole- or p<lrtial-body dosimetry considerations,
and another at higher frequencies (say 30-100 GHz) to enable consistency with the laser standard
Such a rc\is;on should help reduce concem that the standard is not restrictive enough for
continuous exposures at lower microwave frequencies where new wireless applications for
consumers could make this an issue in the future

Issue Rep!icatiQn!Valid at ion

Published peer-reviewed studies lhat have been Independently replicated/validated should be used
to establish the adverse effects level from \vhich exposure guideljnes are derived The definition
of "replicated/validated" should not be so restric!ive to disallow the use ofa set ofrepor1s that



r-i a yOU 00 1 0 : ;.> 0 A Ph Y sic a 1 1\CJ en t, s F. f fee t s f' 4 VJ

RJ·jA WG Issues, June 1999, page 7

arc scientifically valid but are not an ~2E!r,:,! replication/validation of specific experimental
procedures and results.

Peer-re\~ewed, published studies that may not be considered to be replicated/validated, but are
well done and show potentially important health impacts provide important information regarding
uncertainties in the data base used to set the adverse effect level (e g., incomplete data base)

lssuc Important Health Effects Literature Areas

Documentation should be provided that the literature review process included a comprehensive
review of t he following three areas

l) long-tenn, low-level exposure studies (because of their importance to environmental
and chronic occupational RfR exposure),

2) neurologicalJbehavioral effects (because of their importance in defining the adverse
effect level in existing RFR guidelines), and

)) micronucleus assay studies (because of their relevance to carcinogenesis)

Issue Compatibility QfRFR,~!1e~

Compatibility of national and international RFR guidelines remains a concern. It is important for
the IEEE Committee to address thjs issue by identifying and discussing similarities and differences
in a revised IEEE guideline and other RFR guidelines Compatibility/noncompatibility issues
could be disclJssed in the revised IEEE guideline or as a companion document distributed at the
time the revised IEEE guideline is released 10 the public



EXHIBIT B

February 11. 2001

Vennont House of Representatives
Conunittee on natural Resources
SUite House
Montpeleir, VT

and

Central VermoUl Regional Development Planning Commission
26 State Street
Montpelier VT

Dear Committee Members,

I am writing to express my opinion and concern on the possible health effects of
exposure to radiofrequency radiation from wireless transmitters (base stations).

The level (intensity) of radiation from a transmillers that one would be exposed to
is very low, mainly because of the distance from the transmitter. The level is generally
considered to be harmless. Most research in this area deals with radiation of much higher
levels. However, wme recent studies have suggested that exposure to similar in intensity
to those from cellular phone base station transmitters is not completely safe. The
following is a partial list of biological studies on low level effects.(within the levels of
exposure less than 200 ft from a transminer):

(1) Persson et aL (1997): Change in blood-brain-barrier at a specific absorption rate
(SAR) of 0.0004 Wlkg. The blood-brain-barrier protects the brain from exogenous
chemicals. [Blood Brain Barrier permeability in rat exposed to electromagnetic fields
used in wireless communication, Wireless Network 3:455~461, 1997)

(2) Velizarov ct a1. (1999): Change in cell proliferation (multiplication) at a SAR range
of 0.000021 - 0.0021 W/kg. [The effects of radiofrequency fields on cell proliferation are
non-themlal, Bioelectrochemisrry and Bioenerfetics 48: 177-180, 1999J

(3) Magmas & Xenos (1997): Decrease in reproductive functions at intensities of 160­
1053 nW/sq. ern. (RF radiation-induced changes in the prenatal development of mice.
Bioelecrmmagnetics 18:455-461, 1997]

(4) Ray & Behan (1990): Decrease eating and drinking behavior at a SAR of 0.0317
Wlkg [Physiological changes in rats after exposure to low levels of microwaves.
Radiatioo Research 123:199-202, 1990J

(5) Duna et al. (1989): Change in calcium effiux from cells at SAR of 0.05 - 0.005 W/kg.
Calcium is an important chemical that regulates cell functions. [Radiofrequency
radiation induced calcium ion efflux enhancement from human and other neuroblastoma
cells in culture, BiQdectrQmagnetics 10: 197-202, 1989)



(6) Phillips et aI. have observed DNA damage in human cells ex.posed to very low
intensity cellular telephone signals (0.0024 -0.024 W/kg, 2 -21 hr exposure). [DNA
damage in Molt-4 lymphoblastoid cells exposed to cellular telephone radiofrequency
fields in vitro. BioelectroehemistIY and Bioener~etics45:103-110,1998)

(7) De Pomerai et al. reponed molecular streSS responses in cells exposed at a SAR of
o.cxn W /kg. [Non-thermal heat shock response to microwaves, N~ture 405:417-418,
2000]

Furthennore, when considering the health effect of radiation from wireless
transmitters. one has to consider the effect of long term exposure. People who live close
to transmitters are constantly being exposed to the radianon for months or years. Even
though the level is low, it would matter if the effects of radiofrequency radiation tum out
to be cumulative (i.e., add up over time). Small doses cumulate over a long period of time
will eventually lead to hannful effects. Therefore, exposure of the general public to
radiofrequency radiation from v.ireless transmirrers should be limited to a minimal.

Sincerely.

~._-?~ ~

Henry Lai, Ph.D.
Research Professor
Deflanment of Biocnginuring, Box 357962
Umversity of Washington
Seattle, WA 98195
USA



Summary of EPA Budget and Staffing for RF Radiation Activities from FYI990-2000
(Extramural Dollars Only)

FY 90 91 92 93 94 95 96 97 98 99 00

FTE 2.3 2.2 2.1 2.1 2 2 0.5 0.5 0.5 0.5 0.5

$(K) $0 $40 $25 $543 3 $73 h $140C $0 $0 $25d $0 $0

tV
0'.

a

h

d

Includes grant funds ($510,000) under EPAINIEHS Interagency Agreement DW75935939.

Includes funds ($50,000) for Cooperative Agreement (CX823 714) with the National Council on
Radiation Protection and Measurements (NCRP).

Includes funds ($50,000) for Cooperative Agreement (CX823 714) with NCRP.

$25K completes total funding ($125,000) for Cooperative Agreement (CX823 714) with NCRP.
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EXHIBIT D
Comparing Standards for general public RF exposure levels
(900 and 1800 MHz are the two main existing UK mobile phone bands)

Prepared by Alasdair Philips, Technical Director, Powerwatch, June 2000

Power

p Wlcm2
Power

W:m2
Frequency

MHz
General Public Levels

Multiple signals should be added together, as the square root of the sum of squares of the individual signals.

Figures in bold in the table below are the main units given in the guidance.
'Near-field' levels next to a working mobile phone handset vary enormously depending on the antenna design
but can allen exceed the electriC field and power density levels set in the general exposure standards
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