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EXECUTIVE SUMMARY

FINAL SUPPLEMENTAL ENVIRONMENTAL ASSESSMENT (SEA)
OF THE EFFECTS OF ELECTROMAGNETIC RADIATION
FROM THE WSR-88D RADAR (FORMERLY NEXRAD)

The WSR-88D Program is currently being implemented by the Joint System Program Office
(JSPO) formed by the U.S. Departments of Commerce, Transportation, and Defense (DOC,
DOT, and DoD). The WSR-88D Program consists of the design, siting, construction, and
operation of 116 National Weather Service (NWS) radars in the continental United States; 14
Federal Aviation Administration (FAA) radars in Alaska, Hawaii, and the Caribbean; and 22
DoD radars in the continental United States.

In 1984, JSPO published a Programmatic Environmental Impact Statement (PEIS) analyzing
the potential environmental impacts of the system. The PEIS concluded that, “In general,
construction and operation of the NEXRAD [now WSR-88D] system will have no significant
adverse environmental impacts.” In particular, it found that

there is no reliable scientific evidence to suggest that, for the cases considered,
exposure to RFR [radiofrequency radiation] from the NEXRAD radar will be
deleterious to the health of even the most susceptible members of the
population such as the unborn, infirm, or aged.

Since 1984, additional scientific research on the biological effects of exposure to RFR has
been carried out. This Supplemental Environmental Assessment (SEA) focuses primarily on the
results reported for that research to determine whether the earlier PEIS conclusion remains valid.
In extending the earlier analysis, this SEA uses current radar performance specifications and field
measurements made at the WSR-88D Operational Support Facility to recalculate and verify the
strength of the electromagnetic field created by the radars during operation. The SEA also
addresses the potential biological effects from exposure to the electromagnetic field created by
power lines serving each radar. Finally, the document reexamines the potential for the creation of
hazards to humans through electromagnetic interference with cardiac pacemakers,
electroexplosive devices, and fueling operations.

Each WSR-88D unit will include a tower, ranging in height from 16.4 to 98.4 ft, topped by a
39-ft wide and 35-ft high radar dome; an equipment shelter; standby electrical generator; and a
perimeter fence. The radars will emit electromagnetic signals at an assigned frequency in the
range of 2700 to 3000 megahertz (MHz), a peak radiated power of 475 kilowatts (kW) or less,
and an average radiated power of 1 kW or less. Sites for WSR-88D units are being selected to
maximize the use of surplus or underutilized government property, reuse existing weather radar
sites, achieve optimum network coverage, minimize construction costs, and prevent or reduce
environmental impacts. The WSR-88D system will replace 43 existing WSR-57, 12 WSR-74S,
and 1 WSR-74C radars operated by NWS, which are antiquated and unreliable. WSR-88Ds will
be able to make velocity as well as reflectivity measurements; they will also have greater range



and resolution than the radars they replace because they use Doppler technology and improved
data processing techniques.

The electromagnetic environment at any particular location consists of all natural and human
contributions to electromagnetic fields arriving at that location. Naturally occurring nonionizing
radiation includes the earth's magnetic field and electric fields in the atmosphere (most prominent
during storms). Human sources include radio and television broadcast transmitters, radar and
communications systems, home appliances such as microwave ovens, and power distribution
lines. The U.S. Environmental Protection Agency (EPA) measured background levels of RFR (at
54 to 890 MHz, somewhat below the WSR-88D frequency band of 2700 to 3000 MHz) in 15
U.S. cities. It found that background RFR power density levels were generally below 0.000002
milliwatts per square centimeter (mW/cm?2),

The WSR-88D unit will emit a highly directed beam. During normal operation, the beam
will be radiated in a pulse lasting either 1.57 or 4.71 microseconds (is) and repeated up to 1,304
times per second as the radar antenna rotates through one 360° revolution every 15 to 75
seconds. At most locations, the WSR-88D unit will scan at elevation angles between +0.5° and
+19.5°. However, at some mountaintop locations, scan angles may be as low as -0.5°.

During normal operation, based on the scan pattern that will cause the greatest power
densities, WSR-88D units will generate a maximum average power density calculated at 0.6
mW/cm? at the surface of the radome. At 1000 ft from the radar at the antenna height, the
average power density will decrease to 0.006 mW/cm?2. At the lowest tower height, the average
power density at ground level of RFR emitted by the WSR-88D will not exceed 0.005 mW/cm?2.
These calculations have been verified by field measurements.

Infrequently, WSR-88Ds will be operated for 5 minutes in a searchlight mode, that is, with
the main beam aimed at a fixed point. This mode will be used only for maintenance and testing
purposes. Because the radar beam will be fixed, average power densities will be higher than
during normal operation. Within 800 ft of the antenna face, the power density averaged over 6
minutes will be 3.85 mW/cm2. Averaged over 30 minutes, the power density will be 0.77
mW/cm?2.

In 1991, the Standards Coordinating Committee (SCC) 28 of the Institute of Electrical and
Electronics Engineers (IEEE) adopted new guidelines for human exposure to RFR to replace the
American National Standards Institute (ANSI) 1982 guidelines in the WSR-88D frequency range
2.7-3.0 GHz; the new limits for controlled environments (e.g., occupational exposure) are 9 to
10 mW/cm?2, averaged over any 6-minute period. Thus, WSR-88D emissions will not exceed
those guidelines during either normal or searchlight-mode operation. The IEEE C95.1-1991
guidelines for exposure in uncontrolled environments (e.g., for the general population) to WSR-
88D-frequency RFR are 1.8 to 2.0 mW/cm2, averaged over any 30-minute period. During normal
operation, WSR-88D signals will not exceed that level. Similarly, the guidelines will not be
exceeded during searchlight-mode operation because operation in that mode will be restricted to
one 5-minute period during any 30 minutes.

The scientific literature on possible biological effects (bioeffects) of exposure to WSR-88D
RFR was carefully reviewed. Although RFR can heat molecules in the body and cause biological
changes, RFR at the power densities of WSR-88D signals adds heat at rates well below the
human body’s ability to dissipate heat. Therefore, exposure to WSR-88D signals will not cause



the effects associated with high heat absorption. Close examination of numerous epidemiologic
studies of human occupational or residential exposure to RFR yielded no convincing scientific
evidence that chronic exposure to RFR at levels within the 1982 ANSI exposure guidelines or the
IEEE (1991) revision is implicated in any detrimental human health effects. An even larger body
of studies with laboratory animals also supports that conclusion. Ocular damage can result from
excessive RFR exposure if the RFR levels cause tissue heating, which will not be the case for
WSR-88D RFR emissions. Exposure to RFR that causes tissue heating has been shown to cause
teratogenesis, developmental abnormalities, mutagenesis, effects on the immunological system,
and effects on the endocrine system; however, the power densities of WSR-88D RFR will be too
low to cause such heating and its associated effects. Early studies reported effects on the blood-
brain barrier, the brain and the heart without heating in excess of the tissue's ability to dissipate
heat. However, more recent studies with improved instrumentation and/or better controlled
experimental conditions reveal that those earlier results probably were obtained erroneously.
Subtle histochemical changes in the nervous system have been reported in animals at exposure
levels as low as 0.5 mW/cm?2, the so-called “nonthermal” levels of RFR. However, there is no
evidence that those changes are harmful. Thus, overall no scientifically valid evidence exists that
chronic exposure to WSR-88D RFR will adversely affect the health of humans.

Cumulative effects, thermal or otherwise, from simultaneous exposure to multiple sources of
RFR are not likely because measurements at WSR-88D sites have shown low background levels
of electromagnetic radiation.

WSR-88D units will receive 3-phase, 208Y/120-volt (V), 200-ampere (A) electric service
via overhead or underground power lines, similar to typical residential and commercial
distribution lines, connected to the local electric grid. Underground power lines will generate
negligible electric fields at ground level and magnetic fields at ground level that are comparable
to those from above-ground power lines. Overhead power lines will generate an electric field
level of about 1 volt per meter (V/m) and a magnetic field level of about 15 milligauss (mG) near
ground level. This electric field level is considered to be harmless. The magnetic field level is
similar to the upper value of levels measured in American homes and is far below 60 Hz
magnetic-field exposure guidelines published by the International Radiation Protection
Association (1000 mG for up to 24 hours per day for members of the general public). Several
epidemiologic studies have found an association between the incidence of certain forms of
cancer and the presence of nearby power lines. Other studies found an association between
certain forms of cancer and job titles suggestive of occupational exposure to magnetic fields. A
review of these studies indicates no conclusive evidence that magnetic fields per se are
associated with cancer. However, considerable research into this question is underway. Based on
current scientific evidence, no adverse health effects are expected from electric and magnetic
fields from the WSR-88D power lines. Thus, given also that, in the majority of cases, the WSR-
88D radar and its power lines will not be near businesses or residences, no adverse bioeffects are
expected.

Operating frequencies and sites for individual WSR-88D units are being selected to
minimize the potential for interference with other radars. The WSR-88D main beam could
detonate electroexplosive devices such as blasting caps within 900 ft of the unit, but that is
highly unlikely because the WSR-88D main beam will not strike the ground within that distance.
Cardiac pacemakers or fuel handling operations are not expected to be adversely affected.
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Therefore, the WSR-88D system will not cause significant adverse electromagnetic interference
or hazards to systems.

The SEA review of research since 1984 found no scientific evidence that exposure to WSR-
88D RFR will result in adverse biological impacts. Similarly, the review found that adverse
effects are not expected to result from exposure to WSR-88D power-line fields. Finally, as
concluded in 1984, no hazards will be created for operation of cardiac pacemakers, use of
electroexplosive devices, or fuel handling.

In overall conclusion, therefore, JSPO finds that implementation of the WSR-88D Program
will not cause significant adverse impacts on human health or hazards to electromagnetic
systems. The earlier conclusion of the PEIS that construction and operation of the WSR-88D
system would not cause significant adverse impacts on the human environment remains valid,
and a Finding of No Significant Environmental Impact (FONSI) is warranted.
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I INTRODUCTION

LA. WSR-88D PROGRAM

The WSR-88D Program is a joint effort by DOC, DOT, and DoD to improve the United
States’ electronic capabilities for detecting and tracking meteorological phenomena. The
agencies cooperating to implement the WSR-88D Program are the NWS in DOC, the FAA in
DOT, and the U.S. Air Force and Naval Oceanography Command (NOC) in DoD. The three
departments have formed JSPO to manage the implementation of the WSR-88D Program. JSPO
is responsible for:

* Development of engineering specifications for WSR-88D units

= Selection of sites for individual units

« Systern compliance with environmental regulations

» Engineering design for individual sites

* Procurement and installation of radar units

+ Testing of units to ensure proper operation.

The WSR-88D system will consist of 116 NWS, 22 DoD, and 14 FAA weather radars in the

continental United States, Alaska, Hawaii, and the Caribbean. The radar system will obtain
information about the location, intensity, and movement of severe weather phenomena —

tornadoes, thunderstorms, heavy precipitation, tropical cyclones, hail, high winds, and intense
turbulence — throughout the United States and portions of the Caribbean.

LB. ROLE OF THIS DOCUMENT

As a federal agency, JSPO is subject to the provisions of the National Environmental Policy
Act (NEPA). To fulfill NEPA requirements, JSPO prepared a PEIS in 1984 that analyzed
possible impacts to the human environment from implementation of the WSR-88D Program
(then known as the Next Generation Weather Radar [NEXRAD]). JSPO has also prepared
environmental assessments (EAs) that analyzed specific WSR-88D sites.

The 1984 PEIS examined the potential for human health effects 10 result from exposure to
NEXRAD electromagnetic radiation (EMR), among other issues. Since 1984, additional
scientific data on biological effects (bioeffects) from exposure to EMR have been generated. In
addition, the engineering specifications for the WSR-88D units have been defined and applied,
and electromagnetic measurements have been made at the WSR-88D Operational Support
Facility (OSF).

In principle, the new research on EMR bioeffects and changes in WSR-88D design could
change the conclusions of the PEIS. Therefore, in keeping with Chapter 2, Section 10 of the
National Oceanic and Atmospheric Administration (NOAA) Directives Manual and the Council
on Environmental Quality (CEQ) regulations implementing NEPA, JSPO is preparing this SEA,




which examines the potential for human health effects to result from implementation of the
WSR-88D Program. The SEA focuses on the latest scientific research on radiofrequency
radiation (RFR) and power-line field bioeffects.



-

I1 PURPOSE AND NEED FOR THE ACTION

The WSR-88D systern will be designed, constructed, and operated to achieve the following
objectives:
» Increase the average tornado waming time

* Improve the accuracy of descriptions about the location and severity of
thunderstorms and the ability to distinguish between severe and less-than-
severe storms

» Improve the detection of damaging winds and hail

» Improve the safety of aircraft operation by detecting and measuring the wind
shear and wurbulence associated with thunderstorms

» Provide improved rainfall estimates for use in flash flood wamings

« Reduce the size of warning areas to minimize unnecessary wamnings
* Substantially reduce the number of false hazardous weather wamings
* Minimize failure to detect hazardous weather due to radar outages

* Help weather forecasters by improving distribution and display of radar
information

* Detect hazardous weather conditions throughout the 50 states and at overseas
locations specified by WSR-88D operators

« Maintain annual operations and maintenance costs at the same level as that of
the radar systems to be replaced (excluding the cost for radars in areas not
currently covered).

The weather information collected and disseminated by the WSR-88D system will benefit
the aviation community and water resource managers. The safety and economy of air avel will
increase as a result of improved means for avoiding severe weather and better route planning and
flight control. The quality of weather advisories to pilots will improve. Advice about safe and
optimum routing around hazardous weather will be provided, reducing encounters with severe
weather.

The WSR-88D system will generate accurate rainfall estimates and storm path data, thereby
enabling River Forecast Centers to quantify storm runoff over a watershed and to adjust reservoir
levels in anticipation of increased runoff. Improved water management will benefit farmers
through more efficient irrigation and reduced soil erosion, utilities through more relatively
inexpensive hydroelectric power, and river commerce through better river stage forecasts. The
WSR-88D system will also significantly improve flash flood warnings by estimating rainfall
amounts more accurately, resulting in warnings that are expected to save 130 to 150 lives
annually and reduce property losses by 15 to 20%.



The existing basic weather radar network operated by NWS consists of 43 WSR-57, 12
WSR-74S, and 1 WSR-74C radars. Because of difficulties in obtaining spare parts, most, if not
all, of the existing radars are expected to be decommissioned when the WSR-88D system is fully
operational. However, some interest has been expressed in retaining a few of the existing radars
for research needs or to supplement the coverage of the WSR-88D system. The final number of
the radars to be retained, if any, is unknown.



III PROPOSED ACTION AND ALTERNATIVES

IOLA. THE WSR-88D PROGRAM

ILA.L Program Development Phases

The WSR-88D Program consists of the major development and acquisition phases shown in
Figure III.1. The system definition phase, which is now complete, resulted in the specification of
system design requirements. The phase concluded with proposals from industry for the
competitive validation phase, during which two contractors developed preproduction engineering
models for test and evaluation. On the basis of evaluation of those models, Unisys Corporation
was selected to build and install WSR-88D units. Initial test and evaluation have been completed
on the prototype unit — the Operational Suppon Facility (OSF) — at Norman, Oklahoma.

Currently, locations for installation of WSR-88D radars are being selected. Site selection
consists of three steps: (1) using readily available information, the suitability of one or more
candidate sites in a each area of interest is initially assessed; (2) sites judged to be satisfactory are
then visited to gather information; and (3) after analysis of that information, the most promising
candidate site is selected for each area and an in-depth survey is conducted at each selected site.

IILA.2, Environmental Review

The 1984 PEIS constitutes the foundation for the environmental process for the WSR-88D
Program. The basic facilities and equipment features of the proposed action were sufficiently
well known in 1984 to judge their potential environmental impacts in general terms. However,
because the actual sites for the radars had not been selected at that time, it was not possible to
assess whether the potential impacts would occur at specific sites and, if they did, whether they
would be significant. Therefore, the WSR-88D Program provides for preparing site-specific EAs.
For many locations, specific sites have been selected, and JSPO has issued site-specific EAs. A
site-specific EA is typically prepared after the in-depth site survey — the third step in the site
selection process - using additional information pertinent to the impact, or impacts, of concern
gathered during the survey. To date, no site-specific EISs have been found necessary.

ILB. THE WSR-88D SYSTEM

IILB.1. Overview

The WSR-88D system will consist of a network of WSR-88D units. Each WSR-88D unit is
arranged in accordance with user area and point coverage requirements and the location and
suitability of user facilides. Whenever feasible, units are being collocated with user facilities. For
example, WSR-88D sites are ofien collocated with other NWS operational facilities, such as
weather forecast offices (WFOs).
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Where the radar is remotely located, radar data will be relayed to the WFO or other data
receiver by T1 carrier systems, the standard means for high-speed digital data transmission used
by telephone companies in the United States. Dedicated microwave line-of-sight (MLOS)
systems, instead of T1, will transmit radar data from units at Los Angeles, California; Medford,
Oregon; Missoula, Montana; and Oklahoma City, Oklahoma.

ITLB.2, Description of the Network

Meeting radar coverage requirements is the primary consideration in selecting a radar site. In
general, the meteorological site selection criteria call for locating radars where climatological
records indicate that a significant threat of hazardous meteorological conditions occurs and
where the radars have a clear view in the directions from which the most damaging weather

typically approaches.

Existing weather radar sites are prime candidates. In most cases, they are at good locations
for tracking weather conditions; the sites are available for government use; and the needed
utilities, access, and compatible features exist. Generally, all existing user facilities and
installations, including weather radar installations, WFOs, airports, military bases, and other
government property in a given area are assessed and are given first consideration because of
their prospective availability. Notwithstanding the likely suitability of existing sites as a whole,
in studying specific areas, each site is scrutinized to determine its adequacy (e.g., availability of
space and power) and the degree to which it meets user requirements.

The WSR-88D system will consist of 116 NWS radars in the continental United States, 14
FAA radars in Alaska, Hawaii, and the Caribbean; and 22 DoD radars in the continental United
States, Table III.1 lists the general locations of the WSR-88D units, Figure I11.2 shows the
locations of NWS and DoD WSR-88D units. Figure I11.3 shows the locations of FAA offshore
WSR-88D units.

ILB.3. Description of the WSR-88D Unit

Like the radars that it is to replace, WSR-88D's transmitted signal consists of short pulses
formed into the shape of a slender pencil beam by the antenna, which scans through 360° in
azimuth by continuous rotation about a vertical axis. The pulses are separated by relatively long
silent intervals for listening. WSR-88D differs from the older weather radars in its larger antenna,
greater peak power, and shorter minimum time between pulses (roughly half as long). WSR-88D
will operate in a frequency range of 2700 to 3000 MHz. Figure IT1.4 shows a typical WSR-88D
unit,



NWS Locatlons (116)

Aberdeen SD
Albany NY
Albuquerque NM
Alpena M|
Amarillo TX

Atlanta GA

Austin/San Antonio TX
Baltimore/WDC
Billings MT
Binghamton NY

Birmingham AL
Bismark ND
Boise ID
Boston MA
Brownsville TX

Buffalo NY
Burlington VT
Cedar City UT
Central lllinois
Central PA

Charleston SC
Charleston WV
Cheyenne WY
Chicago IL
Cincinnati OH

Cleveland OH
Columbia SC
Corpus Christi TX
Dallas/Ft Worth TX
Denver CO

Table 1il.1
PLANNED WSR-88D UNITS

Des Moines |IA
Detroit Ml
Dodge City KS
Duluth MN
Elko NV

El Paso TX

Eureka CA
Fargo/Great Falls ND
Flagstaff AZ
Glasgow MT

Goodland KS
Grand Island NE
Grand Junction CO
Grand Rapids M|
Great Falls MT

Green Bay WI

Greer, SC
Houston/Galveston TX
Indianapolis IN
Jackson MS

Jacksonville FL
Kansas City MO

Key West FL
Knoxville/Tri-Cities TN
La Crosse Wi

Lake Charles LA
Las Vegas NV
Little Rock AR
Loring/Caribou ME
Los Angeles CA

FAA Off-Shore Locations (14)

Anchorage AK
Bethel AK
Fairbanks AK
Georgetown, BAH

Grand Turk, BWI
Kamuela HI
King Salmon AK

- Middleton Island AK

Louisville KY
Lubbock TX
Marquette Mi
Medford OR
Melbourne FL

Memphis TN

Miami FL
Midland/Odessa TX
Milwaukee WI
Minneapolis/St Paul MN

Missoula MT

Mobile AL

Morehead City NC

Nashville TN

New Orleans/Baton
Rouge LA

New York NY
Norfolk/Richmond VA
Norman OK

North Platte NE
Oklahoma City OK

Omaha NE
Paducah KY
Pendleton OR
Philadelphia PA
Phoenix AZ

Pittsburgh PA
Pocatello ID
Portland ME
Portland OR
Pueblo CO

Molokai HI
Nome AK
San Juan PR

-Sitka AK

Quad Cities IA/IL
Raleigh/Durham NC
Rapid City SD
Reno NV

Riverton WY

Roanoke VA
Sacramento Valley CA
Salt Lake City UT

San Angelo TX

San Diego CA

San Francisco Bay Area
CA

San Joaquin Valley CA

Seattle/Tacoma WA

Shreveport LA

Sioux Falls SD

Spokane WA
Springfield MO
St Louis MO
Tallahassee FL
Tampa Bay FL

Topeka KS
Tucson AZ
Tulsa OK
Wichita KS
Wilmington NC

Yuma AZ

South Hawaii HI
South Kauai HI




DoD Locations (22)

Beale AFB, CA
Cannon AFB, NM
Ceniral Texas, TX
Columbus AFB, MS
Dover AFB, DE

Dyess AFB, TX
Eastern Alabama, AL
Edwards AFB, CA
Fort Campbell, KY
Fort Rucker, AL

Source; JSPO

Table IlI.1 (Concluded)

Frederick, OK
Grifliss AFB, NY
Holloman AFB, NM
Keesler Training, MS
Laughlin AFB, TX

March AFB, CA
Minot AFB, ND
Moody AFB, GA
Northwest Florida, FL
Robins AFB, GA

Vance AFB, OK
Vandenburg AFB, CA
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FIGURE 1ll,3 Locations for FAA WSR-88D Units in Alaska. Hawaii. and the Caribbean
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The physical installation of a WSR-88D unit depends in large part on the site selected.
Figure I11.5 presents a conceptual site layout for a new site where the radar is not collocated with
a user facility. The site contains an antenna tower, an equipment building that houses the
transmitter and receiver, and utility lines. The tower, building, and adjacent equipment are
surrounded by a 7-ft-high chain-link security fence. The radar antenna is enclosed in a nearly
spherical radome about 35 ft in height mounted on a tower, which will range in height from 16.4
ft to 98.4 fi, depending on the surrounding terrain and nearby human obstructions. The location
of the tower establishes the layout for the remaining facilities. Figure III.6 shows a schematic
drawing of a typical collocated WSR-88D unit and a 5000-square-foot (fi2) NWS WFO.

The peak power radiated by the radar will be 475 kW. The duration of each pulse will be
cither 1.57 or 4.71 microseconds (js); depending on the pulse duration, pulses can be repeated at
any rate berween 318 and 1304 pulses per second (pps). The combination will be chosen so that
the average radiated power will be about 1 kW, Section V.A provides more information about
radar operation and the radiated beam.

HLC. ALTERNATIVES TO THE WSR-88D PROGRAM

The 1984 PEIS examined five alternatives to the WSR-88D system: continuation of the
existing system, a new non-Doppler system, a new coherent non-Doppler system, a mixed
system of new Doppler and non-Doppler radars, and satellite systems. No action and
postponement of the action were also considered. That analysis determined that the WSR-88D
system was preferable because none of the alternatives provided the advantages of an all-Doppler
system (PEIS Section 2.4). There is no new information that would alter that conclusion.

13
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IV AFFECTED ENVIRONMENT

IV.A. INTRODUCTION

The major focus of this SEA is the potential effects that could result from exposure of
biological organisms to RFR, whether created by WSR-88D radars, microwave line-of-sight
(MLOS) communications systems, or power lines supplying electricity to the radars. However,
hazards to humans can also result from RFR cffects on electrical and other systems. Section V.E
analyzes the potential for WSR-88D RFR 10 interfere with normal operation of radios and
televisions, other radars, electroexplosive devices (EEDs), fuel handling, and cardiac
pacemakers. As background for Section V, this section presents information about the origins of
the electromagnetic environment, the electromagnetic spectrum and its use, measurements of
ambient electromagnetic conditions, and nonionizing vs. ionizing radiation.

IV.B. THE ELECTROMAGNETIC ENVIRONMENT

The electromagnetic environment consists of electric fields (E-fields) created by electric
charges and of magnetic fields (H-fields) created by moving electric charges. The
electromagnetic environment at a particular location and time consists of all the electromagnetic
fields that are arriving there from numerous sources — both human and natural. Some of these
fields are used for communication or for radiolocation (radar). The electromagnetic spectrum in
an area is a continuously usable, renewable resource whose dimensions consist of amplitude,
time, frequency, and space. In areas large enough to permit sufficient geographic separation of
users, the spectrum will accommodate numerous users on the same frequency simultaneously. In
smaller areas, the spectrum will accommodate a large number of simultaneous users only if they
are sufficiently separated in frequency. A high-power signal can mask a low-power signal on the
same frequency.

The electromagnertic environment at any single point can change almost instantaneously and,
at a given instant, it will not be the same at two points a few feet distant from one another.
Therefore, it is generally convenient to deal with averages over time and space. When sufficient
incentive exists, certain features of the electromagnetic environment can be measured and
documented. However, because of the high cost of doing so, attempts are seldom if ever made to
define the electromagnetic environment simultaneously over wide frequency ranges, large
geographic areas, and long periods. Most attempts at defining the spectrum are thus of limited
scope and seck only to provide answers to particular questions such as, “Is the radio noise at this
location low enough to successfully operate a sensitive receiving system?” or “Are the land-
mobile radio bands in Chicago too crowded to accept additional users?” Some measurements
have been made in the Los Angeles area of the portion of the electromagnetic spectrum that will
be most affected by the WSR-88D radar. The measurements showed that in certain areas par of
the spectrum is crowded with other radar signals.

Some of the human contributions to the electromagnetic environment in the vicinity of
potential WSR-88D radar sites are intentional, but others are accidental and incidental to some
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other activity. Radio (and radar) signals are intentional human contributions. The
electromagnetic environment in any area consists in part of signals from broadcast radio and TV
stations, from local or transient amateur and .i.citizens band (CB;) operators, from air navigation
aids, from passing aircraft, from satellites that provide cable TV programming, and so on.
Because some signals can be reflected back to the earth at great distances by high-altitude
ionospheric layers, part of the electromagnetic environment in any area consists of transmissions
propagated by sky wave from stations thousands of miles away. Signals from the WSR-88D
radar and others that use the same part of the spectrum do not propagate by sky wave and
generally do not propagate very far beyond the horizon.

The unintentional human contributions to the electromagnetic environment include noise
radiated by power lines, fluorescent lights, household lighting dimmer switches, household
appliance motors, computers, hand-held calculators, and so on. A major contributor is the
automobile ignition system, which radiates a pulse of energy over all the communication bands
with each spark-plug firing. Although such electromagnetic noise is a major feature of some
parts of the spectrum, it is not a concern in the WSR-88D portion of the spectrum.

Nature contributes noise to the electromagnetic environment, and it can do so in a marked
fashion. Lightning strokes in distant storms — in Africa and South America, for example — act as
powerful transmitters and cover a wide frequency band. Their “signals” propagate by sky wave
to regions far away, causing “static” in radios in the United States. This noise is a major,
intermittent feature in the electromagnetic spectrum used by standard AM broadcast stations and
by HF international broadcast stations. In the electromagnetic spectrum that WSR-88D will use,
radio noise from the sun and from the stars (galactic noise) is, in the absence of signals from
other radars, the predominant feature.

Humans are generally incapable of sensing the electromagnetic environment or changes in
it. However, radio (and radar) receivers are designed for that purpose: They extract small
amounts of energy from specific portions of the spectrum that they then amplify and convert to a
signal meaningful to the receiver’s operator. This signal might be a picture on a TV channel,
music on a local FM broadcast station, a long-distance telephone conversation, an air navigation
signal, or a radar signal reflected from an airplane or a heavy rainstorm.

To use the electromagnetic environment for communication, radiolocation, or
radionavigation, signal power must usually exceed the noise at the receiving location. (Some
systems’ complex processing schemes permit use of signals weaker than the noise.) Unless signal
power exceeds the sum of natural noise, man-made noise, the receiver’s own background noise,
and other interfering signals in the receiver’s bandwidth, it is usually impossible to extract the
desired signal. In WSR-88D’s portion of the spectrum, natural and human contributions to
electromagnetic noise will be less significant than the radar receiver’s internal noise or signals
from other radars. Thus, signals from other radars are a main concern.

IV.C. ELECTROMAGNETIC SPECTRUM

Electromagnetic fields are classified by the frequency, or number of cycles per second
(hertz, Hz); frequency is inversely related to wavelength. The electromagnetic spectrum ranges
from the extremely low frequency (ELF) band to the band containing gamma and cosmic rays, at
frequencies greater than 10!° Hz, as shown in Figure IV.1.
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The WSR-88D radars will operate at frequencies between 2700 and 3000 MHz. Therefore,
the band that is relevant to WSR-88D is the radiofrequency (RF) band between 3000 Hz and 300
gigahertz (GHz). The wave length of clectromagnetic radiation at a frequency of 3000 MHz is
about 4 in. In contrast, visible light at a frequency of 400,000,000 MHz, has a wavelength of
0.00003 in. MLOS units will operate at around 1800 MHz, which is also in the RF band.
Equivalent terms sometimes used to describe RFR include radiofrequency electromagnetic
(RFEM) fields, microwave radiation, and microwave fields.

WSR-88D radars will operate between 2700 and 2900 MHz when operationally feasible. In
the United States, the 2700 to 2900 MHz band is allocated for the exclusive use of federal radars;
air traffic control and weather radars are the band’s primary users, and military radars are its
secondary users. The band between 2900 and 3100 MHz is also allocated for use by radars.
Government and nongovernment maritime radionavigation is the primary use, and military
radionavigation is the secondary use. WSR-88D will use the lower half of the 2900 to 3100 MHz
band when a frequency assignment in the 2700 to 2900 MHz band is not feasible. The upper half
of that band — 3000 to 3100 MHz — is used by shipboard radars. The band below the WSR-88D
band, from 2690 to 2700 MHz, is allocated for radioastronomy; to keep it free from interference,
no U.S. radars are authorized to operate in that band.

The power lines supplying electricity to the WSR-88D units will operate at 60 Hz, which is
in the ELF band. The wavelength of 60-Hz electromagnetic fields is about 3,100 miles.

IV.D. BACKGROUND CONDITIONS

EPA measured the intensities of RFR at 486 sites in 15 cities to estimate the population
exposed to various power densities. The field strengths measured at each site were integrated
over the frequency bands between 54 and 890 MHz and converted into equivalent power density
(power density is the amount of energy intercepting a given area). The average equivalent power
densities ranged from 0.000002 to 0.000020 mW/cm?2 (or 2 nanowatts/cm? [nW/cm?]). EPA also
measured RFR levels near FM radio and television transmitter towers and found that values
averaged less than 0.01 mW/cm?2; the highest measured value was 1 to 7 mW/cm2 (EPA, 1986).

The E-fields in the center of rooms of typical American homes, as measured by the World
Health Organization (WHO), range from 0.8 to 13.0 V/m. H-fields may be fairly intense near
certain appliances but decrease rapidly with distance away from the appliances. For instance, the
H-field at 3 cm from a television set is up to 500 mG, which decreases to 2 mG at 1 m. At a
distance of 1m from major appliances, residential magnetic fields vary between 0.1 and 8 mG
(EPRI, 1991).

IV.E. TONIZING VS. NONIONIZING RADIATION

EMR with frequencies greater than about 1015 Hz have enough intrinsic energy to ionize
(eject an electron from) molecules. EMR at lower frequencies, including the WSR-88D signal
and power-line fields, cannot ionize molecules. Thus, the lower frequency EMR is called
“nonionizing radiation.” The examination of effects in this document is limited to nonionizing
radiation.

Because of its relatively low frequency, nonionizing radiation has intrinsic energies far too
low to ionize molecules within a body, but it can agitate molecules — the equivalent of adding
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heat to the body. Absorption of RFR within a body as heat is usually not significant unless the
rate at which heat is added is comparable to or higher than the body's metabolic rate. In high
ambient temperatures and humidity, however, under which the body is close to the limits of its
thermoregulatory system, absorption of considerably lower levels of RFR may cause thermal
stress. Because molecular agitation ends shortly after RFR exposure ceases, the heat induced by
successive low-level RFR exposures at short intervals is not cumulative.

By contrast, ionizing radiation has frequencies millions and trillions of times higher than
those of RFR. The ejection of an electron from a molecule leaves the molecule positively
charged, thereby greatly altering its own properties and enhancing its interactions with its
neighboring molecules. The public is exposed in varying degrees to naturally occurring forms of
ionizing radiation, including ultraviolet light from the sun, radioactive materials in the earth
(including those released from mining and burning of coal and the release of radon gas), and
gamma and cosmic rays from outer space. X-ray machines for various purposes (diagnosis,
dentistry) and ulraviolet lamps for sun-tanning are two other artificial sources of ionizing
radiation.
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V ENVIRONMENTAL CONSEQUENCES

V.A. INTRODUCTION

V.A.l. Scope

The WSR-88D unit will ermnit an electromagnetic signal at a frequency of 2700 to 3000 MHz
in the radiofrequency band. In this section, we first calculate the power density of the signal and
the decrease in power density with distance from the WSR-88D unit. (Appendix A describes the
methodology used to calculate the intensity of the RFR.) Next, to assess the significance of
possible human exposure to WSR-88D RFR, we summarize the findings of a review of the
scientific literature on RFR bioeffects (Appendix B contains the review) and compare WSR-88D
RFR levels to established standards for human exposure.

The power lines supplying electricity to the WSR-88D units will generate electromagnetic
fields at a frequency of 60 Hz. Therefore, we calculate the strength of the electric and magnetic
components of those fields. To assess the significance of possible human exposure to those
fields, we then summarize the findings of the scientific literature on power-line field bioeffects
and compare WSR-88D power-line field strengths 10 applicable existing standards. Because the
WSR-88D power lines will not generate a focused, directed beam as the WSR-88D antenna will,
the power-line field strength will diminish rapidly with distance and the potential for hazards to
systems will be negligible.

This section closes with an analysis of the potential for indirect effects on human safety
resulting from interference with other devices, including radios and televisions, radars, EEDs,
fuel-handling activities, and cardiac pacemakers.

V.A.2, Assessment of Scientific Information and Risk

It is frequently asked whether guarantees can be given that no deleterious effects to people
will result many years in the future from chronic exposure to low levels of RFR. In general,
scientists believe that, if an experiment conducted many times indicates no effects, repeating it
still more times will most likely show no effects as well. However, they have no way of fully
guaranteeing that conclusion. To be completely sure about the absence of an effect of any agent
would require that experiments be performed an infinite number of times on numerous biological
systems and endpoints, with each experiment producing findings that indicate no deleterious
effects. This is clearly an impossible task.

Instead, subject to practical considerations, experiments are conducted one or more times
with specific numbers of subjects and stated conditions or assumptions regarding the agent(s)
being investigated. Conclusions about the experimental findings are based on the use of
appropriate statistical treatments of the data. The findings, including those indicative of no
effects (negative results) related to the agent(s) studied, are usually given in probabilistic terms
(confidence levels) because the data may contain varying degrees of uncerainty related to the
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accuracy of the instrumentation used and/or uncontrolled variations in the populations and/or
levels of the agents investigated.

The experimental evidence for any specific RFR bioeffect is derived primarily from the use
of laboratory animals as surrogates for humans — a practice widely used in seeking or assessing
possible effects of other agents. Thus, most projections about possible effects of RFR on humans
are based on findings for species whose anatomies and functional characteristics differ
significantly from those of humans; in addition, the RFR and exposure durations in the
investigations may have differed considerably from those of any specific system (¢.g., WSR-
88D).

In conducting such experiments, animals must be housed, fed, and watered. Inappropriate
cage materials or cage configurations can cause problems, including experimental artifacts that
render findings questionable. Moreover, in evaluating reported results, it is also important to
distinguish between effects and hazards. For example, if a laboratory animal is exposed to a
strange noise of low or moderate intensity, several functional changes may occur in the hormonal
secretions in its blood, in its sympathetic and parasympathetic nervous system, and in its
behavioral orientation and alerting responses. If the noise stops or if the animal becomes
acclimated to it, these effects may disappear. Exposure to noise, for example, has caused effects,
but these are “normal” and fully reversible. If the noise is quite loud, on the other hand, the
effects may include pathological changes, which have significant health implications.

Some investigations of human exposure to RFR have been made, either with volunteers or in
the form of epidemiologic studies. For ethical reasons, very few of the former have been
conducted. On the other hand, epidemiologic studies elucidate the distribution of death or disease
— often for large human populations — and describe the probable factors that influence the
distribution. However, for RFR as a possible cause of health effects, the values of the exposure
parameters (especially the intensity levels and durations) vary widely with time for each
individual and are highly variable from person to person. Moreover, in the absence of reliable
information about exposure, those included in the “exposed” group are often selected by their
occupation, a dubious method; it is also difficult to find a suitable control group that matches an
exposed group in all important aspects except RFR exposure. Nevertheless, positive results of
well-designed and conducted epidemiologic studies can point to the need for more specific
research.

For other agents, possible effects at very low levels are predicted by extrapolating findings
at higher levels on the basis of assumptions about the mathematical relationship between the
level (or dose) of the agent and the degree of the effect. The existence or nonexistence of
thresholds for deleterious effects of various agents has been debated at length. As a practical
scientific matter, thresholds do exist for at least some substances, given that low concentrations
of many natural substances are essential to maintain life, but are toxic at higher concentrations.

For RFR, such predictions by extrapolation from high to low levels are open to challenge.
Many studies have yielded results showing that low-level exposures to RFR are not cumulative.
In effect, the RFR energy that is continually absorbed at low incident power densities is readily
dissipated and does not accumulate in the body. Those findings indicate that specific threshold
levels must be exceeded to cause various RFR bioeffects. In a few studies, repetitive exposures
within about 1 hour of one another at levels just below the thresholds for simple-exposure effects
were reported to be cumulative, but those levels were relatively high. By contrast, certain
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chemicals ingested in small quantities over time can accumulate in the body and become
potentally harmful total doses.

V.B. WSR-88D RADAR AND ANTENNA CHARACTERISTICS

V.B.1. Introduction

A radar operates by transmitting a pulse of electromagnetic energy and then waiting to
receive energy reflected back to it from some object (target) illuminated by the pulse. The radar
interprets the interval between the transmission and the return as a measure of the distance from
the radar to the target. To perform their basic functions, radars operate in very small units of
time. The conventional unit is the microsecond (ls), or one-millionth of a second.

Most radar systems are designed and operated to detect objects such as ships, airplanes, or
missiles. In contrast, the purpose of the WSR-88D system is to detect weather features such as
rain or hail and storms such as hurricanes and tornadoes. This purpose has strongly influenced
the design of the receiver’s signal-processing components, but has had little effect on the
transmitter design or on the antenna that radiates the transmitted pulses and receives echoes.

It is highly advantageous for a radar to concentrate its transmitted energy in {and to limit its
receiving capability to) a relatively narrow beam. A narrow beam permits greater accuracy in
regard to the direction in which the energy is sent and from which it returns; a narrow beam
conserves available energy by concentrating most of it into a single direction; and a narrow beam
permits reception of weaker return signals from a particular direction by discriminating against
electromagnetic noise or extrancous, interfering signals that may arrive from other directions
than can be achieved with wider beams.

Radar has long used parabolic reflectors, or dishes, to form beams in the same manner that
the silvered reflector of an automobile headlight forms a beam from the light generated by the
lamp’s filament. To move the beam, the radar dish and the radiating element are typically rotated
at a specified rate to sweep the beam past a given azimuth (radial direction) every few seconds to
tens of seconds. Rotation about a second axis permits scanning at various angles of elevation.

V.B.2. Formation of the WSR-88D Beam

Power produced by a klystron amplifier wbe is delivered by waveguide to a tapered feed
horn, which is located at the focal point of the circular parabolic reflector. The power radiates
from the feed hom, reflects from the parabolic surface, and passes out through the radome (radar
dome) to form the beam. The radome is a nearly spherical, mostly plastic enclosure that protects
the antenna and associated parts from dirt, wind, and weather, while providing unimpeded
passage for the radar's signal.

WSR-88D’s primary function is to detect weather conditions at distances up to almost 300
miles. To perform this function, the radar must radiate a strong, well-focused beam of
elecromagnetic energy and must provide a corresponding sophistication in receiving echoes that
are returned. For WSR-B8D these considerations have resulted in the design of a large antenna
and concentration of most of the power in the main beam.

Figure V.1 illustrates the beam-forming process. Near the antenna face, the energy moves
forward in an almost circular column of roughly constant diameter. At a greater distance, the
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energy expands as a cone, with its apex at the center of the antenna face. A slender conical beam
of this kind is commonly referred to as a “pencil beam.” The intersection of the cone and
cylinder occurs at about 640 ft from the antenna. A more detailed description of the beam is
provided in the following sections.

The reflector forms the power radiated from the feed horn into a main beam with associated
sidelobes, as indicated in the upper right-hand sketch in Figure V.1. The nulls of the main beam
are separated by about 2.5°; the points at which the power density falls to half its maximum
values are separated by no more than 1.0°. The sidelobes result from the inability of the reflector
to concentrate all the energy into the main beam. The locations and relative intensities of the first
few sidelobes are well known; their intensities are never greater than 0.32% [-25 decibels (dB)]
that of the main beam. The large number of higher order (and very minor) sidelobes are
distributed at various, almost random, angles. They have power densities no greater than 0.04%
(-34 dB) that of the main beam and generally are smaller than 0.01% (—40 dB) that of the main
beam.

To perform the surveillance function, the beam formed by the antenna scans continuously.
Both the WSR-88D hardware and the software that controls it are flexible, and a wide range of
scanning programs is possible. In all cases, the antenna will rotate continuously around the
vertical axis as the elevation of the beam is held constant. Usually, the elevation of the beam will
be changed at the end of each revolution.

WSR-88D can operate in any of several scanning modes. For our analysis we used scan
pattern 31 because it leads to maximum possible values of time-averaged power densities at and
near ground level. In scan pattern 31, the antenna rotates at a constant rate of 0.8 revolutions per
minute (rpm) and makes 2 complete rotations at successive elevation angles of 0.5°, 1.5°, and
2.5°. It then makes one revolution each at elevation angles of 3.5° and 4.5° before repeating the
entire cycle. Each cycle therefore includes 8 revolutions and lasts 10 minutes.

Another scan mode has a revisit time of 5 minutes, so that some locations could be struck by
a total of 4 revolutions at a beam elevation of 0.5° in a 6-minute averaging period. However, the
rotation speed in this mode is 3.1 rpm, so that the resulting average exposure is less than in
pattern 31.

The WSR-88D antenna system is designed to prevent the transmitted beam from being
directed below a minimum elevation angle of —1° or above a maximum elevation angle of 60°.
At each site, the limit switches that control the minimum elevation angle will be set in
accordance with the local terrain. Generally, the lower limit of the elevation angle will be set at
0.5°. In a few mountain-top locations, the lower limit may be -0.5°. System operators will
routinely choose this limit so that the full strength of the main beam never strikes the ground,;
otherwise, operation would produce strong clutter signals that would greatly interfere with the
desired observations.
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V.B.3. Pulse Shape, Duration, and Repetition Frequency

Many radar systems use the simple trapezoidal pulse shape shown in Figure V.2. By
contrast, WSR-88D will use the more complicated waveform (also shown in Figure V.2) in
which all the corners are deliberately rounded. The use of a shaped pulse narrows the frequency
band occupied by the radar signal, thereby reducing the potential for interference with other
systems that use the 2700- to 3000-MHz band. Of course, the waveforms of actual radars only
approximate the idealized shapes shown in Figure V.2.

The pulse duration, T, indicated in Figure V.2 will be either 1.57 or 4.71 pus. The choice will
depend on the range and nature of the weather feature that is of principal interest to system users
at any given time.

The number of pulses transmitted per second is called the pulse repetition frequency (PRF).
The value of PRF will be chosen in the range of 318 to 1304 pps. Long pulses will be associated
with low values of PRF so that the average radiated power level will never exceed 1.0 kW.

The WSR-88D system is designed to operate at any fixed frequency in the 2700- to 3000-
MHz range. The frequency used at a given site will be chosen on the basis of frequencies used by
other radars (including other WSR-88D units) within about 150 miles of the site. Near major
seaports, the frequency range of 2900 to 3000 MHz will be avoided to minimize the risk of
mutual interference with marine radars that use this frequency range.

Table V.1 lists relevant WSR-88D characteristics. The WSR-88D system is often called a
Doppler radar because it takes advantage of the Doppler principle to discriminate between
moving targets — such as raindrops — and fixed objects. A moving target changes the frequency
of the returned signal, and this frequency change is used in the Doppler processing unit of the
WSR-88D receiver.

V.B.4. WSR-88D RFR Power Densities

The power density of the WSR-88D beam varies considerably between the near-field and
the far-field regions. The near field is the area where the beam diameter is less than or equal to
the diameter of the radiating antenna as shown in Figure V.1. In the near field, the power density
varies about a mean value. In the far field, the beam diameter exceeds the antenna diameter and
power density decreases as the inverse of distance away from the antenna. The distance at which
the transmission from the near field to the far field occurs is not a precise distance, but a broad
zone. It can be calculated either geometrically or mathematically. The geometrical approach
yields a distance of 640 ft as shown in Figure V.1. The mathematical approach, explained in
detail in Appendix A, yields a relatively similar distance of 800 ft.

The power density of the WSR-88D beam can be represented by either maximum pulse
power — the maximum power level of a 1.57 to 4.71 ps pulse — or as the power averaged over a
time period, usually minutes.
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Table V.1
CHARACTERISTICS OF THE WSR-88D RADAR

System Characteristics Value

Frequency (MHz) 2700-3000
Wavelength? (ft)/(cm) 0.345/10.5
Maximum transmitter puise power (kW) 750
Maximum pulse power radiated (kW)€ 475
Maximum duty cycle (%)d 0.21
Maximum average radiated power (kW) 1.0
Antenna diameter (ft)/(cm) 28/853
Antenna gain compared to nondirectional

antenna {ratio)/(dB)® 35,500/45.5
Beam width at half power density (degrees) 1.0
First sidelobe relative power density — maximum (ratio)/(dB) 0.0032/-25
Other sidelobes maximum power density — relative

to main beam (ratio)/(dB) 0.0004/-34
Azimuth scan rate, maximum (rpm) 5
Minimum elevation angle of beam (degrees)f -1
Maximum elevation angle of beam (degrees)9 +60

Source: JSPO.

aAt the midband frequency, 2850 MHz.

bConsistent with other sections of this document, the root-mean-square (RMS) value of the
maximum value of the pulse is used when present.

CIn typical systems, transmission line losses of 3 dB reduce the radiated power by a factor of
2 to 375 kW. The higher value 475 kW, corresponding to a 2-dB loss, is used to be
conservative.

dThe duty cycle is the percentage of time when the antenna is actually transmitting a signal.

@A gain of 45 dB is required by the system specitication. The higher value, 45.5 dB, is used
to obtain conservative estimates of RFR safety.

tin normal scanning, the beam elevation will not be less than +0.5°.
9In normal scanning, the beam elevation will not exceed +19.5°.
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The maximum pulse power density of the WSR-88D beam in the near field is 2200
mW/cm2, In the far field, maximum pulse power density decreases rapidly with distance from
the antenna. Maximum pulse power density decreases to 100 mW/cm? at 3800 ft from the
antenna and to 10 mW/cm? at 12,000 ft from the antenna.

The Institute of Electrical and Electronic Engineers (IEEE) Standards Coordinating
Committee SCC (C95.1-1991 guidelines for exposure to RFR use averaging periods of 6 and 30
minutes. Therefore, we present power density for the WSR-88D beam averaged over 6- and 30-
minute periods. Figure V.3 shows the power density of the WSR-88D beam during normal
operation in scan pattern 31, averaged over 6 minutes. In the main beam at 20 ft from the
antenna — the distance of the protective radome — the average power density is 0.6 mW/cm?; at
800 ft from the antenna, the near-field/far-field transition distance, the average power density is
0.008 mW/cm?; at 1 mile, the power density is 0.0002 mW/cm?2. At ground level adjacent to the
radar tower (for a tower height of 49.2 ft), the average power density is 0.001 mW/cmZ; at 800 ft
from the antenna 0.0005 mW/cm?; and at | mile, 0.00005 mW/cm?2,

A searchlight mode will be used infrequently for maintenance and testing purposes only.
During searchlight-mode operation, the WSR-88D beam will be directed at a fixed location for
up to 5 minutes at a time. Because the beam will be stationary, average power densities will be
higher than during normal operation. Averaged over a 6-minute period, the maximum power
density will be 3.85 mW/cm?. Averaged over a 30-minute period, the maximum power density
will be 0.77 mW/cm?. If multiple 5-minute periods of searchlight-mode operation were
conducted during a 30-minute interval, the IEEE (1991) guideline for uncontrolled environments
could be exceeded. To prevent violation of the guideline, each time the searchlight mode is to be
used, safety measures will be followed to make significant impacts very unlikely.

The validity of the methodology used to calculate WSR-88D RFR intensities was tested by
comparing calculated RFR levels to RFR levels measured at the OSF in Norman, Oklahoma. The
calculated values were somewhat greater than the measured values, which was expected because
the calculated values are a worst-case analysis. Thus, the methodology used here to calculate
RFR intensities accurately estimates worst-case RFR levels.

V.B.5. Comparison of WSR-57 and WSR-88D RFR

The WSR-57 radars that will be replaced by WSR-88D radars at some locations have a
radiated pulse power similar to that of the WSR-88D unit. Because the duty cycle (percentage of
time during which the radar transmits a signal) is much less than for the WSR-88D units, the
WSR-57 has an average radiated power of (.33 kW, about one-third that of the WSR-88D. The
frequencies of the WSR-88D and WSR-57 signals are identical.

The maximum pulse power density of the WSR-57 signal is a constant 12,100 mW/cm? in
the near-field (within 150 ft of the radar). In contrast, the WSR-88D unit, with a larger antenna,
spreads its power over a larger area, resulting in a lower maximum pulse power in the near field.
The maximum near-field pulse power density of WSR-88D units is 2200 mW/cm?2.

Table V.2 compares the average power density of WSR-57 and WSR-88D RFR at various
distances within 1 mile of the radar. In the near field, the average power density of the WSR-88D
is lower, while that of the WSR-57 is lower in the far field.
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Table V.2

COMPARISON OF AVERAGE
POWER DENSITY OF WSR-57 and WSR-88D RFR

Distance from Antenna Average Power Denslity

(ft) (mWicm?)
WSR-57 WSH-88D

10-20 (surface radome) 1.28 0.60

150 0.085 0.07

800 0.003 0.009

2000 0.0005 0.0015

5280 0.00007 0.0002

Source: SRl International

The WSR-57 can be operated in searchlight-mode operation indefinitely. At 150 ft from the
antenna, the average power density during searchlight mode operation is 8.0 mW/cm?2. At 800 ft
from the antenna the WSR-57 RFR average power density during searchlight mode decreases to
0.28 mW/cm?. In contrast, in the searchlight mode, the power density of WSR-88D RFR in the
main beam, averaged over 6 minutes, will be 3.85 mW/cm? within 800 ft of the antenna.

V.C. HUMAN HEALTH EFFECTS OF RFR

V.C.1. Introduction

This section summarizes our analysis, contained in Appendix B, of the potential bioeffects
of RFR and their relationship to human health. Our analysis is based on a review of papers
selected from the many thousands of accounts published in scientific journals through about mid-
1991. Appendix B also relies in part on Critique of the Literature on Bioeffects of
Radiofrequency Radiation: A Comprehensive Review Pertinent to Air Force Operations
(Heynick, 1987), that SRI International prepared for the U.S. Air Force. That document assessed
more than 500 detailed reviews and analyses of research projects. Almost all of the papers
selected for analysis had been published in scientific reviews, typically after peer review. Other
general reviews of the literature on RFR bioeffects published from time to time were also
investigated, among them an EPA repont (Elder and Cahill, 1984), that was intended to serve as
the primary reference for development of U.S. guidelines for general public exposure to RFR,
but that was never promulgated. The conclusions in this SEA regarding possible effects of
exposure of people to RFR were reached independently.

This section also compares WSR-88D RFR levels to exposure standards adopted or
considered by a variety of entities, including professional organizations,
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V.C.2. Summary of Current Knowledge About RFR Bioeffects

Most of the evidence for biological effects of RFR is derived from results of experiments in
which various mammals (including human volunteers) and nonmammals (e.g., birds, insects,
bacteria, other microorganisms) were exposed to RFR and specific biological effects were
sought. Also studied were tissues such as excised organs and neurons, blood, single cells,
cultures of cells, and subcellular components kept alive artificially (i.c., in vitro). Evidence is
also derived from epidemiologic and occupational studies, but such results are indirect or
inferential because the RFR-exposure levels and their durations are usually not known with any
degree of accuracy.

This summary is organized around a set of RFR-bioeffects topics:
» Epidemiologic/occupational studies
« Congenital anomalies
» Ocular effects
» Auditory effects
e Shock and burn
« Mutagenesis, cytogenetic effects, and carcinogenesis
» Teratogenesis
« Nervous system effects
» Immunological and hematological effects
» Physiological and biochemical effects
e Behavior

¢ Cellular and subcellular effects.

vV.C2.1 Epidemiologic/Occupational Studies

Taken collectively, the epidemiologic studies reviewed yielded no reliable evidence that
chronic exposure to RFR at levels within the U.S. exposure guidelines is hazardous.

Several of the epidemiologic studies found no evidence of detrimental effects associated
with exposure to RFR. The studies by Robinette and Silverman (1977) on the deaths of Navy
veterans falls in this category. It involved examination of the records of sizable “exposed” and
control populations, but the findings are open to question because the members in each group
were selected on the basis of military occupation titles. The Lilienfeld et al. (1978) search for
possible effects of irradiation of Moscow Embassy personnel and dependents also yielded
negative results.

~ Several other studies were flawed for various reasons, such as by the use of population

samples that were too small, use of mailed self-administered questionnaires to acquire the data,
inappropriate statistical treatment of the data, or incorrect assembly of data bases. Studies
included in this category are those by Hamburger et al. (1983), Lester and Moore (1982a,b),
Milham (1983, 1988), and Burr and Hoiberg (1988). The findings of such flawed studies,
whether positive or negative, cannot be regarded as strong evidence.
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V.C2.2 Congenital Anomalies

Studies on congenital anomalies or perinatal infant deaths have not yielded scientifically
valid evidence that such effects are caused by chronic exposure to RFR at levels below the U.S.

Sigler et al. (1965) obtained results suggestive of an association between the occurrence of
Down's syndrome in children whose fathers were exposed to radar during military service.
However, the study by Cohen et al. (1977) with a larger data base yielded negative findings,
thereby superseding the earlier study. Similarly, the negative findings of a study by Burdeshaw
and Schaffer (1977) on the incidence of birth defects in children born to mothers that live near
military bases superseded the findings of two studies by Peacock et al. (1971, 1973).

The study of Killén et al. (1982) of infants born to physiotherapists, who were assumed to
have been occupationally exposed to various agents such as chemicals, drugs, X-rays, and RFR,
revealed fewer dead or malformed infants than in the general population. The data base for the
cohort part of the study was large, thereby yielding statistically credible negative findings.
However, the use of a questionnaire in the case-control part of the study renders questionable the
finding of a weak association of malformed or perinatally dead infants with the use of shortwave

equipment.
Y.E213 Ocular Effects

The comea and lens of the eye are vulnerable to RFR at high levels because of their surface
location and because any heat produced by the RFR is more effectively removed from other
regions of the eye. Indeed, there are several documented early cases of inadvenient exposure o
RFR at levels high enough to cause cataracts, and safety measures to avoid such exposure have
been defined.

Taken collectively, neither animal studies nor epidemiologic studies on eye damage from
RFR yield scientific evidence that prolonged exposure to low-level RFR is likely to cause eye
damage to humans.

v.C.2.3.1 Animals

With the possible exception of the Kues et al. (1985) study, all animal experiments indicate
that ocular damage from RFR exposure is a gross thermal effect. Especially noteworthy are the
findings of Guy and coworkers that exposure to RFR at levels that yield a temperature rise within
the eye of about 5°C or more are necessary for thermal eye damage and that no damage occurs
from such RFR levels if the eye is cooled during exposure. Guy et al. (1975a) reported an
average-power-density threshold for eye damage of roughly 150 mW/cm? for exposure durations
of 100 minutes (or longer). A lower threshold (80 mW/cm?) was found earlier by Carpenter et al.
(1960), but errors in the power-density measurements were subsequently discovered.

Kues et al. (1985) reported increases in the numbers of comeal lesions observed by specular
microscopy in the eyes of exposed monkeys. The adequacy of the exposure technique used and
the use of the same monkeys in more than one aspect of the study have been questioned, as has
the apparent reversibility of the corneal effect, even though the primate corneal endothelium is
not known to repair itself through cell division. Resolution of such points awaits further studies
or replication in other laboratories.
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The results of Stewart-DeHaan et al. (1985) on exposure of lenses to pulsed RFR also are
evidence for the thermal basis of RFR eye damage. Noteworthy is a similar study by Creighton et
al. (1987) with continuous-wave (CW) as well as pulsed RFR because the pulsed RFR yielded
almost 5 times greater depth of lens damage than the CW RFR under corresponding exposure
conditions.

vV.C.2.3.2 Humans

The findings of Cleary et al. (1965) were negative: of 2,644 veterans classified by military
occupation specialties as radar workers, only 19 had cataracts, whereas 21 of the 1,956 nonradar
veterans had cataracts. Because the populations of the two groups were adequate in size, the
findings were negative, independent of how accurately the veterans were classified. By contrast,
the findings of Cleary and Pasternack (1966) were unclear, in part because physiological aging of
the lenses had occurred in both the exposed and the control groups and the two groups were not
well matched in age distribution. In addition, in grading lens changes, the use of an arbitrary,
subjective scale that did not represent reductions in visual acuity is questionable.

Three ophthalmologic studies of Army personnel by Appleton and coworkers on possible
ocular damage from exposure to RFR yielded negative findings. However, the authors used a
binary (yes or no) scale to score lens damage, and they did not treat their data statistically. The
examination by Hollows and Douglas (1984) of the lenses of radiolinemen showed some
statistically significant differences in eye changes between their exposed and control groups, but
the presence of non-RFR factors could not be ruled out. Nor was evidence given that such
changes affected visual acuity.

On rare occasions, accidental exposure to relatively high RFR levels occurs. Hocking et al.
(1988) reported on such as exposure of nine radio linemen to RFR. In subsequent ophthalmic
examinations, various eye abnormalities were seen in the “low-exposure” as well as the “high-
exposure” groups, but vision was not affected in any of the subjects.

V.C24 Auditory Effects

Humans near some types of pulsed radar transmitters have perceived single pulses or pulse
trains of RFR as audible clicks (without the use of electronic receptors). Considerable
experimental evidence supports the conclusion that an RFR pulse can produce a transient thermal
gradient in the head large enough to generate a transient elastic wave at a boundary between
regions of dissimilar dielectric properties and that this wave is transmitted by bone conduction to
the middle ear, where it is perceived as a click. Persons with impaired hearing are unable to hear
such clicks, and animals with nonfunctioning inner ears do not exhibit RFR-pulse-induced
evoked responses in the brainstem. Thus, the preponderance of experimental results indicates that
perception of RFR pulses as sound results from induction of thermoelastic waves in the head,
rather than by direct brain stimulation by the RFR.

Frey and coworkers (e.g., 1961, 1962, 1967, 1968, 1973) were first to study the auditory
effect in the U.S., but their hypothesis that the effect was due to direct brain stimulation by the
RFR pulses was disproved by later studies. Among the latter were White (1963), who
demonstrated that thermoelastic acoustic waves can be generated in various media by RFR.
Foster and Finch (1974) confirmed White's findings in water, and proved that such acoustic
waves are not generated in water at 4°C, where its thermal expansion coefficient is zero. Olsen
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and Hammer (1981) and Olsen and Lin (1981) investigated RFR-pulse transduction in models of
the head and obtained results that suppor the thermoelastic theory.

Taylor and Ashleman (1974) demonstrated that the effect does not occur in cats whose inner
ears are nonfunctional. Guy et al. (1975b) confirmed the latter results, as did Chou and Galambos
(1979). Guy et al. (1975b) also studied the hearing effect in two volunteers and found that their
respective threshold peak energy densities for pulse perception were 40 and 135 microjoules/cm?
per pulse irrespective of the pulse durations used. Cain and Rissman (1978), using 3.0-GHz
pulsed RFR, determined peak-power-density thresholds in volunteers for various pulse durations.
Tyazhelov et al. (1979), in studying the qualities of apparent sounds perceived by humans from
exposure to 800-MHz pulsed RFR, showed that pulse perception as sound could be modulated by
concurrent reception of acoustic tones.

Y.C.25 RFR Shock and Burn

People can experience electric shock or tissue burns when in the vicinity of transmitters that
emit RFR at frequencies below about 100 MHz, and the IEEE (1991) guidelines includes
maximum exposure limits for avoidance of such effects. Such effects are not of concern with
regard to the WSR-88D because its operating frequencies are much higher than 100 MHz.

V.C.26 Mutagenesis, Cytogenetic Effects, and Carcinogenesis

Mutagenesis and carcinogenesis are considered to be related, and many chemicals are
screened for potential cancer-causing properties by testing whether they produce mutations in
specific bacteria. RFR-induced mutagenic effects have also been sought in various plants and
animals. Relatively few studies have been conducted to determine whether RFR per se (e.g., 3
GHz) induces or promotes cancer. On the other hand, a growing number of epidemiologic studies
have reported a statistical association of cancer promotion with exposure to power line fields
(60 Hz). However, most of these studies are subject to methodological and interpretative
criticisms (Merritt and Jauchem, 1991). Despite this they cannot be totally dismissed.

Collectively, the scientific literature does not provide scientifically credible evidence that
exposure of either mammalian or nonmammalian subjects to low levels of RFR produces
mutations or cytogenetic effects, or that such RFR induces or promotes any form of cancer in
mammals or cultures of mammalian cells. Thus, there is no experimental evidence from those
studies that exposure to the RFR from WSR-88D will cause such effects in the general
population.

V.C.2.6.1 Microorganisms and Fruit Flies

Blackman et al. (1976) found no significant differences in genetic activity in E. coli cultures
exposed to RFR. Dutta et al. (1979) obtained similar results with Sa/monella cultures. Anderstam
et al. (1983) selected 27.12 MHz and 2.45 GHz to determine whether such RFR is mutagenic for
E. coli or Salmonella bacteria and observed both increases and decreases in mutant counts
relative to controls; however, most differences were nonsignificant.

A study by Pay et al. (1972) involving exposure of male fruit flies showed no significant
differences between exposed and control groups in mean generation times or brood sizes.
Hamnerius et al. (1979) exposed fruit fly embryos and found only 4 mutations in 7,512 RFR-
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exposed males (0.05%) and 2 mutations in 3,344 control males (0.06%), a nonsignificant
difference.

v.C.2.6.2 Mammals and Mammalian Tissues

A study by Skidmore and Baum (1974) seeking biological effects of EMP yielded negative
findings: exposure of five pregnant rats in an EMP simulator during gestation produced no gross
abnormalities in the fetuses. Almost continuous exposure of 20 female rats to EMP for 38 weeks
produced no mammary tumors at age 1 year. Histologic examination of the 42 survivors of the
50 male mice exposed for 33 weeks showed that 9 (21%) were leukemic whereas 11 of the 24
survivors (46%) of the 50 control mice were leukemic. However, the sample sizes were too
small to ascribe any validity to that difference in percentages. It is not clear why about half of
the control mice had died, a possible indication that uncontrolled non-RFR factors were present.
The authors, on mating EMP-exposed males with virgin females, also found no significant
differences in the numbers of progeny and no anatomical abnormalities in newborns.

A study by Varma and Traboulay (1976) showed that exposure of male rodents to RFR
levels that produce frank heating of the testes tend to reduce fertility, but that such levels were
not mutagenic. Experiments on male fertility in rats by Berman et al. (1980) yielded no evidence
of an increase of dominant lethal mutations from RFR at power densities up to 28 mW/cm?2.

McRee et al. (1981) found no statistically significant effects of RFR exposure of mice on the
induction of sister chromatid exchanges, a sensitive technique for assaying genetic damage from
mutagens and carcinogens, or on the rate of proliferation of bone-marrow cells.

A study by Meltz et al. (1990) on exposure of leukemic mouse cell cultures to pulsed RFR,
either alone or in combination with the chemical mutagen proflavin, yielded negative findings:
The RFR in combination with proflavin produced no statistically significant increase in induced
mutant frequency relative to the results for treatment with proflavin alone. In addition, RFR
exposure alone yielded no evidence of mutagenic action.

v.C.2.6.3 Cancer Induction and Promotion in Animals

In a study by Prausnitz and Susskind (1962) in which 200 mice were exposed to 9.3-GHz
pulsed RFR at 100 mW/cm?2, the authors indicated occurrence of leukemia (a mistaken
description) in both the exposed and control mice, but in more of the exposed than the control
mice. Roberts and Michaelson (1983), in a subsequent reanalysis of the primary data, concluded
that the Prausnitz and Susskind (1962) study provided no evidence that chronic RFR exposure
does or does not induce cancer.

As previously mentioned, Skidmore and Baum (1974) found that continuous exposure to
EMP did not lead to the development of mammary tumors and that exposure of a strain of mice
prone to spontaneous leukemia to electromagnetic pulse (EMP) did not promote leukemia.

Szmigielski et al. (1982) studied whether exposure of mice of a strain known to have high
spontancous incidence of breast tumors would alter the incidence of such tumors. Four groups of
mice were purposely confined during RFR exposure to stress them, and one group each was
sham exposed (i.e., conditions mimicking RFR exposure without actual RFR), raised under
chronic confinement stress without exposure to RFR, and maintained as cage controls. The mean
times for tumor development for the groups exposed at 5 mW/cm?2 and for those stressed by
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confinement were comparable, and were between the mean times for the groups exposed at 15
mW/cm? and the cage controls — a positive finding. However, because confinement stress alone
was found to increase tumor incidence, it seems likely that the added heat stress from the higher
RFR level was responsible for the increases in tumor incidence and not any carcinogenic
properties of RFR per se.

Szmigielski et al. (1982) also similarly investigated whether the incidence of skin cancer in
mice is increased by RFR exposure. Again, the RFR-induced increases in skin-cancer incidence
were probably due to the heat stress at the higher RFR level rather than from any intrinsic
properties of the RFR.

In a comprehensive study by the University of Washington on health and longevity, 100 rats
were exposed to 2.45 GHz RFR at 0.5 mW/cm? for virtually their entire lifetimes (except those
withdrawn for interim tests and those that expired before the end of the exposure regimen), and
100 rats were concurrently sham exposed. The findings on immunology and hematology are
summarized in Section 2.9. Regarding longevity and cancer, the authors concluded that “no
defendable trends in altered longevity, cause of death, or spontaneous aging lesions and
neoplasia can be identified in the rats exposed to this long-term low-level radiofrequency
exposure” (Guy et al. 1985).

A study by Santini et al. (1988) on the possible development of melanoma or survival times
in black mice from RFR exposure yielded no significant differences in either tumor development
or survival among the exposed, sham-exposed, and control groups.

Balcer-Kubiczek and Harrison (1991) exposed cultures of mouse-embryo-fibroblast cells to
RFR alone or to RFR before or after exposure to X-rays. After such treatments, they incubated
the cultures with or without a known tumor promotor (TPA) and assayed them for incidence of
neoplastic transformations.

The results for RFR alone showed no evidence of tumor promotion. However, the mean
neoplastic transformation incidence was higher for the RFR-exposed cultures incubated with
TPA; the authors regarded these results as indicating that RFR acts synergistically in a dose-
dependent manner with TPA to promote neoplastic transformation. Little credence can be given
to the latter results because of the small numbers of foci per dish and the fact that the counting
was apparently not done without prior knowledge of the treatment of each dish,

V.C.2.7 Teratogenesis

Teratogenesis refers to the causation of anatomical aberrations in a developing fetus, but
more generally also includes fetal death and/or resorption and postnatal abnormalities in
offspring. Such effects occur naturally at low rates in most mammals, and relatively little is
known about their causes. In a few cases, however, specific agents have been shown to cause
significant effects, and hence the possibility that such effects could occur from exposure to RFR
is an appropriate matier of public concern. The term is usually applied to mammalian fetuses and
infants, but effects on nonmammalian subjects have also been sought.

Taken collectively, the studies reviewed indicate that teratogenic effects can occur in both
nonmammalian and mammalian subjects as a result of RFR exposure, but only at levels that
produce significant temperature rises. The results for mammals show that increases in maternal
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body temperature that exceed specific thresholds (41.5°C in rats) are necessary to cause
teratogenic effects.

V.C.2.8 Nervous System

Concern has been expressed that direct (nonthermal) interactions of RFR with the central
nervous system (CNS) could produce deleterious physiologic effects. It has been postulated that
such effects may be manifested as alterations in behavior, passage of foreign agents from the
blood vessels in the brain into the surrounding tissue by opening of the blood-brain barner
(BBB), changes in the histopathology and histochemistry of the nervous system and of the
electroencephalogram (EEG), and changes in the efflux of calcium from brain tissue.

V.C.2.8.1 Blood-Brain Barrier Effects

In most organs and tissues of the body, molecules in the blood can freely diffuse into the
tissues around capillaries. However, to protect the brain from invasion by various blood-borne
microorganisms and toxic substances, the BBB in most regions of the brain allows little or no
movement of large fat-insoluble molecules from the blood into the surrounding brain tissues. The
BBB can be “opened” by certain agents (such as ionizing radiation or excessive heat) or by
chemical substances (e.g., dimethyl sulfoxide). Studies have been conducted to determine if RFR
can alter the permeability of the BBB in animals to substances of large molecular weight. The
preponderance of negative scientific experimental findings indicates that exposure to pulsed or
CW REFR at low levels would not alter the human BBB.

Early studies by Frey et al. (1975) and Oscar and Hawkins (1977) can be disregarded
because of evidence of artifacts in the methods used in the experiments. Moreover, Merritt et al.
(1978) and Ward and Ali (1985) were unable to reproduce those findings, and Preston et al.
(1979) showed that certain specific RFR-induced changes in the brain could be interpreted
wrongly as BBB alterations. Preston and Préfontaine (1980) and Gruenau et al. (1982) obtained
negative findings regarding RFR-induced alterations of the BBB. Four comprehensive studies by
Williams et al. (1984a, b, c, d) in which several different tracers and methods were used for
detecting BBB penetration also yielded negative findings. Neilly and Lin (1986) showed that
disruption of the rat BBB at high RFR levels is due to elevation of brain temperature. In addition,
they found that high ethanol doses inhibit BBB disruption by moderating the increases in brain
temperature produced by the RFR.

Many findings about the effects of RFR on the blood-brain barrier must be discounted
because of the presence of significant artifacts due to the biological method used or to
interpretation of RFR-induced changes in the relative sizes of vascular and extravascular
volumes in the brain as alterations of the BBB. Results of recent studies, in which artifacts were
substantially reduced and perhaps rendered negligible, indicate that RFR can affect the BBB only
at hyperthermic levels.
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V.C2.82 Histopathology and Histochemistry

Although histochemical changes in the CNS have been seen at relatively low SARs®, their
significance with regard to possible human health hazards is not clear, and questions about those
studies remain open. However, overall, considering the other experimental results in which the
effects were ascribable to increases in brain temperature, it is unlikely that the RFR at WSR-88D
levels would cause histopathological or histochemical changes in the human central nervous
system.

Albert et al. (1981) had reported lower mean counts of Purkinje cells in 40-day pups RFR-
exposed for 5 days in wrero to 2.45-GHz RFR at 10 mW/cm? relative to counts for sham-exposed
pups. These results are open to question because of the large variations in SAR (0.8 to 6 W/kg, 2
W/kg estimated mean) due to movement of the dams during exposure. In addition, rat pups
exposed to the RFR and euthanized 40 days later did not show such differences, and litle
credence can be given to their results for rat pups euthanized immediately after exposure because
of Purkinje cell immarurity in neonates — a point previously mentioned by the authors. Moreover,
in a similar study they conducted using squirrel monkeys that had been previously exposed
perinatally elsewhere, they found no significant differences between RFR-exposed and sham-
exposed monkeys in Purkinje cell counts.

Merritt and Frazer (1975) obtained negative findings in mean brain concenrrations of various
neurotransmitters and their metabolites assayed in mice exposed to predominantly electric or
magnetic fields at 19 MHz. However, the authors noted that at 19 MHz, a mouse absorbs very
little energy from either field.

Sanders and coworkers (1985) observed increases in NADH fluorescence and reductions of
ATP and CP concentrations in the rat brain by RFR at levels characterized as not producing
measurable brain hyperthermia. Although some points are open to question, those positive
findings appear to be valid and are worthy of further study. The experiments were performed on
anesthetized rats, with consequent lowering of brain temperatures. Whether similar results would
occur in the absence of anesthesia has not been determined. It is noteworthy that the effects were
higher at 591 MHz than at 200 MHz and that they were not observed at 2.45 GHz; these findings
are suggestive of dependence on RFR frequency.

A study by Lai et al. (1988) with 2.45-GHz CW and pulsed RFR at whole-body SARs of
about 0.6 W/kg on choline uptake in various regions of the rat brain yielded both positive and
negative results. However, results for the two kinds of exposure chamber and between pulsed and
CW RFR were apparently inconsistent.

In summary, histochemical changes in the CNS were seen at relatively low SARs by
Sanders and coworkers (1985) and Lai et al. (1988), but their significance with regard to possible
human health hazards is not clear and needs further investigation. Taken collectively with other
experimental results in which the effects observed were ascribed to local increases in brain
temperature, it seems unlikely that exposure to RFR levels that do not increase local brain
temperatures would cause deleterious histopathologic or histochemical effects in the human
central nervous system.

* Specific absorption rate. In the RFR-biceffects literatre, the energy absorbed by a body from an incident
electromagnetic field is usually quantified by the SAR. See Section V.C4.1.
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v.C2.83 Electroencephalogram (EEG) and Evoked-Response Changes

Various studies have been undertaken to ascertain the effects of RFR on the EEG or on the
responses evoked by visnal or auditory stimuli. Experiments in which specially devised
electrodes were used or in which electrodes were applied after exposure, yielded no evidence of
significant differences in EEGs or in evoked responses between control and RFR-exposed
animals. Thus, there is no evidence that the EEG or evoked responses of people will be affected
by low-level RFR.

As demonstrated by Johnson and Guy (1972), the use of indwelling metallic electrodes,
wires, or screws in the apparatus for measuring and recording EEGs is likely to induce artifactual
effects in the animals under study as well as in the recordings themselves. The findings of early
studies can be discounted because of such use. On the other hand, EEG measurements taken after
completion of RFR exposure may be less definitive because of interpretation problems stemming
from the time consumed in attaching the electrodes and the variability in their placement.
Moreover, any transient effects that may occur during RFR exposure would disappear when
exposure ceases. These points are applicable to the negative findings of Kaplan et al. (1982).

In several studies, such as those by Tyazhelov et al. (1977) and Chou and Guy (1979a),
effort was made to minimize artifact occurrence by design of electrodes and leads from materials
having high resistivities comparable to those for tissue. When such electrodes were implanted
before exposure and were present during exposure, no significant differences in EEGs or evoked
responses between control and RFR-exposed animals were obtained, as exemplified by the study
of Chou et al. (1982).

Until relatively recently, studies directed toward the possible effects of RFR on EEGs and
evoked responses suffered from artifacts introduced by the use of metallic electrodes during
exposure that perturbed or were perturbed by the RFR. That problem was greatly ameliorated by
the development of nonperturbing tissue-compatible electrodes, permitting measurements of
EEGs and evoked responses during RFR exposure of unanesthetized animals. When such
electrodes were used, the differences between responses of RFR- and sham-exposed animals
were nonsignificant.

V.C.2.84 Calcium Efflux

Various studies have reported that exposure of samples of brain tissue from newly hatched
chickens to 147-MHz or 450-MHz RFR at levels in the range 1-2 mW/cm? that were amplitude-
modulated at low frequencies increases the rate of exchange of calcium ions between the tissue
and the fluid bathing it (the “calcium-efflux effect”). The maximum effect was seen for
modulation at 16 Hz, and no effect was seen for unmodulated 147-MHz or 450-MHz RFR.

Other researchers have been unable to confirm the existence of the phenomenon. Several of
the recent studies that report positive findings suggest that magnetic fields, primarily at power
line frequencies [as well as the earth’s direct current (dc) field], contribute significantly to the
effect. However, there is no experimental evidence that the effect, if it does exist, could be
harmful to humans or intact animals.
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vV.C29 Immunology and Hematology

Many reports indicate that RFR has specific effects on the immune systems of mammals.
Most reported effects were detected after exposure at power densities of about 10 mW/cm?2 and
higher; a few effects have been found from exposure 10 levels as low as about 0.5 mW/cm?. In
most of the studies, the mechanisms for the effects were not investigated, and many of the results
were not consistent with one another.

Much early work investigating possible effects of RFR on white blood cells exposed in vitro
suffered from inadequate control of cell temperature during exposure. In later studies in which
effective control over culture temperature was exercised, nonsignificant differences were
obtained with exposed cultures held at the same temperature as control cultures. In studies where
the culture temperature was clevated by RFR, the effects were clearly of thermal origin.

In early studies of RFR exposure of red blood cells in vitro, hemoglobin and potassium-ion
losses were found for rabbit red blood cells exposed at average power densities as low as
1 mW/cm?2. In subsequent studies, the hemoglobin and potassium-ion losses resulting from
heating with RFR did not differ significantly from such losses obtained with conventional
heating.

Swudies seeking immunological effects of exposing animals to RFR in vive yielded mixed
results. Some investigators found that RFR exposure of mammals increased the proliferation of
white blood cells or the production of antibodies (relative to controls), but with few exceptions
the measured or estimated SARs were well in excess of 1 W/kg. More subtle effects on
mammalian immune sysiems were sought in more recent studies, making use of significant
advances in assay methods and with antention to possible effects of non-RFR stress. Some of
those investigations were directed toward the effects of RFR on the activity of natural killer (NK)
cells; their results again showed that SARs much higher than 1 W/kg were necessary for effect.

More directly relevant to possible RFR effects on the human immune system would be
studies in which animals are chronically exposed to RFR (preferably over virtually their entire
lifetimes) to determine whether such exposure adversely affects their health, longevity, and
resistance to natural disease or experimental challenge with various microorganisms or toxins
therefrom. Some studies indicated that animals exposed to RFR for relatively short periods can
withstand bacterial infection better than sham-exposed animals. However, few studies involving
chronic RFR exposure have been carried out or repeated by other laboratories.

Probably the most comprehensive chronic RFR exposure investigation to date was a
University of Washington study in which the authors exposed 100 rats to 2.45-GHz RFR at 0.5
mW/cm? and concurrently sham-exposed 100 other rats for essentially their full lifetimes (except
those withdrawn for interim tests and those that expired before the end of the exposure regimen).
Tests of 10 each RFR- and sham-exposed rats withdrawn after 13 months of treatment showed
counts of splenic T- and B-lymphocytes that were significantly higher for the RFR than the sham
group, an effect ascribed to stimulation of the lymphoid system by the RFR. However, this effect
was absent in similar tests on completion of treatment, with the absence ascribed to
immunosenescence. Longevity of the rats was not affected by the RFR at corresponding times
during the exposure regimen.

No primary malignancies were found at 13 months (in rats younger than 1 year). Probably
the most controversial finding of the entire study, however, was that among rats older than 1
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year, primary malignant lesions (of various kinds) were found in a total of 18 of the RFR-
exposed rats but in only 5 of the sham-exposed rats. The authors gave several cogent arguments
to discount the biological significance of this finding. Little credence can be given to this point
because of the nonsignificant differences for each malignancy type and because combining those
nonsignificant differences to attain statistical significance is an oncologically dubious procedure.
Also, the results of the study showed no significant differences between RFR and sham groups in
the incidence of benign tumors, a point of importance if the initiation process is assumed to be
similar for both benign and malignant tumors. The authors stated “the findings here of excessive
malignancies in the exposed animals is provocative; however, when this single finding is
considered in light of other parameters evaluated, it is questionable if the statistical difference
reflects a true biological activity”.

v.C.2.10 Physiology and Biochemistry

V.C.2.10.1 Metabolism and Thermoregulation

The literature on physiological and biochemical effects associated with exposure to RFR is
extensive. The thermal basis for various effects of RFR on the autonomic thermoregulatory
systems of mammals and on their behavioral thermoregulatory responses to RFR is evident.
Especially noteworthy are the results for primates because of their far greater similarities to
humans than the other animals studied.

V.C2.10.2 Endocrinology

Exposure of mammals to RFR has yielded rather inconsistent effects on the endocrine
system. In general, effects are apparently related either to the heat load associated with RFR or to
the stress induced by RFR, and possibly to other circumstances. Most of the studies of possible
effects of RFR on endocrine systems were conducted on rodents. Studies that reported positive
findings also yielded indications that the effects were largely due to increases in the thermal
burdens of the animals. In many studies, observed alterations in endocrine function may have
been significantly influenced by stresses in the animals. For this reason, the results of studies that
reduced stress by acclimating animals to handling and the experimental situation are notable.

Although some effects of RFR exposure on the endocrine system appear to be
straightforward and predictable from physiological considerations, other, more subtle effects may
be worthy of additional study (e.g., those related to the interactions among the pituitary, adrenal,
thyroid, and hypothalamus glands, and/or their secretions). Part of the problem in interpreting
such results appears to be related to the uncertainties about stress mechanisms and various
accommodations to such mechanisms. Animals placed in novel situations are much more prone
to exhibit stress responses than those adapted to experimental situations.

Because the effects of RFR on the endocrine systems of animals are largely ascribable to
increased thermal burdens, to stresses engendered by the experimental situation, or to both, there
is no clear evidence that such effects would occur in humans exposed to RFR at levels which do
not produce significant increases in body temperature.



V.C2.103 Cardiovascular Effects

Few investigations have been carried out on possible effects of RFR on the human heart.
However, various studies have been performed in vitro on hearts (or parts thereof) excised from
animals, and others have been conducted on animal hearts in vivo.

The positive findings reported in early studies (bradycardia, tachycardia, or both) were
suspect because of the use of attached or indwelling electrodes that probably introduced artifacts.
Various kinds of electrodes were investigated, and special types were developed that were not
perturbed by RFR or did not perturb the local RFR fields. Swdies involving the use of such
electrodes showed that heart rates were altered only at RFR levels that produced rises in
temperature or otherwise added thermal burdens to the animal.

Also investigated was the possibility that pulsed RFR at repetition rates synchronous with
various periodic characteristics of the EKG could alter heart rate. The authors of an early study
reported induction of tachycardia in isolated frog hearts by RFR pulses in synchrony with the
EKG, but other researchers could not confirm this finding in either isolated hearts or live
animals.

Several researchers showed that CW RFR levels well in excess of 1 mW/cm? were
necessary for significant alterations of heart rate. Slight bradycardia was seen in equilibrated
conscious rats exposed to RFR at those levels, a finding ascribed to a compensating reduction in
metabolic rate. The results of another study indicated that functioning of hearts damaged from
other causes is not affected by exposure to CW RFR at 10 mW/cm? or lower.

V.C.2.11 Behavior

V.C.2,11.1  Behavior, Reflex Activity, Learning, and Task Performance

Numerous studies have been conducted of the possible effects of RFR exposure on various
kinds of animal behavior. Many of the studies on avoidance behavior by animals indicate that
RFR could be 2 noxious or unpleasant stimulus. There is much evidence, however, that changes
in behavioral patterns induced by RFR are responses by animals’ thermoregulatory systems,
either to minimize absorption of heat in normal or warm ambient environments (including high
levels of humidity) or to obtain warmth in relatively cold environments. Thus, other than
possible auditory perception of RFR pulses, animals do not appear to sense RFR directly.

The results of studies on disruption of performance or learned behavior by RFR were
variable; however, most of the findings showed that the behavioral changes were ascribable to
the added thermal burden imposed by the RFR.

The behavioral findings of primate studies are more relevant than those with the other
animal species with regard to possible effects of RFR on human behavior because the tasks the
primates had to learn were far more complex and because their physiologies and intelligence are
much closer to those of humans. In addition, reasonably accurate thresholds for RFR-induced
behavioral changes were determined for each primate species studied, and those thresholds
served as a basis for the [EEE (1991) human-exposure guidelines.
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V.C2.112 Drugs

Studies on the possible synergy between RFR and psychoactive drugs such as diazepam,
chlorpromazine, chlordiazepoxide, and dextroamphetamine yiclded unclear or inconsistent
results. In some studies, the changes in drug dose-response relationship were subtle and not
necessarily induced by the RFR. In most of the studies that yielded RFR-induced changes in drug
response, average power densities of 1 mW/cm? or higher coupled with relatively high drug
dosages were necessary. The results were negative (no effects) in still other studies. Noteworthy
were the negative findings of synergistic effects between alcohol consumption and exposure to
RFR, except at very high doses of alcohol.

In general, it seems unlikely that the effects of psychoactive drugs prescribed by physicians
or the effects of recreationally consumed alcohol would be altered by exposure to environmental
levels of RFR.

vV.C2.12 Cellular and Subcellular Effects

Various studies of cellular and subcellular effects of RFR have been discussed above under
other specific topics such as the BBB, immunology, and hematology. This subsection describes
findings related to other RFR effects on cells and their constituents.

Many of the early studies on microorganisms produced results that were taken as evidence
of nonthermal effects of RFR. The existence of resonances at frequencies above 30 GHz was
postulated on theoretical grounds, and several studies by Webb and coworkers were conducted
that appeared to confirm that hypothesis. However, later studies by Cooper and Amer (1983) and
by Gandhi et al. (1988) that employed more sophisticated engineering and biological techniques
and in which artifacts were reduced significantly, yielded results that did not confirm earlier
findings of resonances or other evidence of nonthermal effects at such frequencies.

The apparent absorption resonances in the range of 2 to 9 GHz reported by Swicord and
Davis (1983) for aqueous solutions of DNA molecules derived from E. coli were regarded as
indicative of direct action of RFR with such molecules. Later attempts by Edwards et al. (1985)
and Gabriel et al. (1987) to reproduce such findings, however, yielded negative results.
Moreover, analytical and experimental results were obtained indicating that such resonances
were most likely artifactual, associated with the probes and measurement methodology used.

In general, research on possible RFR effects on microorganisms or of RFR exposure in vitro
of cells derived from macroorganisms is important for eliciting possible mechanisms of direct
interaction of RFR with such biological entities or their constituents at levels that can be
characterized as nonthermal. However, the relevance of such findings to possible effects of
exposure of intact animals to RFR and ultimately the significance of such findings with regard to
possible hazards of RFR to humans would have to be established. Such research to date has not
provided any scientific evidence that humans chronically exposed to low-level RFR would
experience cellular effects.
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V.C.3. Findings

V.C3.l Epidemiologic/Occupational Studies

Given the problems and uncertainties in animal studies related to interspecies differences,
considerable weight should be given to findings of well-performed studies involving actual or
presumed human exposure to RFR, despite the previously stated limitations of such studies.

Relatively few epidemiologic studies have been done on the effects of RFR exposure, either
occupationally or from residing in the vicinity of RFR emitters or experimental studies with
human volunteers. Taken collectively, those studies yielded no scientific evidence that chronic
exposure to RFR at levels within the [EEE (1991) guidelines would cause detrimental health
effects.

v.C32 Congenital Anomalies

The possible association of congenital abnormalities with prenatal exposure to RFR has
been reported. Careful analyses of such reports do not substantiate such findings.

v.C.33 Ocular Effects

The results of animal experiments indicate that heating the eye to temperatures of about
41°C or more damages the lens. Another finding is that for continuous exposure for durations of
2 hours or more, the threshold power density for ocular damage is within the range 100-150
mW/cm2. In the relatively few epidemiologic studies on possible ocular damage from chronic
RFR exposure, some of the findings were negative and others were positive. Most of the
positive findings were found to be explained more by aging of the lens than by RFR exposure.
Exceptions were cases of possible occupational exposure at levels and for durations sufficient to
heat the eye to damaging temperatures. Such cases occurred primarily during the first decade
after the end of World War II, as exemplified in the paper by Hirsch and Parker (1952).

v.C.34 Auditory Effects

The RFR-auditory effect is not a concern with the WSR-88D, even for persons who may be
exposed to its main beam. In a study with human volunteers by Cain and Rissman (1978), the
perception threshold for 5-us pulses (comparable to those from the WSR-88D) was found to be
about 2500 mW/cm?. The peak power density in the main beam of the WSR-88D will not exceed
2200 mW/cm?2. Thus, persons exposed to the main beam are unlikely to “hear” individual WSR-
88D pulses.

V.C3.5 Mutagenesis, Cytogenetic Effects, and Carcinogenesis

In many studies of possible mutagenic effects of RFR on bacteria, yeasts, or fruit flies, the
findings indicated that mutations do not occur except under conditions in which the RFR
produces significant temperature rises in the specimens. Regarding mutagenesis in mammals,
several studies showed that exposure of male rodents to levels of RFR that produce frank heating
of the testes tends to reduce fertility, but that such levels were not mutagenic. No scientifically
valid evidence was found that chronic exposure to RFR at levels within the ANSI (1982) or
IEEE (1991) guidelines induces or promotes any form of cancer in mammals.
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V.C3.6 Teratogenesis

RFR-induced teratogenesis was sought in various species of insects, birds, rodents, and
nonhuman primates. In early studies with insects, the RFR levels used were usually high enough
to significantly heat the subjects. Nevertheless, those investigators concluded that the
abnormalities they found were not due entirely to the heat produced by the RFR. Subsequent
investigators, however, were unable to confirm such nonthermal findings and suggested that the
carlier findings could be ascribed to uncontrolled non-RFR factors. Thus, there is no valid
scientific evidence establishing the occurrence of teratogenic effects in insects at nonthermogenic
RFR levels.

A similar conclusion applies to studies of RFR-induced teratogenesis in quail eggs and
developmental abnormalities in hatched quail. On the other hand, retardation of development in
embryos of the domestic chicken was ascribed by others to exposure of eggs to RFR at relatively
low RFR levels (about 3.5 mW/cm? average). Close examination of the research indicates that
the reported nonthermal RFR teratogenesis in the chicken is questionable.

Mixed results were obtained in studies of RFR-induced teratogenesis and developmental
abnormalities in rodents. With mice, both positive and negative findings were reported, but
several of the more recent studies reported statistically significant retardation in postnatal growth
from RFR exposure in utero at levels exceeding 10 mW/cm?2 (an effect found with hamsters as
well). On the other hand, virtually all of the studies with rats yielded negative results and
indications that the RFR levels that can cause significant prenatal abnormalities or retardation of
postnatal growth or development are close to, or above, the lethal level for rat dams.

These findings for rats and mice led one group of researchers to conclude that the mouse
may be more suitable than the rat as a model for investigations of possible teratogenic effects of
RFR in humans. However, the positive findings in one rodent species and the negative findings
in another rodent species suggest that neither rodent species is a suitable model for that purpose.
Instead, investigations with nonhuman primates should yield much more definitive findings.

In a study primarily seeking effects of RFR exposure on mother-infant behavior in squirrel
monkeys, a small number of unexpected infant deaths occurred in the RFR-exposure groups.
Because fewer deaths occurred in the control groups, the results showed borderline statistical
significance. However, in a follow-up study specifically directed toward possible RFR-induced
infant mortality, which entailed a larger number of monkeys, no statistically significant
difference in numbers of infant deaths between RFR-exposed and control groups was seen.

Overall, then, the studies performed on possible RFR-induced teratogenesis and
developmental abnormalities support the conclusion that such effects can occur from temperature
increases caused by the RFR, rather than from any special teratogenic properties of RFR.
However, those findings also indicate that the likelihood is negligibie that such effects would
occur in humans from exposure to low-level RFR.

V.C3a.7 Nervous System

Many early BBB studies appear to have suffered from the presence of significant artifacts in
the biological methodology used. In other studies, the results interpreted by the investigators as
RFR-induced alterations of the BBB were more likely ascribable instead to changes in the
relative sizes of vascular and extravascular volumes in the brain. In recent studies, however, in
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which artifact was reduced substantially and perhaps rendered negligible, the results indicate that
hyperthermic levels of RFR are necessary to alter the BBB.

Most of the positive findings of histopathological and histochemical changes in the nervous
system by RFR were probably induced thermally. A notable exception was a recent study, which
indicated that inhibition of the biochemical respiratory chain function within certain cells can be
induced at RFR levels that do not cause measurable tissue hyperthermia. That effect is worthy of
further study, but does not indicate a potential health hazard.

Problems associated with the use of metallic electrodes to record EEGs and evoked
responses during RFR exposure led to discounting of the positive findings in studies involving
such use. Such problems were essentially eliminated by development of high-resistance, carbon-
loaded-Teflon electrodes that were tissue-compatible and thus implantable for chronic studies.
When such electrodes were used to measure EEGs and/or evoked responses of conscious
(unanesthetized) animals during exposure, the differences between responses of RFR-exposed
and sham-exposed animals were nonsignificant. For rabbits, used frequently for such studies, the
EEGs and evoked responses were found to vary widely among unanesthetized control animals, as
well as with time in individual rabbits, thereby reducing the confidence in any positive or
negative findings with rabbits.

V.C.38 Immunology and Hematology

Possible RFR effects on the immune system were sought in a variety of investigations. In
many early studies, suspensions of the various classes of white blood cells were exposed to RFR
in vitro, but such studies suffered from the lack of adequate control of cell temperature during
exposure. In later studies, therefore, considerable effort was devoted to developing exposure
systems that permitted maintenance of constant cell temperature at an optimum level during
exposure or that provided means for deliberate temperature increases to specified values for
purposes of comparison. Many studies with such systems were directed toward determining the
effects of RFR on lymphocyte proliferation or on functional characteristics of lymphocytes as
components of the immune system.

In studies of white blood cell cultures held at the same temperature during RFR exposure as
control cultures, negative findings (nonsignificant differences between exposed and control
cultures) were obtained. In those that yielded positive findings, the effects on the exposed
cultures were clearly thermal.

Also sought in early studies were possible effects of exposure of red blood cells to RFR in
vitro. Among the findings were significant cell breakdown (hemolysis) and potassium ion efflux
for rabbit red blood cells exposed to 2.45-GHz RFR at average power densities as low as 1
mW/cm?. In later studies, however, losses by heating with RFR from room temperature to 37°C
did not significantly differ from losses due to conventional heating; the threshold SAR for effect
was found to exceed 46 W/kg. Significant losses were not found for human cells heated by either
means to 37°C, thus indicating that RFR may not induce similar changes in rabbit and human
blood.

Exposure of animals to RFR in vivo for determining possible effects on the immune system
yielded mixed results. Some of the studies showed an apparent diminution of immune responses
to RFR, but with no clear dependence on RFR level. Results of other studies appeared to indicate
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that survival was extended by exposure to RFR. In investigations with Japanese quail, RFR-
related differences in antigenic responses were not found, except when temperature elevations
were implicated. Some of the investigators reported that exposure of mammals to RFR increased
the proliferation of leukocytes or the production of antibodies (relative to controls); however,
with few exceptions, the measured or estimated thermal absorption was well in excess of 1 W/kg.
In more recent studies that employed advances in assay methods, subtle effects on mammalian
immune systems were sought, including the effects of RFR on the activity of natural killer (NK)
cells, with attention to the possible effects of non-RFR stress in the animals. The results indicated
that thermal absorption well in excess of 1 W/kg was necessary for such effects to occur.

More directly relevant to possible effects of RFR exposure on the human immune system
would be studies in which animals are exposed to RFR continuously for long periods to
determine whether such exposure would adversely affect their health, longevity, and resistance to
natural disease or experimental challenge with various microorganisms or toxins therefrom. The
results of many studies indicate the existence of threshold RFR levels for various bioeffects, thus
providing confidence that exposure to levels that are appreciably below the threshold levels is
unlikely to be harmful. However, most experimental data were obtained by use of single or
repetitive exposures of relatively short durations. Although it is hard to conceive of mechanisms
whereby exposure to RFR below threshold levels would accumulate to cause adverse effects,
very few studies have been performed in which animal subjects were continuously exposed to
low-level RFR (i.e. that does not cause significant heating of tissue) during most of their
lifetimes.

The most comprehensive chronic study to date was a University of Washington rat study. In
that study, 100 rats were exposed to 2.45-GHz RFR, and 100 rats were concurrently sham-
exposed for virtually their full lifetimes (except those withdrawn for interim tests and those that
died before the end of the exposure regimen). Tests of 10 rats withdrawn from each group after
13 months of exposure yielded significantly higher splenic T- and B-lymphocyte counts in the
RFR subgroup than in the sham subgroup; the authors ascribed those higher counts to stimulation
of the lymphoid system by the RFR. This effect, however, was not seen in similar tests
conducted on completion of the exposure regimen, and the authors provisionally ascribed its
absence to immunosenescence. The RFR did not affect longevity at corresponding times during
the regimen.

No primary malignancies were found at the interim tests (in rats younger than 1 year).
Primary malignant lesions were found in 2 RFR-exposed and 2 sham-exposed rats at ages 13-18
months, in 9 of the RFR group and 1 of the sham group at ages 19-24 months, and in 7 of the
RFR group and 2 of the sham group at ages 26-30 months. The differences in the numbers for
each specific malignancy type were all statistically nonsignificant, and the incidence of each
specific malignancy in the RFR group was similar to that in the literature for untreated rats of the
same strain. The authors stated “the finding here of excessive malignancies in the exposed
animals is provocative; however, when this single finding is considered in light of other
parameters evaluated, it is questionable if the statistical difference reflects a true biological
activity.”

In the RFR group 18 rats had malignancies, with 5 rats in the sham group — a difference
noted by the authors to be statistically significant. Little credence can be given to this point,
however, because of the nonsignificant differences for each malignancy type and because
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combining those nonsignificant differences to attain statistical significance is an oncologically
dubious procedure. Also, the results of the study showed no significant differences between RFR
and sham groups in the incidence of benign tumors, a point of importance if the initiation process
is assumed to be similar for both benign and malignant tumors.

V.C39 Physiology and Biochemistry

In investigations of other possible physiological and biochemical effects of RFR, the
thermoregulatory systems of nonhuman primates have been shown to readily compensate for
high levels of RFR. This finding is most significant relative to possible hazards of human
exposure because of the closer anatomical and physiological similarities among human and
nonhuman primates than berween those of humans and any other mammals.

Most of the studies of possible RFR-induced effects on the endocrine system were
conducted on rodents. Those that yielded positive findings indicated that the effects were largely
due to increases in the thermal burdens of the animals. In many of the studies, the changes
observed in endocrine function may have been significantly influenced by stresses in the animals.
For this reason, the studies in one laboratory are notable for the efforts taken toward reducing
stress by acclimating the animals to handling and to the experimental situation. Nevertheless,
some of the subtle effects of RFR on the endocrine system deserve further study.

In some early studies in which excised hearts were exposed to RFR and other studies in
which the whole animal was exposed in vive, the positive findings reported (bradycardia,
tachycardia, or both) were suspect because of the use of antached or indwelling electrodes that
probably introduced significant artifact. Subsequent studies that used electrodes that were not
perturbed by RFR or did not perturb RFR yielded results indicating that heart rates were altered
only at RFR levels that caused significant body-temperature rises or otherwise added to the
thermal burden of the animal.

Also investigated, both in excised animal hearts and in vivo, was the possibility that pulsed
RFR at repetition rates that are synchronous with various periodic characteristics of the EKG
could alter heart rate. In one study, tachycardia was reported to have been induced in excised
frog hearts by RFR pulses in synchrony with the EKG, but this finding could not be confirmed
by other researchers.

Other investigators showed that for CW RFR, levels well in excess of 1 mW/cm? were
necessary for significant alterations of heart rate. The results of another study indicated that the
functioning of hearts already damaged from other causes is not affected by exposure to CW RFR
at levels of 10 mW/cm? or lower.

v.C3.10 Behavior

Many studies of avoidance behavior in animals appeared to indicate that RFR is a noxious or
unpleasant stimulus. There is considerable evidence, however, that the RFR-induced changes in
behavioral patterns observed in animals are the responses by their thermoregulatory systems to
minimize absorption of heat in normal or warm ambient environments (including high levels of
humidity) or to obtain warmth in relatively cold environments. Thus, other than auditory
perception of RFR pulses, animals apparently do not directly sense RFR (other than as heat). The
results of studies on RFR disruption of animal performance or leamed behavior were quite
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variable; however, most of the findings showed that the observed changes in behavior could be
ascribed to the additional thermal burden imposed by the RFR, and specifically were significant
at measured or estimated whole-body thermal absorption well in excess of 1 W/kg.

The many studies of possible synergy between RFR and various psychoactive drugs
(diazepam, chlorpromazine, chlordiazepoxide, and dextroamphetamine) yielded unclear or
inconsistent results. In some studies, the changes in drug dose-response relationship were subtle
and not necessarily induced by the RFR. In most studies that yielded RFR-induced changes in
drug response, average power densities of 1 mW/cm? or higher coupled with relatively high drug
dosages were necessary. The results of still other studies showed no RFR-induced response
changes. The absence of synergistic effects between the consumption of alcohol and RFR except
at very high doses of alcohol were especially noteworthy. In general, it is most unlikely that the
effects of psychoactive drugs or of alcohol would be altered by exposure to low-level RFR.

v.C.3.11 Cellular and Subcellular Effects

Excitation of resonances in cells exposed to submillimeter-wave RFR was postulated on
theoretical grounds, and several studies were performed that apparently confirmed that
hypothesis. Specifically, preparations of E. coli and of protein, RNA, and DNA isolated from
such cells yielded apparent resonances in the range 65-75 GHz — results regarded as evidence of
nonthermal RFR effects. However, results of later studies, in which more sophisticated
engineering and biological techniques were used to reduce artifact, did not confirm the existence
of such resonances or any other indications of nonthermal effects.

Apparent resonances in the range of 2 to 9 GHz were reported recently for aqueous solutions
of DNA from E. coli, but in studies by other groups, true resonances were not found. Instead, use
of better analytical and experimental methods produced results indicating that the apparent
resonances were most likely artifactual and were associated with the methodology used in the
earlier studies.

V.C.3.12 Overall Conclusion Based on the Scientific Review

On the basis of a rigorous analysis of the scientific literature, the RFR from WSR-88D units
will be at levels that will not generate adverse health effects in the general population. There is
no potential for significant effects to result from exposure to RFR from WSR-88D units.

V.C4. RFR Safety Standards

vV.C4.1 Introduction and Findings

Terms such as “safety standards” and “exposure standards” generally refer to, and are
frequently used interchangeably with, specifications or guidelines on maximum public or
occupational exposure levels to electromagnetic fields. Such levels are usually expressed as
permissible exposure limits (PELs), threshold limit values (TLVs), or maximum power densities
~-or field intensities in specific frequency ranges for stated exposure durations. Exposure
guidelines have been developed by private organizations such as the American National
Standards Institute (ANSI), the National Council on Radiological Protection (NCRP) [now called
the National Council on Radiation Protection and Measurements (NCRP)], and the American
Conference of Governmental Industrial Hygienists (ACGIH) as voluntary guidelines for
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occupational or general-public exposure or both. In some instances, however, governmental
agencies such as the Federal Communications Commission and various state and municipal
bodies have adopted such guidelines or more stringent versions thereof as enforceable standards.

Guidelines for human exposure to RFR have been selected on the basis of maximum values
of SAR that were found to be not harmful in experimental animal studies. SAR is the rate at
which RFR energy is absorbed in any small region of a body, expressed in watts per kilogram
(W/kg). For any value of incident power density, the SAR usually varies with location of the
region within the body. Because internal variations of SAR are difficult to determine for complex
bodies, the term “whole-body SAR™ is often used to represent the spatially averaged value of
SAR for the body — a quantity that can be measured without the need for determining internal
variations of local SAR. “Local SAR” denotes the rate of energy absorption at any local site
within a biological object. The absorption does not necessarily occur as heat.

The following section describes relevant safety standards and compares the electromagnetic
fields created by WSR-88D units with the standards. During normal operation, WSR-88D RFR
will not exceed the standards or the guidelines adopted by ANSI, IEEE SCC 28, NCRP, or
IRPA; nor will it exceed the lowest of the proposed, but not implemented, EPA limits. If
limitations on the frequency of use are applied to searchlight-mode operation, the standards
mentioned above will not be violated. WSR-88D RFR will exceed the human-exposure standards
of the former USSR, but only within the near field of the radar.

V.C4.2 IEEE (1991) GUIDELINES

In 1982, ANSI Subcommittee C95.IV adopted a frequency-dependent standard for both
occupational and public exposure to RFR (ANSI, 1982). That standard was based on a maximum
whole-body SAR of 4 W/kg, reduced by a safety factor of 10, to 0.4 W/kg. It covered the
frequency range from 300 kHz to 100 GHz. Those limits were not to be exceeded for exposures
averaged over any 6-minute period. In the 1982 ANSI standard, the incident power density limit
for the range 2.7 to 3.0 GHz of WSR-88D was 5 mW/cm2.

In 1988, the functions of ANSI Subcommittee C95.IV were transferred to Subcommittee 1V
of Standards Coordinating Committee 28 (SCC 28) on Non-ionizing Radiation Hazards, a new
body under the jurisdiction of the IEEE. The subcommittee selected and analyzed the important
research papers in an updated data base of the RFR-bioeffects literature and prepared a revision
of the 1982 ANSI standard. That revision, the IEEE SCC 28 guidelines, has recently been
approved by the IEEE.

The IEEE (1991) guidelines cover the frequency range from 3 kHz to 300 GHz and
separately specify the maximum allowable RFR exposure in “uncontrolled environments”
(accessible by the general population) and “controlled environments” (such as occupational
exposure). In the range from 300 MHz to 1.5 GHz, the new limits have a safety reduction factor
of 50 instead of 10, and are averaged over any 30-minute period instead of over 6 minutes. In the
range from 1.5 to 3.0 GHz, the new limits increase in accordance with the formula f/1500 (with
the frequency f in MHz), whereas the limit was fixed at 5.0 mW/cm?2 in the ANSI standard. (See
Figures B.1 and B.2 in Appendix B). Thus, in the WSR-88D frequency range of 2700 to 3000
MHz, the new limits on average power density for uncontrolled environments are 1.8 to 2.0
mW/cm? instead of 5 mW/cm2. The new IEEE (1991) guidelines limits for controlled
environments are 9 to 10 mW/cm? averaged over any 6-minute period.
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The duration of each WSR-88D pulse will be either 1.57 or 4.71 us, depending on the
weather feature of interest. The number of pulses to be transmitted per second (the pulse
repetition frequency or PRF) will range from 318 to 1304 pps. The time-averaged power level
from the WSR-88D antenna will never exceed 1 kW. During normal operation, the average
power density of WSR-88D RFR at the surface of the radome would be 0.6 mW/cm?2 — a level
considerably lower than the maximum exposure levels in either the 1982 ANSI standard or IEEE
(1991) guidelines.

At the lowest planned tower height, the WSR-88D beam axis will be 32 ft above ground
level. During normal operation, for most units, the RFR beam will be elevated at least 0.5°, and
the highest average RFR power density at heights of 6 ft or less from the ground will not exceed
0.005 mW/cm2. Thus, during normal operation with scan pattern 31, the near-ground average
power density will not exceed the maximum values specified in the ANSI standard or the [EEE
(1991) guidelines.

During a S-minute period of searchlight mode operation, the WSR-88D unit with a -0.5°
beam elevation will generate a maximum average power density (averaged over 6 minutes) in the
main beam of 3.85 mW/cm? within 800 ft of the antenna. That power density will not exceed the
IEEE (1991) guidelines for controlled environments of 9.0 to 10.0 mW/cm?2. For comparison
with the IEEE (1991) guidelines for uncontrolled environments, a 30-minute averaging period is
required. If multiple S-minute periods of searchlight-mode operation occurred during a 30-
minute period, the IEEE (1991) guidelines for uncontrolled environments - 1.8 to 2.0 mW/cm?2 —
could be exceeded. To prevent that hazard, use of the searchlight mode operation will be limited
to one 5-minute period per 30 minutes and a safety plan to minimize human exposure will be
prepared and implemented for searchlight-mode operation.

Also included in the IEEE (1991) guidelines are maximum allowable values for RF current
flow induced within the feet of a person immersed in an RFR field or by the person’s contact
with an inanimate object (e.g., a fence or vehicle) electrically charged by immersion in an RFR
field. Such limits are applicable only within the frequency range from 3 KHz to 100 MHz (where
such effects can occur) and thus are not relevant to WSR-88D.

V.C4.3 International Radiation Protection Association Standard (IRPA)

In 1988, the International Non-Ionizing Radiation Committee of IRPA, with participants
from Australia, France, West Germany, Italy, the Netherlands, Sweden, the United Kingdom,
and the United States, published guidelines for occupational and public exposure to RFR in the
frequency range 0.1-300 GHz (IRPA, 1988). The occupational exposure limits in the range 10
MHz upward were based on a whole-body SAR of 0.4 W/kg; the limits for public exposure are
fivefold lower (based on 0.08 W/kg). WSR-88D RFR would not exceed that standard at any
location outside the radome.

vV.C4.4 EPA Abandoned Guidelines

For several years the EPA had been planning to issue an exposure guidelines for the public.
On July 30, 1986, EPA published a Notice of Proposed Recommendations in which 1 Wikg,
instead of 4 W/kg, was given as the basis for a public guidelines (EPA, 1986). The rationale for
the lower SAR was a literature review (Elder and Cahill, 1984). The three options EPA proposed,
which were based on risk, benefit, and cost analyses, were a tenfold, fivefold, or no reduction

54



from 0.4W/kg (i.e., 0.04, 0.08, 0.4 W/kg). EPA decided not to issue guidelines and has not done
so to date. The WSR-88D RFR would comply with any of the proposed, but not issued, EPA
exposure guidelines,

V.C4.5 National Council on Radiation Protection and Measurements (NCRP)

In a report by Scientific Committee 53 of the National Council on Radiation Protection and
Measurements, the 1982 ANSI limits were recommended for occupational exposure only
(NCRP, 1986). The exposure limits recommended for the general population were based on 0.08
W/kg, a fivefold lower value than in the 1982 ANSI guidelines. The corresponding lowest
power-density limit in the NCRP report is 0.2 mW/cm2, which is applicable to the frequency
range 30 to 300 MHz. This reduction was based on the assumption that the public is exposed
continuously (168 hours per week) and that the ratio of 40 hours in the work week to 168 hours
is about 0.2.

The foregoing maximum permissible exposure limits in areas accessible to the general
public are meant to apply to the sum of the RFR levels from all sources rather than to the levels
from each source alone. Since the highest levels from the WSR-88D radar will be about 100
times lower than the lowest limit proposed in EPA (1986) and about 200 times lower than the
NCRP (1986) limits, the emissions from the WSR-88D radar will not materially add to the
emissions present in those areas from any other sources.

V.C4.6 Former USSR Standard

Of interest are the exposure standards issued in the USSR before its recent transformation
into a confederation of independent republics. Presumably, those standards remain in effect
during the transition. For the WSR-88D range of 2700 to 3000 MHz, the exposure limit for the
public is 0.01 mW/cm?, a level much lower than in ANSI (1982) or IEEE (1991) guidelines. The
military establishment of the USSR was exempt from exposure standards, but the U.S, military is
not. However, during routine operation the average power density in the main beam of WSR-
88D will be less than 0.01 mW/cm? beyond about 800 ft from the antenna.

V.D. HUMAN HEALTH EFFECTS OF POWER LINE FIELDS

V.D.1. Introduction

The frequency band of 30 to 300 Hz is known as the extremely low frequency (ELF) band.
Power transmission systems in the United States and Canada operating at a frequency of 60 Hz
(and European power lines at 50 Hz) are within the ELF band, as compared to the RF band of 3
kHz to 300 GHz (3,000 to 300,000,000,000 Hz). Because of the frequency differences, the power
density concept discussed in the RFR bioeffects sections above is not applicable to power line
fields. Instead, possible bioeffects are analyzed in terms of electric-field (E-field) strength and
magnetic-field (H-field) flux density. This section describes actual levels of E- and H-fields near
power transmission lines, summarizes findings from the scientific literature about the biological
effects of exposure to such fields, and compares the field strengths with adopted standards.

Power line fields are characterized by voltages and currents. Voltage is a measure of the
electrical potential energy that makes electric charges flow through a circuit. Current is a
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measure of the rate of flow of electric charge in a circuit (e.g., a power line). The amount of
power flowing is proportional to the product of voltage and current.

Voltages on any wire produce an E-field in the region surrounding the wire. Power line
electric fields are characterized in space by the difference in voltage between the power line and
the ground, expressed in volts over a distance of 1 m (V/m), usually at ground level. An H-field
is produced when electric current flows in a wire. Power line H-fields are measured in units of
milligauss (mG).

E- and H-fields are also created by household wiring and appliances. E-field levels in the
centers of various rooms in a typical American home vary from 0.8 to 13.0 V/m, as reported by
the World Health Organization. E-field levels 30 cm from appliances are reported as about 2 V/m
for an incandescent bulb, 30 V/m for a color television set, 60 V/m for a refrigerator, and 250
V/m for an electric blanket. H-fields may be fairly intense close to appliances but decrease
rapidly with distance. H-field levels at 30 cm from color television sets, hair dryers, and electric
blankets are about 20 mG, 70 mG, and 15 mG, respectively. At 1 m from those appliances, the
fields decrease to less than 3 mG (EPRI, 1991). Trees and building materials may greatly reduce
the strength of power line E-fields. H-fields are not affected by trees or buildings, but are
shielded by ferrous metals (iron or steel sheets).

The physics of the interaction of E- and H-fields with conductive objects having a complex
dielectric constant is well understood, but the biological mechanisms of interaction of such fields
with entities such as living cells and tissues are the subject of current research. Alternating-
current (ac) E- and H-fields induce weak currents and E-fields in people and animals. The 60-Hz
E-field strength in biological tissue is approximately 1-million times smaller than the E-field
strength in the surrounding air because of the extremely large dielectric constant of the water
composing much of the tissue. In any region of the body, the externally induced field adds to,
and subtracts from, the internal field existing in the absence of the external field. Biologic tissue
is permeable to magnetic fields, with the internal magnetic field in the body essentially equal to
the outside field.

V.D.2. Field Strengths Near WSR-88D Power Lines

For a long isolated wire, the surrounding E-field is proportional to the voltage and varies
inversely with the distance from the wire. Similarly, the surrounding H-field is proportional to
the current and varies inversely with distance. For 3-phase 4-wire systems like the WSR-88D
power supply line, the situation is much more complicated. The currents and voltages on the
three wires are displaced in phase (relative time) by 120°, which tends to cancel the E- and H-
fields that exist at moderate distances from the wires. In addition, the fourth wire is grounded,
which further reduces the resulting E-fields. Moreover, the resulting fields depend strongly on
the geometrical arrangement of the four wires. Thus, the calculation of 3-phase fields is
complicated and difficult.

Power will be supplied to WSR-88D by a 200-A, 3-phase, 4-wire service with 120 V to
ground and 208 V between wires. The power lines may be aboveground or underground. (The
underground service would have a different physical configuration from aboveground service).
The E- and H-field levels that will be produced by the incoming above-ground power line can be
estimated from measurements made by the Southern California Edison Company (SCE) near a
substation in Orange County, California (SCE, 1991).
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One 3-phase line (with four wires) near the substation is 30 ft above the ground, and
operates at 12,000 V (line-to-line). For a current of 180 A, the maximum H-field strength
observed 3 ft above the ground directly below the line was 15.6 mG. The H-field fell to half this
value about 20 ft on either side of the line (SCE, 1991). That value is independent of voltage.
The WSR-88D overhead power lines will probably be closer together and closer to the ground
than the SCE 12,000 V line. The two differences tend to cancel, yielding 15.6 mG as a
reasonable estimate of the near-ground level H-field generated by the WSR-88D power line,

The situation is considerably different for WSR-88D power lines underground. In this case,
the distance between the power line and humans at ground level is greatly reduced, but the
current-carrying wires are grouped together and twisted into a cable. Those two effects tend to
cancel each other, and the 15.6 mG estimate of H-field swength is reasonable.

The E-field at the same location in relation to the SCE power line was 60 V/m and again
dropped to half that value at 20 ft from the below-the-line position. Because the WSR-88D
power line will use only 208 V, that value for the E-field should be reduced by the factor
208/12,000 to obtain 1.04 V/m as the estimated value directly below the WSR-88D power line,

Electric fields are strongly attenuated by earth. Therefore, the strength of the electric field at
near-ground level will be very low for an underground power line.

V.D.3. Summary of Current Knowledge About Power Line Frequency Biological Effects

Reports of possible health effects from long-term exposure to power-line electric fields were
first reported in the Soviet Union in the mid-1960s. Soviet workers in 400- and 500-kV
switchyards occupationally exposed to 50-Hz E-fields with intensities from 2 to 26 kV/m
reported headaches, fatigue, reduced sexual potency, and other changes. As a result, regulations
were established for Soviet substation workers that allowed unlimited exposure to fields less than
5 kV/m and limited exposure umes to fields higher than 5 kV/m.

The Soviet workers’ complaints have not been reported by substation workers in other
countries, except for two reports from Spain in the early 1970s. At the time they were reported,
Western scientists considered the Soviet effects speculative for three reasons. First, it is difficult
to ascribe a causal relationship to field exposure instead of some other agent present; for
example, 100-Hz audible noise, transformer oil vapors, and, importantly, microshocks, Second,
there was an emphasis in Soviet medicine at that time on their so-called “neurasthenic
syndrome"* (Gordon, 1966). Third, Soviet workers were entitled 1o protection from any and all
workplace hazards, even if the symptoms might be judged psychosomatic by Western standards
(Krylou and Yuchenkova, 1973; Gordon, 1966; and Umansky, 1989).

In the United States, Marino et al. (1976) conducted a pilot study of long-term exposure of
mice to 60-Hz fields. They reported effects in fields of 15 kV/m, including decreased growth,
increased mortality, and changes in blood chemistry. They stated that shocks received by the
animals when attempting to eat or drink in the cages immersed in the fields may have been
responsible for at least some of the effects.

* In this medical concept, the CNS is considered as the initiating, monitoring, and controlling functionary over all
life processes, The concept has been discounted in Western medical practice for more than 50 years.
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Marino, Becker, and several other investigators presented their opinions concerning the
potential health hazards of two proposed 765-kV transmission lines at a common record hearing
before the New York State Public Service Commission, 1976-1978. Most of the expert testimony
discounted the potential for hazardous effects (Scott-Waiton et al., 1979), and construction of one
of the power lines began. (The application for the second line was withdrawn for reasons
unrelated to the hearing.) However, the concerns leading up to the hearing effectively marked the
beginning of major research into power line-field bioeffects to attempt to resolve insufficient,
inconclusive, or contradictory research findings. Most of this research has been funded by the
U.S. Department of Energy (DOE) and the Electric Power Research Institute (EPRI).

The New York State Public Service Commission's decision based on the common record
hearing resulted in the investor-owned utilities in New York State (as well as the New York
Power Authority) funding a $5 million, 5-year research program on EMF health effects. While it
was in existence, the New York State Power Lines Project was a third major program, including
studies of the 60-Hz H-field and combined E-/H-field exposures.

To date, these research programs have not confirmed hazardous effects from exposure to
power line E- or H-fields. However, several health effects have been described that require
additional studies to elucidate mechanisms causing the observed effects and to determine the
potential significance of the observed effects.

Vv.D.3.1 Literature Reviews

The scientific literature has been reviewed numerous times during the last decade. This
subsection summarizes and compares the conclusions reached by a number of the most
prominent reviews. The American Institute of Biological Sciences (1985), the Florida Electric
and Magnetic Fields Science Advisory Commission (1985), and the Western Energy Supply and
Transmission Associates (1986) all noted that E- and H-fields at power line frequencies can,
under some circumstances, induce a variety of effects in biological systems. Many of those
effects are temporary and reversible, and are therefore considered nonhazardous. The strongest
evidence for adverse public health consequences from EMF exposure comes from two lines of
epidemiologic investigation: the childhood cancer residential studies and the leukemia/CNS
cancer/male breast cancer occupational studies. Those reviews concluded that more research is
needed on confirmation of the epidemiologic findings and also on mechanisms of biologic
action. These reviews also considered it unlikely that human health effects will result from
exposure to power line fields.

The Florida Electromagnetic Field Advisory Panel (1987) examined epidemiologic studies
and laboratory studies. They stated that the epidemiologic study by David Savitz “showed a
potential for slight increase in childhood cancer from exposure to H-fields from distribution
lines.” The panel noted that exposure levels that cause effects in laboratories occur at field
strengths higher than normally caused by power lines. However, it is not possible to conclusively
determine the possible risks from long-term exposure to power line fields. Responding to the
panel’s findings, the State of Florida adopted standards for power line field levels that were
higher than the panel's recommendations (EPRI, 1991).

The New York State Power Lines Project Scientific Advisory Panel (1987) found that most
of the project-sponsored research indicated no effects of concern: however, some studies did
identify several areas of concern. This report pointed out Savitz’s work on the possible
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association between childhood cancer and residennal power lines. The panel recommended
further study into that possible association and mechanism of interactions between power line
fields and living systems, including residential exposure.

The Congressional Office of Technology Assessment (OTA) sponsored a background study
(Nair et al., 1989). The authors determined that the results “most worthy of concern” are effects
on the CNS and the possibility of cancer promotion. Interactions of power line-frequency fields
with the CNS may be very specific with respect to frequencies and intensities, and may vary with
the magnitude and orientation of the local geomagnetic field. For that reason, a carefully planned
research agenda is required (Nair et al., 1989). They also determined that “no experiment or
theory clearly proves that ELF fields promote cancer or growth enhancement.” As a result, OTA
recommended further research, including cellular, whole-animal, and epidemiologic studies
(EPRI, 1991).

DOE’s Bonneville Power Administration (BPA) prepared a thorough review of power line-
field bioeffects literature in 1989. Although itself not a consensus scientific literature review, that
report included a review of 21 other literature reviews on bioeffects of E- and H-fields. The
conclusion of most of those reviews was that E- and H-fields:

such as those produced by transmission lines have not been shown to be a
health hazard to people or animals. Because of the uncertainty in the research
findings, a number of reviews have included cautionary recommendations for

measures to limit human exposures to electric and magnetic fields. (BPA,
1989)

v.D.3.2 Laboratory Animal Studies

Exposure measures are different for animals and humans because their presence perturbs the
surrounding E-field. Humans are bipedal, whereas most laboratory animals are quadrupedal. In a
vertical E-field, a person’s presence causes the field lines to be concenmrated on the head and
upper torso. Most of the time laboratory rats have their lower body surface in contact with the
ground, and the field is enhanced over their backs, but to a much lesser degree than for the
human upper body. In a uniform 10-kV/m E-field, the introduction of a human perturbs the field,
enhancing the E-field at the upper body surface to about 180 kV/m. For a rat, the enhancement is
to about 40 kV/m (BPA, 1989).

Body-surface E-field exposure is only one of several exposure measures. Small currents that
flow to ground are induced in the body from external fields. The *‘short-circuit” current for the
human is 160 mA for a 10-kV/m E-field and 1.6 mA for the rat. Finally, internal body-current
densities may be the parameter considered most relevant. In the same uniform 10-kV/m E-field,
internal current densities at the center of the body are 190 nanoampere per square centimeter
(nA/cm?) for the human and 16 nA/cm? for the rat, an approximately 12-fold difference. These
factors must be considered when assessing reported effects in rats and how these results may
relate to humans. Comparable scaling problems for extrapolation to humans apply to all
laboratory animal models.

Considerations for H-field exposure are different. Because humans and animals do not
perturb H-fields, no field enhancement effect takes place as it does with E-fields. The H-field is
also not diminished within the body. However, alternating H-fields induce alternating E-fields in
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the biological specimens, also giving rise to alternating currents in the tissues. These currents do
not flow to ground, but “circulate” within the body. Calculations show that magnetically induced
E-fields (and hence currents) in the rat and the mouse are 5.6 and 12 times smalier, respectively,
than those in a human, for a given external H-field strength (BPA, 1989). Thus, if an effect arises
from a certain internal current density, a mouse would have to be exposed to an external H-field
strength 12 times that needed to cause the effect in a human. Again, exposure-scaling
considerations are important in assessing implications for human exposure.

During some early E-field exposure experiments with rats, the animals experienced electric
shocks when they attempted to drink from a water bottle in the cage. More recent experiments
have recognized such problems and corrected them. Another important experimental artifact
problem is that of rats and mice rearing on their hind legs. In very strong E-fields, this can cause
corona at the tip of the nose or vibrissae. For this reason, contemporary exposure chambers are
designed to prevent the animals from rearing. Ozone may also be produced by equipment in
studies using strong electric fields.

Other experimental factors, such as noise and vibration from the laboratory field generators
must also be considered possible sources of artifact in E- and H-field laboratory animal studies.

Beginning in the 1970s, U.S. researchers began investigating 60-Hz E-field exposure at
levels comparable with those produced by transmission lines. Marino et al. (1976) exposed mice
over 3 generations to E-fields up to 15 kV/m. Mice were allowed to breed, gestate, and give birth
in the E-field. Compared with controls, exposed animals experienced higher mortality rates and
slower growth. However, it is likely that the effects observed in this pilot study were the result of
microshocks from feeding and watering devices, rather than E-field exposure.

Marino et al. (1977) exposed rats to 15-kV/m for 1 month. In some of 10 experiments, water
consumption and body weight were depressed, adrenal and pituitary gland weights increased, and
some blood parameters changed. Although the researchers interpreted these observations as an
indication that 60-Hz fields are biological stressors, the decrease in water consumption and
weight loss also may have resulted from microshock problems.

The most extensive long-term U.S. laboratory research on 60-Hz fields was conducted by
Battelle Pacific Northwest Laboratories. The researchers took great care to eliminate or minimize
potential sources of artifact (e.g., corona, ozone, vibration, noise, spark discharge). Phillips et al.
(1981) described results of 20 studies addressing 12 major areas of investigation using rats, mice,
and chickens. No consistent effects were found for heart and blood, susceptibility to disease,
growth and metabolism, and overall hormone production, including serum corticosterone levels
(a stress marker). Plasma testosterone levels tended to decrease for male rats exposed to 100
kV/m for up to 120 days (Free et al,, 1981). The authors suggested that this may have been
related to the rats’ ground-hugging characteristics and the contact of the males’ scrotums with the
ground-plate electrode, possibly causing large current densities around the testes. The few effects
seen on the endocrine system did not threaten life or impair reproduction.

In a study marred by a faulty transformer that yielded exposures at field levels much lower
than planned, 4 successive generations of mice (1400 animals) were conceived, born, and raised
in a 125- to 250-V/m E-field. No consistent effects on reproduction or body weight were found.

Other Battelle studies did find effects — primarily in behavior changes. These changes
entailed a preference for the shielded side of a shuttle box in field strengths of 75 kV/m and



above (Hjeresen et al., 1980). Chronic stimulation through vibrissae and/or body-hair vibration in
the 60-Hz field was believed 1o be the likely mechanism for the observed effects. Later studies
used a sensitive visual-evoked-response test to look for effects on the developing CNS.
Continuous exposure of rats to a 65-kV/m field from conception to 20 days of age did not affect
CNS development (Jaffe et al., 1983). Rats exposed to 2 or 65 kV/m for at least 3 weeks showed
significant changes in the hormones melatonin and serotonin. Melatonin is produced by the
pineal gland in the brain. Serotonin is a brain neurotransmitter associated with sleep and
wakefulness. Melatonin level normally rises nocturnally. In animals exposed to the E-field, this
did not occur. The daily rhythms of the hormones returned to normal about 3 days after they
were removed from the field (Wilson et al., 1981, 1983, 1986). Anderson et al. (1988) showed
that the threshold for the melatonin effect is between 200 V/m and approximately 2 kV/m.

Battelle researchers hypothesized that melatonin effects might also affect prolactin and
estrogen, thereby increasing the risk of mammary cancer. Leung et al. (1988) conducted two
experiments on rats. In each experiment, female rats were given a drug that induces mammary
tumors and then were exposed to 40-kV/m 60-Hz E-fields. No differences were found berween
the exposed and control groups in regard to the number of animals with tumors. However, when
the results of the two experiments were combined, the number of tumors per tumor-bearing
animal was higher in the exposed group. The suggestion was that the E-field promoted the
development of tumors. However, an earlier study in France found no increase in mammary
tumors in rats exposed to 50 kV/m (LeBars et al., 1983).

Battelle researchers conducted a 6-year study with an inbred strain of female swine that were
exposed 1o 30-kV/m E-fields for 20 h/d (Sikov et al., 1987). A second group not exposed served
as a control. No adverse effects were noted in adults, even after long-term exposure.

When the animals were first bred with unexposed boars, the control group had slightly
greater fetal mortality levels and malformations. A second breeding resulted in significantly
higher fetal malformations in the exposed group. Half of the female progeny were raised in the
E-field, the other half were controls. The first breeding of these second-generation females also
showed more fetal malformations in the exposed group than in the controls. The second breeding
showed no differences in malformation rates between exposed and control animals. The overail
results of this major study indicated no adverse health effects. The reproduction findings were
inconclusive. It is unclear whether the results were related to E-field exposure, to an outbreak of
disease that occurred during the study, or to other factors. The lack of baseline data on
malformation rates for the species also poses a major problem in interpreting the study's results.

A much larger study with rats was undertaken to try to answer the questions raised by the
swine study (Rommereim et al., 1988). Groups of rats were exposed to 0, 10, 65, and 130 kV/m.
Compared with the control animals, field-exposed animals showed no significant increase in the
incidence of fetal malformations.

Experiments have been conducted in several other laboratories. Graves (1985) exposed more
than 20,000 chick embryos to 60-Hz fields with intensities ranging up to 100 kV/m through the
21-day incubation period. No effects from exposure were found for monality, deformity, or
weights of the embryos and 1-day-old chicks. Sham exposure or exposure at several levels from
0 to 100 kV/m produced no evidence of an exposure-response relationship.
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Thompson et al. (1988) examined the possible influence of 60-Hz H-fields on leukemia in
mice. Adult mice were injected with leukemia cells at the start of field exposure to assess
whether H-fields promote the development of leukemia. Results indicated no effect of 60-Hz H-
fields of 14 mG, 2G, or 5G on survival time, spleen weight, or body weight, and no increase in
leukemia was indicated.

Duffy and Ehret (1982) found that E-fields up to 100 kV/m caused phase shifts in circadian
rhythms of laboratory mice and in some cases caused torpor, with decreased body temperature
and metabolism, in wild-type mice. The high E-field values needed for the effects suggests that
stimulation of vibrissae or body-hair vibration may have been involved.

Seto et al. (1984) conducted a long-term study of rats (over 4 generations) exposed to 80-
kV/m E-fields. Large numbers of animals were used so that small effects could be detected.
There were no effects on fertility, fecundity, survival, health, or food or water consumption.
Slight increases (i.e., 2-6%) in weights of kidneys and testes and in corticosterone were found in
exposed animals. Effects were also seen on white blood cells. Additionally, some transient
effects on growth and some diminished sexual responsiveness in males were observed. Taken
together, these mild effects suggested to the researchers an overall pattern of mild stress, most
likely via detection of the 80 kV/m E-fields through vibrassee and/or body-hair vibration, leading
to chronic stimulation.

The New York State Powerlines Project, completed in 1987, included five experiments
involving laboratory animals (Ahlbom et al., 1987). One study found that rats exposed to a 60-
Hz H-field had reduced mortality rates from drug-induced seizures. The study also found that a
1-h exposure to 60-Hz H-fields at night decreased the pain-reducing effect of morphine in mice.

Another study looked at the perinatal behavior of rat pups exposed to both E- and H-fields
before birth, and for the first 8 days after birth. The exposed and control rats required
considerable conditioning to learn a behavioral lever-pressing test, with the exposed animals
showing about a 20% lower response rate than controls.

Another study investigated the effects of 1-kV/m E-field and 500-mG H-field on the rates
and patterns of response of rats trained to press a lever for a food reward. No effects were seen.
However, a significant increase in response rate was found in five animals when exposed
simultaneously to a 500 mG, 60-Hz H-field and a dc H-field of 260 mG (about one-half of the
earth’s H-field). The effect disappeared within 24 hours after exposure stopped.

One of the New York State studies used squirrel monkeys to examine E- and H-field effects
on circadian rhythms. At low field intensities, no effect on feeding rhythms was observed. With
increasing intensities, a slight increase in the length of the feeding period was found. The
researchers suggested that these effects may not occur under natural conditions where numerous
environmental clues are available to time circadian rhythms. Another New York study used 10
pigtailed macaques; 6 were exposed to 3-kV/m and 100-mG fields, and 4 to 30-kV/m and 900-
mG fields over three 21-day periods. No effects were found on weight, blood-cell counts, blood
chemistries, tests of motor skills, daily rhythms, pathology, or general behavior. Significant
declines were found in concentrations of two neurotransmitters in cerebrospinal fluid, and one of
these remained depressed in some animals for up to 21 days after exposure ceased. Some of these
effects may have resulted from low-level stress as a result of external sensory stimulation
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induced by indirect mechanical interaction of fields with skin and hair (Weigel, et al., 1987;
Miller, 1986).

Blackman et al. (1988) exposed incubating chicken eggs continuously to electric fields at 10
V(rms)/m at either 50 or 60 Hz for 21 days. Within 1-1/2 days after hatching, the chicks were
sacrificed, and their brains removed and tested for response to 50- or 60-Hz electromagnetic
(EM) fields (at 15.9 V(rms)/m and 73 pT(rms) in a local geomagnetic field of 38 uT, 85°C, using
Blackman's calcium-ion-efflux assay, which is described in detail in the following section
(Section V.C.3.3). For eggs exposed to 60-Hz fields, the chicken brains showed a statistically
significant higher calcium-ion efflux ratio when exposed to a 50-Hz EM field, but no difference
when exposed to a 60-Hz EM field. For eggs exposed to 50-Hz fields, the chicken brains
showed no differences in calcium-ion efflux ratios when exposed to 50- or 60-Hz EM fields.
The authors commented that, "It is unlikely that these data can be fully appreciated and
extrapolated to other species before the underlying mechanism of action is established or a health
consequence of an increased calcium efflux from brain tissue is identified." Thus, these data
presently do not support any suggestion that such exposures constitute a health hazard.

Numerous additional studies have been conducted on the effects of 6()-Hz E- and/or H-fields
on various laboratory animal species. Most of the studies do not report hazardous effects from
exposure. A variety of behavioral and some endocrine system and neurotransmitter effects
similar to those described above have been reported. However, relatively few of those effects
have been confirmed by multiple laboratory studies.

v.D.3.3 Tissue and Cellular Studies

In vitro studies of ELF bioeffects have entailed a wide spectrum of exposure conditions.
Some studies have used 60-Hz fields, Others have used microwave or RF fields, amplitude
modulated at 60-Hz or other ELF. Still others have used pulsed fields. Some studies on basic
mechanisms have used currents directly injected into the samples. Difficulties then arise in
comparing field strengths in the in vitro studies with those induced in humans and animals by
power lines. The relevance of in vitro to in vive (whole animal) effects is also difficult to assess
because in vivo feedback conrol systems normally offset or correct changes observed in the in
vitro case. Hence, the relevance (if any) of tissue and cellular study findings to the intact animal
— including humans — is difficult to establish.

Several publications have reviewed in vitro studies (e.g., Sheppard, 1985; Adey, 1988;
OTA, 1989). Some consistent effects have been described, but they do not appear to be
pathological in nature. Scientific interest has focused on a series of studies claiming that E-and
H-fields can influence the rate of calcium-ion (Ca**) binding and release from brain tissue (e.g.,
Blackman et al., 1985, 1988). Such binding and release was originally called “calcium efflux” in
the 1970s, although those early studies investigated effects on the outer surface of brain cells.
This imprecise nomenclature has been misinterpreted to imply that the original studies
investigated the flow of Ca*+* through the cell membrane.

Calcium is involved in many imporant physiological functions. Effects influencing Ca*+
function in virre could therefore possibly be of significance if the effect also occurred in vive
(i.e., animals or humans). Only one study has reported evidence of an effect on Ca** in vive, in
that study cats were exposed to a strong radiofrequency field modulated at 16 Hz and did not
show a difference in average “efflux” rates between exposed and nonexposed preparations, only
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a difference between standard deviations (i.e., “noisiness” of measurement values) (Adey, et al.,
1982). Interpretation of effects not involving changes in mean values is problematic, and is not
normally considered in most bioeffects studies.

A puzzling aspect of the so-called calcium efflux studies is that some effects are claimed to
be related to certain frequency and amplitude “windows” of the fields. For example, the so-called
calcium efflux effect is most pronounced at 16 Hz, which was originally interpreted as being in
the natural frequency band of the EEG of the animal being studied (chickens) (Bawin et al.,
1975). Some in vitro studies on frequency-specific responses have shown effects at specific
frequencies (including modulation frequencies of RFR carriers), but not others. Other, in vivo
studies on amplitude-specific responses have shown that hormone response of rat adrenal tissue
was affected by a 60-Hz field of 10 kV/m, but not by fields of 5 kV/m, 100 kV/m, or 1000 kV/m

(Lymangrover et al., 1983).

One mechanism, ion cyclotron resonance, was proposed to explain the frequency-dependent
effects of H-field exposure on calcium efflux (McLeod and Liboff, 1986; Liboff and McLeod,
1988). This hypothesis started with the proven basis that Ca*+ moved through the cell membrane
via specialized channels. The hypothesis speculated that by controlling the “tuning” of externally
applied ac and dc H-fields for the Ca**, specific “gating” of ion flow might occur. Such a
proposition was counter to the evidence from earlier (chick-brain) calcium efflux studies in
which cyanide was used to poison the preparation and prevent transmembrane phenomena. The
calcium efflux effect still occurred when cyanide poisoning was used, leading the investigators to
conclude that the phenomenon was mediated on the outer surface of the chick brain cells (Bawin
et al., 1975), not via transmembrane phenomena.

Notwithstanding this earlier evidence, in one study the cyclotron resonance model was used
successfully to predict experimentally observed resonance leading to an observed effect on the
behavior of unicellular diatoms (Smith et al., 1987). In a study using turtle colon cells, resonance
conditions did not result in predicted effects on sodium ion movement (Liboff, 1988).

The Liboff and McLeod ion cyclotron resonance hypothesis was criticized by Halle (1988)
on the grounds that it violates the laws of classical mechanics. Halle pointed out that certain
parameters were severely underestimated in the model and that errors had been made in its
formulation. He further demonstrated that the corrected model was untenable.

Adey (1988) and Grattarola et al. (1985) discussed mechanisms by which weak E- and H-
fields could affect cell membrane functions. The cell membrane consists of a lipid bilayer with
numerous imbedded protein structures. These may protrude outside the membrane into the
extracellular (and intracellular) spaces. In the extracellular space, the protein structures are in
intimate contact with the chemical and electrical environment of the narrow channels
surrounding cells (Adey, 1988). Ends of the protruding protein strands include receptor sites for
antibodies, hormones, neurotransmitters, etc., and may be negatively charged. Various ions,
including Ca*+, also bind to these receptors, resulting in changes “signaling” the presence of a
stimulus. Biochemical amplification of the stimulus effect frequently occurs causing changes
- within the cell that depend on the type of antibody or hormone stimulus.

The authors above believe that external E- or H-fields induce weak extracellular electrical
currents flowing in the intercellular space and give rise to this signal-coupling and transduction
process. This theory is not proven, despite the elaborate theoretical models.



A growing number of in vitro studies are investigating the possible influence of E- and
(more recently) H-fields on tumor promotion, including cancer. One model of tumor
development involves at least three stages — initiation, promotion, and progression. Tumor
development caused by X-rays and certain chemicals seems to follow these stages. Studies to
date have not found damaging effects of 60-Hz fields on DNA in cells. (This is the effect thought
to cause tumor initiation.) Therefore, it seems unlikely that 60-Hz fields could initiate tumors or
cancer. However, some in virro studies suggest that the fields may in act as promoters, increasing
the chance of tumor formation following initiation by some other agent.

One study found that the growth of human tumor cells in vitro was significantly increased
following 24-hour exposure to a 60-Hz H-field of 1000 mG and an E-field of 30 kV/m (Phillips
and Winters, 1987). When this study was repeated in research sponsored by the State of New
York, the findings were not supported (Ahlbom et al., 1987).

Another study reported that 60-Hz E-fields (10 mV/m to 1 V/m in the medium,
corresponding to several kV/m outside) caused an increase in activity of ornithine decarboxylase
(ODC), an enzyme associated with cell growth that is also increased by all known chemical
tumor promoters (Byus et al., 1987). However, other chemicals that are not tumor promoters can
also cause increases in ODC. Therefore, this study is inconclusive. It did suggest to the
researchers that E-fields may act as tumor promoters, but the study may not be relevant because
of the field levels involved.

Lyle et al. (1988) showed that a 48-hour exposure to a 60-Hz E-field (1 V/m in the medium,
corresponding to tens or hundreds of kV/m outside) resulted in a marked inhibition in the ability
of lymphocytes to kill cancer cells in vitro. This inhibitory effect dropped to zero when the field
was reduced to a level comparable with the maximum field that humans could be exposed to in
the vicinity of power transmission lines. In addition, the researchers pointed out several reasons,
separate from the exposure scaling consideration, why the results of their in vitre study could not
be extrapolated to humans.

V.D.3.4 Epidemiologic Studies

Although some epidemiologic studies of power line field effects on humans have reported
positive findings, the findings are open to question because not all of the criteria because of
methodological deficiencies. Additional problems include: (1) relative risks that are sufficiently
low (1.5-3.0) that epidemiology becomes a very coarse tool and (2) the fact that as exposure
assessment becomes increasingly refined (thereby reducing misclassification), we fail to observe
increased relative risks, as conventional epidemiologic wisdom would have us believe. In these
circumstances, the positive studies may be said to be suggestive of an effect, but can never prove
that it does (or does not) exist. Thus, the most important conclusion that can realistically be
drawn is the need for more (and better) studies, particularly on mechanisms of biologic
interaction.

Most people in modern society are normally exposed to E- and H-fields, either in the home
from household wiring and appliances or at work from office or factory systems. Indeed, it
would seem difficult to find large numbers of persons who do not receive E- and H-field
exposures. For this reason, studies are often carried out that compare human populatons
identified as having “normal” exposure levels with populations presumed to have “above-
normal” exposures.
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Persons assumed to have above-normal exposures include those exposed by virtue of their
occupation (e.g.. utility linesmen, electrical switchyard workers), or in certain residential
situations (e.g., residents of houses adjacent to high-voltage power transmission lines, those who
sleep in electrically heated beds). Virtually all occupational studies have used job title as a
surrogate exposure index.

An early French study (Strumza, 1970) reported that families living within 25 m of
transmission lines sought medical consultation and bought medical supplies on the average about
as frequently as families living more than 125 m away from such lines.

An English study (Reichmanis et al., 1979; Perry et al., 1981) reported a correlation between
suicides and weak ac H-fields. Suicides over a 7-year period were related to the ac H-field
measured near the front door of residences. The mean ac field for suicide residences was 0.87
mG, whereas that of control residences was 0.71 mG. It is difficult to give credence to these
findings because of the closeness of the measured average field values and because the
measurements were made at the doors of the residences. Other reasons for discounting this study
are: (1) lack of a defensible apriori hypothesis; (2) the suicides occurred over an extended
period, during which magnetic field levels could change due to changing load patterns; and (3)
the cases had to live in their residence for only 14 days before their suicide. With the complex
pathology of suicide, the latter requirement is absurdly short. A later large-scale, well-done
British study (McDowall, 1986) found no indication of an association between suicide and
proximity of residences to power lines or substations.

Perry and Pear] (1988) measured 50-Hz H-field strength in multistory buildings in Great
Britain. Those who lived “near” power cables averaged exposures of 2.9 mG; those “distant”
averaged 1.12 mG. No statistically significant differences were found between the two groups for
illnesses involving pregnancy, cardiovascular disease, pediatric problems, malignancy, or
psychiatric problems. The researchers said that their findings were not conclusive about an effect
of H-fields (presumably because of the small values of the fields and the relatively small
difference between exposure values of the two groups).

Severson et al. (1988) carried out a case-control study of 114 cases of adult acute
nonlymphocytic leukemia and 133 controls with estimated and measured residential exposure to
power-frequency magnetic fields in western Washington state. Magnetic field exposure was
estimated from external electrical wiring configurations within 140 ft of each subject’s residence:
Magnetic fields were also measured inside each subject's residence at the time of interview.
There was no consistent evidence of an increased risk of acute nonlympocytic leukemia
associated with residential exposure to power-frequency magnetic fields, either from directly
measured fields or from the surrogate values based on the wiring configurations.

Wertheimer and Leeper (1989) provided a reanalysis of Severson et al. (1988) that
supposedly resulted in a strengthening of the association between acute nonlymphocytic
leukemia and residential exposure to magnetic fields. Severson et al. (1989) responded that the
post-hoc analyses were scientifically inappropriate and led to erroneous conclusions, and in any
case indicated, “if anything, risk decreases somewhat as exposure increases.”

The first study to suggest an association between childhood cancer and power-system
magnetic fields was a case-control study in the Denver, Colorado metropolitan area (Wertheimer
and Leeper, 1979). Residences of persons who died of cancer before age 19 in the greater Denver



area were compared with a group of control addresses. In-home exposure was assessed on the
basis of the apparent (to an observer of the home) current-carrying capacity of nearby
transmission and distribution lines and the distance of the home from these facilities. The authors
found that children who died of cancer were 1.6-2.2 times more likely to have lived near high-
current-configuration power lines than were the children without cancer. The Wertheimer and
Leeper study was subjected to considerable scrutiny. Among the limits of the study were: biases
due to survival aspects introduced by including only cancer deaths rather than all cancers
diagnosed; the bias introduced by residential mobility (the study examined only the address at
time of death, not when the cancer was first diagnosed); the validity of estimating exposure
inside the house from the appearance of outside wiring (rather than measurement of fields); and
the failure to account for other, possibly confounding, factors.

Four other studies on childhood cancer were undertaken. Two of them (Fulton, et al., 1980;
Myers, et al., 1988) found no association between leukemia and estimated exposure to H-fields.
The other two found positive results. The first of the studies reporting positive results considered
children diagnosed with cancer in Stockholm County, Sweden, from 1958-1973 (Tomenius,
1986). The authors reported more electrical installations near dwellings of children with cancer
than for a control group. H-fields of 3 mG and higher were found twice as frequently at cancer-
incidence dwellings than at control dwellings. However, the author pointed out that this finding
was statistically significant only for this (arbitrary) 3 mG cut-off point. Above or below that
level, differences were statistically nonsignificant. The average H-field for all cancer-incidence
and all control homes was identical (0.7 mG). The author concluded that the findings suggested
an effect, but that the results might be due to other factors.

The second study with positive results (Savitz et al., 1988) was designed essentially to
repeat the methods used by Wertheimer and Leeper (1979), but with correction of several
weaknesses in the earlier study. The Savitz study included actual measurements of E- and H-
fields inside study homes. It confirmed that there was some correlation between the Wertheimer
and Leeper wiring-code classification and childhood cancer, but the correlation was only
marginally statistically significant. When actual H-field measurements were used, that statistical
significance disappeared. Four hypotheses have been advanced to explain the higher association
observed with wire codes than with measured fields: (1) wire codes may better reflect long-term
time-averaged magnetic flux density than do point-in-time measurements; (2) wire codes may be
an index for some other characteristic of magnetic field exposure not captured by present
measurement protocols (e.g., transients, intermittents); (3) wire codes may serve as an index for
some other causal exposure (e.g., traffic density); and (4) the results may be artifactual due, for
example, to socioeconomic bias introduced when using random-digit dialing for control
recruiting. Thus, it remains unproved that the H-fields per se caused or promoted the childhood
cancers.

In reviewing these studies for the New York State Power Lines Project, Ahlbom et al.
(1987) stated that although there is some consistency among the results, the data are insufficient
to conclude that exposure to H-fields increases the risk of childhood cancer.

London et al. (1991) used a population-based tumor registry for Los Angeles County,
California, to identify 232 children, ages from birth to 10 years, diagnosed with leukemia
between 1980 and 1987. These cases were carefully matched with 232 paired controls. London et
al. obtained measurements of magnetic field in the child's bedroom over 24 hours or longer for
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164 cases and 144 controls, spot measurements of magnetic and electric fields for 140 cases and
109 controls, and wiring configuration estimates for 219 cases and 207 controls. No clear
associations between leukemia risk and actual measured magnetic or electric fields were seen.
An association between leukemia risk and the Wertheimer-Leeper wiring configuration was
observed (Odds Ratio = 2.15). The authors concluded that their results supported an association
between childhood leukemia risk and wiring configuration but not between childhood lenkemia
‘risk and direct measurements of electric and magnetic fields.

As reported by Singewald et al. (1973), occupational health studies were first performed in
the early 1960s on 10 linemen who routinely performed “hot-line” maintenance on 345-kV
transmission lines. They were given complete physical examinations over a 42-month period. No
significant health changes of any kind were found. The linemen were further observed by a team
of physicians over a 9-year period. The physicians reported that the exposure to the fields from
high-voltage transmission lines caused no long-term health effects in this small sample group.

At a 1975 US/USSR symposium, Lyskov et al. (1975) reported that some workers in
extremely high-voltage (EHV) substations had experienced problems that might be attributed to
long-term field exposure. The Soviets also conducted studies of the families of men working
around substations and 330- to 750-kV lines (Savin et al., 1978), but they found no effects linked
to field exposure for male/female offspring ratios, miscarriages, stillbirths, or hereditary
illnesses.

The Soviet reports prompted two Canadian studies, one on those working in 735-kV
substations (Roberge, 1976) and the other on men working around transmission lines up to 500
kV and in electrical switchyards and substations (Stopps and Janischewskyj, 1979). No health
effects were found that could be related to 50/60-Hz electric-field exposure. (Magnetic-field
exposures were not addressed.)

Similar negative findings for health effects were obtained by Malboysson (1976) for Spanish
men working in electrical substations and near high-voltage lines up to 400 kV, and by Knave et
al. (1979) for Swedish workers in 400-kV substations.

A larger Swedish study (Nordstrom et al., 1983) examined 542 electrical workers. Of these,
20 showed a slight tendency for increased chromosome damage in blood lymphocytes. A
comparable study in Germany found no significant difference in the frequency of the
chromosome breaks of 32 workers who had been exposed for more than 20 years to 50-Hz fields
of up to 12 kV/m in 380-kV switchyards (Bauchinger et al., 1981).

In a follow-up to the Swedish study of chromosome breaks, Mild et al. (1982) reported that
damage could occur in leucocytes as a result of high-voltage pulses that simulated spark
discharge shocks sometimes received by substation workers. This explanation was given further
credence by Nordenson et al. (1984), who showed that spark discharges increased the frequency
of chromosomes breaks in the human blood samples used in their experiments, but that 50-Hz
current (similar to that induced by field exposure) in the samples did not.

Broadbent et al. (1985) conducted an occupational health study in England and Wales. The
study was based on health questionnaires (no medical examinations) administered to 390 high-
voltage-line workers. Differences in health measures were found to be associated with such
factors as working overtime, working alone, and change in shifts. No significant correlations
were found between health measures and 50-Hz E-field exposure.
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Milham (1983, 1985) analyzed the information on age and year of death in Washington
State of 429,926 male decedents for 1950-1979 and 25,066 female decedents for 1974-1979 and
presented cause-of-death analyses (160 causes) for 219 male and 51 female occupational
categories. One finding was an increase in leukemia in workers exposed to electric and magnetic
fields. The 1983 study (a technical report from which the 1985 paper was derived) is reviewed
and critiqued in detail in Section 3.1.1 of Appendix B. That critique indicated there are numerous
reasons why little credence can be given to the author’s claim that the higher proportional
montality ratios (PMRs) for acute leukemia and all leukemia are associated with exposure to
electric and magnetic fields.

On its own, Milham's study did not provide convincing evidence. However, Milham'’s
reports prompted other epidemiologists to look at occupational data in their locales. In
California, Wright et al. (1982), reported a trend for increased leukemia incidence in men in 11
electrical occupations in Los Angeles County. Calle and Savitz (1985) calculated PMRs for
Wisconsin men using the same 10 electrical occupations as Milham (1982). No significant
excess in leukemia mortality was found, although PMRs were elevated for electrical engineers
and radio and telegraph operators. Savitz and Calle (1987) also performed an analysis by
combining their results with 10 other cancer studies that had used Milham’s occupational studies.
The combined analysis resulted in a statistically significant 1.2- to 1.5-fold risk for various types
of leukemia for telegraph, radio, and radar operators; power and telephone linemen; and
clectrical and electronic engineers. However, there are several weaknesses in these
epidemiologic studies (Jauchem and Merritt, 1991): (1) associations, where they are seen at all,
are weak (risk ratios of 2-3 at most), numbers of cases are small, and positive results are
frequently at the limits of statistical significance; (2) exposure estimates are crude, based either
on job categories, surrogate measures such as wiring configuration, or on a limited number of
field measurements; (3) potential exposures to other carcinogenic or genotoxic agents in
occupational studies are not well characterized or controlled for; (4) dose-response relationships
are generally not observed; and (5) weak statistical analysis and experimental design flaws
characterize many of the studies.

in a review of similar research, Coleman and Beral (1988) concluded that, taking all of the
studies at face value, certain electrical workers seem to have about an 18% average increase in
risk for Jeukemia. However, in the absence of other information such as exposure assessment and

more rigorous analysis for other confounding factors, the cause or causes of the increased risk
could not be determined.

In a case-control study, Thomas et al. (1987) assessed brain tumor risk associated with
electrical and electronics jobs and with occupational exposure to ELF or microwave and
radiofrequency radiation in 435 white men who died of a primary brain tumor and in 386
controls who died from other causes. Information on lifetime occupational history and other
factors that might be related to excess brain tumor risk was obtained from interviews with next-
of-kin. Thomas et al. reported that among electricians and power and telephone linemen
combined (electrical tradesmen) who “are exposed to extremely low frequency electromagnetic
radiation,” relative risk (RR) for astrocytic tumors was slightly elevated, but was not statistically
significant. This study therefore does not provide evidence that exposure to power line-frequency
fields is associated with an increased risk of astrocytic or other brain tumors.



Matanoski et al. (1991) reported an excess of breast cancer in male telephone company
workers having “histories of potential EMF exposure.” Although the standardized incidence ratio
(SIR) was 6.5, this finding was based on only two cases. The lower value of the confidence
interval of the SIR was 0.79. In addition, the authors emphasized that the cases, employed as
central office technicians, had a qualitatively different exposure from other technicians, who did
not have breast cancer and whose major source of exposure was nearby 60-Hz ac currents. By
contrast, the cases were exposed to “a fluctuating exposure pattern ... produced by the rapid
switching environment” of electromechanical switches, “until the 1980s, the predominant
technology in telephone switching offices.” This study therefore seems to indicate that it is not
the 60-Hz magnetic fields that are associated with incidence of male breast cancer, but rather
unspecified fields from electromechanical switches. Matanoski et al. (1991) suggested that the
report by Tynes and Anderson (1990) of an increase in the SIR for male breast cancer in
clectrical transport workers may also be due to “the magnetic environment around electric
railway cars [that] may also be unusual when compared with the common 60 [sic] Hz ac
currents.” (Sweden uses a 50-Hz power system.) Neither study therefore provides evidence that
60-Hz magnetic fields per se cause male breast cancer.

Several studies have examined associations between the use of electric blankets or electric
heaters (waterbed heaters or ceiling cable electric heat) and the occurrence of health effects.
Wertheimer and Leeper (1986) conducted telephone interviews with 1318 families in the Denver,
Colorado, area. Subjects were identified by published birth announcements. Additional
information was obtained from birth records. Analysis of their data led Wertheimer and Leeper
to report seasonal patterns in cases when electric blankets or heated waterbeds were used. For
this group, for conceptions occurring from September through June, the gestation period was
approximately 1 week longer than for conceptions in July and August. Miscarriages and
spontaneous abortions were also stated to be more frequent in this group than in the nonuser
group. Wertheimer and Leeper suggested that these findings could be related to field exposures,
or, alternatively, to heat from the electrically heated beds.

Wertheimer and Leeper (1989) elaborated on the 1986 study in an attempt to determine
whether heat or 60-Hz fields was the primary influence on the seasonal differences in fetal loss.
They studied women in Eugene-Springfield, Oregon; one group lived in homes with ceiling
cable heat, and the other lived in homes with electric baseboard heat. The cable-heated homes
reportedly had H- and E-field strengths of about 10 mG and 10-50 V/m, respectively. The
baseboard-heated homes had field strengths of about 1 mG and 10 V/m, respectively. They found
no difference in the ratio of fetal losses to live births for the two groups of women.

Preston-Martin et al. (1982) studied whether there was a possible association between
electric blanket use and myelogenous leukemia, a disease of the elderly who might be assumed to
have greater lifetime exposure from more years of electric blanket use. They conducted
telephone interviews of 224 cancer patients and matched controls in Los Angeles, California, to
ascertain their use of electric blankets. No differences were found in the percentages of cases and
controls in their use of electric blankets.

Two studies sponsored by the New York State Powerlines Project also included questions
about the use of electric blankets by the subjects. Savitz et al. (1988) reported that only 5% of the
case and control children in his study used electric blankets. Although children with cancer were
1.5 times more likely to have used electric blankets than controls, the ratio was not statistically

70




significant because of the small number of subjects involved. A study by Severson et al. (1988)
in Seattle found no association between use of electrically heated beds and adult leukemia.

V.D.4. Findings

V.D4.1 Laboratory Animal Studies

Laboratory animal research has not demonstrated that 60-Hz E- and H-fields pose a hazard
to human health. Problems with this entire body of research include: (1) inconsistent research
findings, (2) uncertainties about the mechanisms for claimed effects, and (3) inherent problems
in extrapolating results from animal experiments to humans. The implications for human health
of alterations in melatonin and certain neurotransmitter levels are unclear and are being
investigated further.

V.DA4.2 Tissue and Cellular Studies

The major observation emerging from in vitro studies of cell and tissue preparations is that
the reported effects exhibit a variety of exposure-response relationships. Some of the claimed
effects seem highly questionable (e.g., those based on ion cyclotron resonance phenomenon
through cell membranes). Other studies, in particular those investigating “calcium efflux” in
chick brain preparations, postulate “window” responses (i.e., stronger fields have less effect than
weaker fields). Although some scientists accept the findings of the calcium efflux studies, other
scientists are skeptical about the findings and, indeed, all of the mechanistic work remains
contentious to many bioelectromagnetics researchers. In any event, even if such effects do occur,
no evidence exists that they are hazardous. Likewise, studies that purport to show mechanisms
for tumor promotion by E- or H-fields have not been replicated or are considered unconvincing.

V.D4.3 Epidemiologic Studies

Several studies among the many epidemiologic studies conducted to date have investigated a
possible association between childhood cancer and power line H-fields and reported positive
results. Only one study reported a possible association between adult cancer and power lines.
About half of the approximately 30 studies in the scientific literature relating “electrical
occupations” and cancer incidence or mortality claimed some statistically significant elevated
risks.

The cancer types most frequently mentioned were leukemia and brain tumors. However,
when each study is critically assessed, numerous technical, methodological, and interpretive
questions remain, casting doubt on the validity of the study’s conclusions. For example, actual
exposures were either unknown or crudely estimated; subjects may have been exposed to other
noxious or toxic agents; and the relative risk ratios were all small by standard epidemiologic risk
criteria.

In spite of all the study design, analysis, and interpretation problems mentioned above, in
this body of epidemiologic research half the studies report positive findings, and they cannot be
dismissed. The occupational data are of concern and need further exploration. Given their
methodological problems, the most that can be said is that the studies do not convincingly indict
power-system electric and/or magnetic fields as a causal factor.
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The studies to date do not provide sufficient evidence that power-line fields are associated
with any adverse effects on general health, reproduction, or the induction of cancer. However,
the consensus is that additional epidemiologic studies designed to address and correct
shortcomings of previous studies are warranted. A further impediment to the scientific credibility
of the causal relationship implied in the epidemiologic studies is the lack of any generally
accepted mechanisms of biologic action mediating cancer promotion by magnetic fields.

vV.D.4.4 Overall Conclusion on the Basis of the Scientific Review

Laboratory research has not demonstrated that power-line fields pose a human health threat.
Some epidemiologic studies have reported associations between health effects and assumed
exposure, but because of the methodological difficulties inherent in such studies, the validity of
the findings has not been convincingly demonstrated. Nevertheless, further research is warranted.

Although the occurrence of health effects from exposure to power line fields is
controversial, the requirements for siting the WSR-88D are such that the power lines serving the
radar sites are not expected to create new exposures to power line fields. The WSR-88D sites
will draw power from existing distribution lines, and extension of existing lines is generally
expected to be necessary only in unpopulated or very lightly populated locales and therefore will
probably not be near homes or businesses.

V.D.5. 60-Hz Safety Standards

There are no federal standards or guidelines for human exposure to 60-Hz electromagnetic
fields. Several private organizations and states have adopted guidelines for human exposure to
60-Hz fields.

The American Conference of Governmental Industrial Hygienists (ACGIH) in 1991
recommended that occupational exposure to electric fields not exceed 25 kV/m and that magnetic
fields not exceed 10 G (10,000 mG). These values are guides, not strict delineations between safe
and unsafe exposures.

The International Radiation Protection Association (IRPA) published interim guidelines for
exposure to 50 and 60 Hz fields in 1991. For electric fields, IRPA recommends that short-term
public exposure not exceed field levels above 10 kV/m and that continuous (24 h/d) exposure not
exceed field levels of 5 kV/m. The IRPA guidelines for H-fields recommend against short-term
exposure to field levels above 10 G (10,000 mG) and continuous exposure to field levels above 1
G (1,000 mG). Australia has adopted the IRPA guidelines.

The Delmarva Power Company, which serves all of Delaware, has established the following
limits for field levels at the edge of rights-of-way (ROWs) for 69-kV transmission lines: E-field,
2 kV/m; H-field, 200 mG (EPRI, 1991).

Table V.3 lists limitations adopted by some states to protect public health from exposure to
60-Hz E- and H-fields. Most states have not adopted limitations on E- and H-fields. These
limitations generally apply to either fields measured at a height of 3.3 ft (1 m) above the ground
at the edge of the power line ROW or to the maximum allowable value anywhere within the
ROW. Brentwood, Tennessee has adopted a local ordinance restricting “spillage of EMFs
associated with ... transmission lines” to 4 mG at the edge of ROW (EPRI, 1991).
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The maximum levels expected directly below the WSR-88D power lines will be about
15 mG (H-field) and 1 V/m (E-field). Limitarions adopted by states for power-line E-fields range
from 1 to approximately 12 kV/m, or roughly 1000 to 10,000 times greater than the maximum E-
field that WSR-88D power lines will generate. Limitations for H-fields adopted by states range
from 150-200 mG at th edge of the right-of-way, or roughly 10 times the maximum H-field that
WSR-88D power lines will generate. The WSR-88D power line H-field levels will be somewhat
larger than average H-field levels of 0.5-10 mG in residential settings (EPRI, 1991). However,
most individuals, when near appliances, are frequently exposed to 60-Hz H- and E-fields that are
stronger than the fields generated by the WSR-88D power lines.

Table V.3

STATE LIMITATIONS ON POWER-LINE
ROW E- AND H-FIELDS

Standards
State Electric Magnetic
{kV/m) (mG}

Florida 2 150-200"
Minnesata B e
Montana 1 —_
New Jersey 3 —
New York 1.6-11.8" 200
Oregon 9 —

Source: EPRI, 1991
*Varies with the size of the power line

V.E. ELECTROMAGNETIC INTERFERENCE AND HAZARDS TO SYSTEMS

V.E.1l. Introduction

This section discusses the potential electromagnetic effects of the operation of a WSR-88D
radar on other systems and activities. These other systems include some that use the
electromagnetic spectrum, as well as others that are not designed to be users of the
electromagnetic spectrum but may nevertheless be susceptible to radiated energy. The first group
includes telecommunication and radionavigation systems, which are designed to sense
electromagnetic energy. The second group includes cardiac pacemakers, fuel handling, and
electroexplosive devices (EEDs), which may inadvertently respond to the radar energy.

To estimate the likelihood that an emitter of electromagnetic fields will interfere with some
other system requires knowledge of the operating characteristics of both systems and of the
means by which the electromagnetic energy is propagated from one to the other. 1t is commeon to
speak of the threshold of susceptibility for a system that is subject to interference. It is the lowest
level of undesired signal that will cause some perceptible effect on the susceptible system (or
activity).
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Typically, the threshold of susceptibility must be determined separately for each pair of
interfering and potentially interfered-with systems, primarily because the threshold of
susceptibility depends not only on the power density of the undesired signal at the potentially
susceptible system (and therefore on the distance between them), but also on the frequency of the
undesired signal and the characteristics of its modulation. Theory is useful in predicting likely
modes of interference, and it can go far in helping to predict thresholds of susceptibility.
Measurements, however, are often needed when theory is insufficient or to confirm theoretical
results. Each new situation is usually unique in some way, and susceptibility thresholds
applicable to that situation are often unavailable.

Susceptibility levels are either educated judgments or are based on measurements of only a
very few units, generally selected in the hope that they are representative or typical. However,
the units could be either more or less susceptible than the entire population of units of that type.
The variation in the susceptibility levels of all the units of a type (taken as a group) may be quite
large, but the variation is generally unknown. In addition, circuit designs change, and the
susceptibilities of the systems change with them. The nature of RF propagation over irregular
terrain is such that the level of the interfering signal will not be the same at all locations at the
same distance from the source. At a given location, the level varies with time, and thus the use of
expected, or median, values is common. That is also true of the desired signals, when they are
applicable.

In some situations, it is not necessary to determine actual susceptibility; standards for
maximum fields have been established so that the devices or systems are said to be safe if that
field is not exceeded. Such is the case for EEDs and fuel handling.

Each WSR-88D site will differ from the others in terms of the numbers, types, locations, and
operating frequencies of other nearby potentially affected systems. The operating frequency of
each WSR-88D installation will be selected to reduce the likelihood of mutual interference
between it and the other users of the radio spectrum.

At some WSR-88D locations, the unit and the principal user facility will not be collocated,
and information will have to be passed between them using T1 communications links or
microwave-line-of-sight (MLOS) links. MLOS links will be used only at Los Angeles, CA;
Medford, OR; Missoula, MT; and Oklahoma City, OK. MLOS units will generate a signal 1000
times weaker than the WSR-88D signal. Thus, no effects will result.

Transmitters often radiate some power on frequencies, called harmonics, that are integer
multiples of its fundamental frequency. (The second harmonic of a radar operating at 2800 MHz
would fall at 5600 MHz and could potentially interfere with some other radar operating at 5600
MHz.) For that reason, some care will be taken when selecting the operating frequency of each
WSR-88D to note whether any local systems operate on the WSR-88D harmonics and whether
WSR-88D would operate on the harmonics of other local systems. As an example, the WSR-88D
third harmonic could fall on a frequency used by the FAA for radar microwave links (RMLs).
Katz et al. (1982) point out that interactions between the RML and the WSR-88D may occur if
the WSR-88D frequency’s third harmonic is the same as the operating frequency of an RML
facility located in the immediate vicinity.

Transmitting systems can radiate noise and spurious signals that are generated somewhere
within the transmitter and are far from the operating frequency. These will be at a very low
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power level relative to the intended signal. For WSR-88D they will be at least 80 dB (a factor of
100,000,000) below the WSR-88D main beam power level and are often as far as 115 dB (a
factor of 300,000,000,000) less powerful.

V.E.2. Interference with Other Radio and Radar Systems

V.E.2.1 Broadcast Radio and Television

Like all the other radars currently operating in the 2700- to 3000-MHz band, each WSR-88D
radar may interfere with the reception of broadcast TV and radio in its immediate vicinity. When
present, such interference is heard on the radio as a buzz at the radar’s PRF (somewhere between
318 and 1304 pps for WSR-88D). As the radar antenna rotates, its beam is scanned past the radio
receiver; given the pattern’s lobing structure, the buzz becomes periodically more and less
noticeable, sometimes disappearing entirely. Radar interference with television appears as dots
on the screen. The presence or absence of the interference depends not only on characteristics of
the radar, but also on the characteristics of the particular radio or TV receiver, and on the
frequency and signal strength of the potentially interfered-with signal.

The extent to which WSR-88D may interfere with TV reception has been investigated by
Kenney and Koppenhaver (1989). They calculated the interference susceptibility of typical
television receivers. They also made calculations similar to those presented here of power levels
generated by a WSR-88D unit. Interference predictions based on these calculations were
compared with measurements on three television receivers. The tests were made at Norman,
Oklahoma, on August 18, 1989. The television units tested were a 19-in. Daytron, a 25-in. Sharp,
and a 12-in. black-and-white Panasonic. A laptop personal computer (PC), Zenith Supersport
286, and a camcorder were also tested. The power level of the WSR-88D transmitter was typical,
but abnormal beam angles were used to obtain worst-case conditions. The distance was 2427 ft,
and the frequency was 2995 MHz.

These tests indicate that television interference is unlikely, even at homes within a few
hundred feet of a WSR-88D because the main-beam power remains substantially above the
height of typical television antennas. Potential interference with residential radio sets was not
investigated. However, the insensitivity of television receivers, which operate at higher
frequencies than AM or FM radio suggest that radio interference is improbable. Results of these
tests are summarized below:

1. During a normal 6-min WSR-88D scanning operation, using Volume
Coverage Pattern 21, no interference of any kind occurred for any of the
television sets, the PC, or the camcorder.

2. During a 1-min, 1 rpm, azimuth scan with antenna at an elevation of -0.5° (a
condition not normal for WSR-88D) the color television sets experienced
interference for just a fraction of a second. This slight interference was not
objectionable.

3. The black and white television set was not affected by WSR-88D interference
during the entire test.

4. The laptop PC experienced no interference.
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5. The WSR-88D interfered with the audio and video circuits of the camcorder
when the circuits were subjected to a field strength of 126 V/m.

6. The remote control functions of the Sharp television would not function
properly when subjected to a field strength of 126 V/m.

The potential for significant interference with radio and television reception is extremely
low - a finding supported by the experience to date with the Melbourne, Florida, WSR-88D.
Operation of that unit, which is within several hundred feet of a residential subdivision, has not
resulted in reports of interference.

V.E.2.2 Other Radar Systems

The 130 WSR-88D radars will share the band between 2700 and 2900 MHz with more than
600 other radars in the United States operated by FAA, the military, and NWS. Because some
will be replaced by WSR-88D installations, the total number in service will remain about the
same.

These radar systems are used for airport surveillance, airport ground-controlled approach,
tracking weather features, and the like. Although a radar is commonly said to use a particular
frequency, that is only the radar’s center frequency; each radar actually uses a portion of the
spectrum extending both above and below its center frequency. For example, the emission
spectrum of an ASR-8 airport surveillance radar extends, at low levels, at least as far as 100 MHz
above and below the radar’s center frequency; however, the energy there is less than
1/100,000,000 as great as at the center frequency. Fortunately, these weak and dispersed signals
do not seriously interfere with other nearby radars. Thus, more than 20 radars in the Los Angeles
area now occupy the 2700-2900 MHz frequency band without serious interference.

Sangston and Schwartz (1984) and Edson (1984) analyzed the potential for interference
between WSR-88D and other radars occupying the same or adjacent frequency bands. They
made extensive calculations of the power spectra emitted and of the potential vulnerability of the
radars involved. They also considered the possibility of front-end burnout if nearby radars point
their antennas directly at each other. The Sangston and Schwartz report contains frequency-
distance curves for a large number of radar combinations that indicate the frequency difference
required to prevent interference between a particular pair of radars separated by a given distance.

The operating frequencies of the 130 FAA and NWS WSR-88D radars will be selected
within the 2700- to 3000-MHz band to minimize mutual interference between each WSR-88D
and the other radars already operating in its vicinity, as well as between adjacent WSR-88Ds. To
prevent interference, a radar can be isolated from another radar by being separated sufficiently
either in operating frequency or in geographical distance, or by an adequate combination of both.
(An intervening mountain range will provide much better isolation than will an equal distance
over flat terrain.) Thus, each installation will present a somewhat similar, but unique, situation.
Where the available combinations of frequency and geographical separation are not adequate,
__special filtering will be required.

As a first step in the frequency selection process for each WSR-88D site the Government
Master File (GMF) is used to identify existing equipment and their operating frequencies in the
2700-3000 MHz band. The second step is the measurement of the electromagnetic environment
that exists at the candidate site. The results of these measurements are compared with those
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predicted from knowledge of assigned sites and frequencies. Using these data the DoD
Electromagnetic Compatibility Analysis Center (ECAC) selects two candidate frequencies with
minimal risk of interfering with or being interfered with by existing systems. Finally, as the time
for installation approaches, JSPO formally applies for permission to use one of the two candidate
frequencies for operation of that particular site.

A large fraction of the designated WSR-88D sites have already been assigned frequencies
that are not expected to interfere with other radars or systems that share the same frequency
band. Results achieved to date indicate that allocation of frequencies for interference-free
operation of the entire WSR-88D network will present no serious problem.

V.E.3. Potential Hazard Effects

This section discusses the potential effects of WSR-88D electromagnetic fields on
equipment other than other radars and telecommunication systems. They are termed “hazard
effects,” because they describe three potentially dangerous situations that high-amplitude
radiofrequency (RF) fields can cause under certain circumstances: (1) accidental detonation of
EEDs, (2) ignition of liquid fuels as they are being handled, and (3) interference with the normal
operation of implanted cardiac pacemakers. In addition to pacemakers, there are other implanied
or attachable medical prosthetic devices; however, because they are principally in the
developmental or prototype stage, little information exists about their susceptibility to
interference. The implantable devices are to have the same resistance to interference as modem
pacemakers (Toler, 1982).

V.E.3.1 Electroexplosive Devices

EEDs are commonly found at military air bases, where they are used 1o activate secondary
explosive charges, to ignite propellant systems, and to actuate switches. They are also used in
some military aircraft to jettison flares and wing tanks while in flight, to release externally
carried missiles, and to activate ejection seats. There are still other applications, and the use of
EEDs on modern military aircraft is common. EEDs are by no means limited to aircraft
applications; a common electric blasting cap is an EED.

All EEDs are ignited electrically and hence are subject to accidental ignition from the
following causes:

» Lighining discharge — Lightning-protective systems are normally provided to
preclude the inadvertent ignition of EEDs by direct lightning strikes.

+  Static electricity discharge — This is a hazard mainly for ground operations.

«  Stray energy, such as transients and other forms of induced conducted energy
from nearby electrical equipment.

= Radiated fields from RF emitters — If the RF field is strong enough, it can
induce currents that will cause the EED 1o fire.

Although EEDs are susceptible to ignition by exposure to radiated fields, the degree of
susceptibility depends on many variables: the sensitivity of the EED; the ability of the EED leads
to capture RF energy; the frequency and power density of the RF energy; and the condition of
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exposure of the EED — whether contained in a shielded canister, mounted inside an aircraft with
shielding provided by the aircraft skin, or exposed to the environment with no shielding present.

Air Force safe exposure criteria are specified by AF Regulation 127-100(Cl), Explosives
Safety Standards, (USAF, 1983). The safety criteria are based on a worst-case situation: the most
sensitive EED currently in inventory, unshielded, and having leads or circuitry that could
inadvertently be formed into a resonant antenna. The criteria apply generally to critical areas
involving explosives assembly, disassembly, testing, loading, and unloading operations, and are
based on the safe, no-fire threshold of the EED. This is intended to be a very conservative safety
threshold, and exceeding it does not imply that the EED will fire. The actual firing threshold of
the EED may be several orders of magnitude above the safe no-fire threshold. Table V.4 shows
recommended maximum power densities at the WSR-88D frequency band, as well as the
corresponding safe separation distances. Some of the recommended maximum power densities in
the table are more conservative (i.e., lower) than the values derived from formulas given in AFR-
127-100 (C1). EED:s are activated by heat and average the input over a substantial fraction of a
second. The pulse duration and repetition rate of WSR-88D are such that the short-term average,
rather than maximum pulse power, is appropriate for calculation of no-fire thresholds.

Table V.4

RECOMMENDED MAXIMUM SHORT-TERM AVERAGE POWER DENSITIES
FOR EEDs AT WSR-88D FREQUENCIES

Exposure

or Storage Maximum Power Denslity

Condition (W/m2) (mMWicm?)
EEDs in exposed condition 31 3.1
EEDs in storage or transport,
in metal containers, leads shorted 100 10

EEDs in storage or transport,
in nonmetallic containers,

leads shorted 100 10
Aircraft parked or taxiing
with externally loaded weapons 100 10

Aircraft in flight with externally
loaded weapons, or shipment of
EEDs inside cargo aircraft 100 10

Source: USAF, 1983.

The most hazardous exposure situation is the handling of exposed EEDs, such as electric
blasting caps, when setting up a blasting operation; this situation, then, rates the lowest
recommended maximum power density and therefore the greatest safe separation distance. Table
V.4 shows that the recommended maximum power density for exposed EEDs at 2.7 GHz, the
lower edge of the WSR-88D band, is about 31 W/m2 (or 3.1 mW/cm?2). Equation 15 of Section
A.7 gives the equation:

78



Us = 2.52 x 106/R2 mW/cm?

as the short-term average power density on the axis of the stationary beam. Substitution of 3.1 in
this equation yields R = 900 ft as the safe separation distance for exposed EEDs that are struck
by the main beam of WSR-88D.

Equation 14 of Section A.7 gives the value Uy, = 3.85 mW/cm? as the short-term average
power density in the near-field column. Because this value is substantially lower than the 10
mW/cm? value given in Table V.3 for all other conditions of EED exposure it follows that no
point within the near field represents a hazard to EEDs unless they are in the exposed condition.

The use and handling of electric blasting caps are specifically addressed in a publication by
the Institute of Makers of Explosives (1981), which may be more familiar or available to civilian
users of blasting caps than the Air Force standard. The publication, which has been approved as a
guide by American National Standards Committee C95 on Radiofrequency Radiation Hazards,
does not provide safe exposure limits in terms of power densities. Rather, it recommends safe
distances from common emitters of RFR; in some cases the distance is given as a function of
transmitter power or effective radiated power (the product of the transmitter power and the
antenna gain). The data in this document regarding radars are quite sparse and deal mainly with
maritime radionavigation radar. The publication’s best advice is:

In cases where an uncertainty exists as to the nature of the radar signal as well
as ground scatter and reflection of the radar signal, a recommended minimum
distance of 1000 ft [about 300 m] should be maintained from the radar
antenna.

This value is only slightly higher than the 900 feet calculated from the Air Force standard. Again,
the WSR-88D radar will generally not be directed downward far enough to illuminate operations
at ground level that close to the radar.

A document by Maine’s Department of Public Safety (Maine, 1976) states that although

The Institute of Makers of Explosives have not found it possible to detonate a
commercial electric blasting cap by means of radar; nevertheless, it is
advisable to keep them out of a radar beam.

Although WSR-88D RFR could theoretically detonate exposed EEDs within the near field,
the EED would have to be illuminated by the main beam. Because the main beam of WSR-88D
will generally not strike the ground in the near field, only airborne EEDs would be at risk. The
likelihood of an airborne EED encountering the main beam is very remote.

V.E3.2 Fuel Handling

Strong electromagnetic fields can induce currents in conductive objects and may produce
open sparks when contact between conductive objects is made or broken. For that reason, there is
concern about the handling of liquid fuel (such as when fueling aircraft) in the presence of strong
electromagnetic fields. The Air Force, in T.O. 31Z-10-4, considers areas where the peak power is
greater than 5 W/cm?2 to be hazardous for refueling operations, regardless of the source of the RF
energy (USAF, 1971).

Because some WSR-88D radars will be situated at airports, the possibility that aircraft or
vehicles being fueled would be subjected to unsafe power densities from the radar alone or from
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the concerted action of WSR-88D and any other operating radars was considered. Equation (9) of
Section A.4 shows 2200 mW/cm?2 as the maximum pulse power in the near field. This is less
than one-half of the S000 mW/cm2 designated as hazardous by the Air Force. Thus, close-in
direct main-beam exposure will not produce a power density hazardous to fuel handling.

V.E3.3 Cardiac Pacemakers

Cardiac pacemakers are potentially subject to EMI, leading to the concern that the WSR-
88D radar could affect pacemaker wearers in the air or on the ground in its vicinity. Whether
WSR-88D will affect a pacemaker depends on the susceptibility of the individual device and on
the level of the WSR-88D signal that reaches it. Although no directly applicable susceptibility
data from which to make predictions of any hazardous regions for a pacemaker owner are
available, the data that do exist suggest that the possibility of harmful interference is remote.

The heart can be considered to be an electrically operated pump. It is a set of muscles that
contracts rthythmically in response to a periodic electrical impulse that originates naturally in a
certain portion of the cardiac tissue. Some who suffer impaired operation of that natural
pacemaker or of the conducting paths in the cardiac tissue rely on an artificial pacemaker, which
supplies the electrical signal to make the heart beat when it should. Hundreds of thousands of
people in the United States have pacemakers.

Four general types of cardiac pacemakers are employed, but by far the most common (80%
to 90% of the pacemakers in use) is the R-wave inhibited type. The R-wave inhibited
(synchronous) pacemaker supplies a pulse only on demand (i.e., when the heart requires it) and is
often called a demand pacemaker. It senses the electrical signal of the main pumping action of
the heart. If that signal fails to occur when it should, the pacemaker supplies the signal to trigger
the heart’s action. Although R-wave inhibited pacemakers are generally more susceptible to EMI
than are other types, great progress has been made in recent years in reducing that susceptibility.

Pacemakers do not fail permanently when exposed to strong RF fields; instead, if the field is
sufficiently intense, they may exhibit one of four types of dysfunction, of which the most
common (for a synchronous pacemaker) is termed “reversion.” This means that the pacemaker
reverts to a benign fixed rate; it is designed to respond to RF by becoming, for the time being, an
asynchronous pacemaker. Reversion is not always even considered a form of dysfunction. In
fact, for purposes of monitoring the pacemaker’s response (and thus the condition of its battery),
it is routine to deliberately cause it to revert to fixed-rate pacing.

The preponderance of the available data on the susceptibility of pacemakers was developed
more than 10 years ago at RFs around 450 MHz or at the ac power frequencies of 50, 60, and 400
Hz. A few measurements were made at frequencies around 3000 MHz. The ac power frequencies
were chosen for experiments because exposure to them is virtually unavoidable; everyone, in
day-to-day living, is exposed to fields or to physical contact with devices radiating at these power
frequencies. For standardized testing, a pulse-modulated 450-MHz signal “was selected as a
compromise frequency that represents good body penetration and has been used by expert
personnel in the field” (AAMI, 1975). Some measurements were made at 3000 MHz, which was
chosen because so many high-powered radars use that frequency. The frequency ranges between
400 Hz and 450 MHz, and between 450 and 3000 MHz, are very large, and few data have been
published on them; the small amount of testing that has been done has typically been undertaken



for special purposes, such as investigating the safety of pacemaker owners in the vicinity of
specific devices or systems.

The modulation of the RF field dictates, in large part, whether and how a field will affect a
pacemaker. Pulse modulation is the form of modulation most likely to affect a pacemaker
because the pacemaker is designed to sense electrical pulses, and a threshold of field intensity
exists above which a given pacemaker will react to external RF pulses. According to Denny et al.
(1977), at low PRFs (less than 10 pps) an R-wave inhibited pacemaker is likely to misinterpret
such pulses as the heart’s normal electrical activity and to become inhibited (i.e., to “feel” that it
should not supply any pulses). At higher PRFs, it is more likely to revert to asynchronous
operation. Long-term inhibition (for durations greater than about five normal heartbeats) may
constitute a health hazard for some owners, whereas reversion to fixed-rate pacing is less serious.

Considerable research was conducted on pacemaker susceptibility to electromagnetic fields
in the mid- and late 1970s, but research in this area has since decreased because a pacemaker
susceptibility standard was developed in 1975 by the Association for the Advancement of
Medical Instrumentation (AAMI, 1975). In accordance with that standard, the pacemakers now
marketed operate in 450-MHz pulsed field-strengths in excess of 200 V/m without being
affected. (Because the body penetration of 3000-MHz fields is less than that of 450-MHz fields,
pacemakers would be unaffected by a 3000-MHz field of 200 V/m as well.) That 1975 draft
standard also requires that the pacemaker be unaffected by unmodulated CW power-frequency
signals directly coupled to the pacer at a 100-mV level. Susceptibility testing has now become
routine, with the Biomedical Research Division of the Engineering Experiment Station of
Georgia Institute of Technology conducting that work for all but one of the major U.S.
manufacturers, as well as for many of the major foreign manufacturers (Toler, 1982). The latest
(November 1981) draft version of the AAMI pacemaker standard (AAMI, 1981) describes
performance tests, but no longer refers to EMI susceptibility testing. According to a cochairman
of the AAMI pacemaker committee, the reference was omitted for commercial and political
reasons. He agrees that the modern pacemakers are almost invulnerable to EMI (Flink, 1982).

Susceptibility levels based on pulsed 3200-MHz tests in 1975 were published by Mitchell
and Hurt (1976). They used a pulse rate of 10 pps, and found that although some of the
pacemakers tested reacted to pulse widths as long as 1 ms, none reacted to pulse widths of 2 ps,
even when the field strength was increased to 1200 V/m — the maximum field strength available
from their equipment. (WSR-88D pulse widths will range between 1.57 and 4.71 ys.) That report
states that the levels reported therein “are believed most representative of the current state of
technology” (for 1975). The report also states that:

if pacemakers were designed and tested to be compatible with the minimum
E-field level, viz 200 V/m, associated with the unrestricted 10 mW/cm?2
personnel exposure level, potential EMI situations would be substantially
reduced or effectively eliminated.

Such a 200-V/m testing level, described in the 1975 draft standard prepared by the AAMI for the
U.S. Food and Drug Administration, is now in use by independent university testing laboratories
working under contract for manufacturers. Thus, the 10 mW/cm?2 threshold is no longer
applicable. However, contemporary pacemakers are far less vulnerable than this standard
implies.
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Both Mitchell (1978) and Denny (1978) suggested that the manufacturers were then
probably meeting the 450-MHz, 200-V/m level in their newer models. The 1975 measurements
reported by Mitchell and Hurt in 1976 indicated that none that they measured were susceptible to
3200-MHz pulsed signals at levels as high as 1200 V/m. Denny stated in 1978 that the 450-MHz
threshold for most of the newly released pacemakers was above 300 V/m. Toler stated in 1982
that none of the pacemakers even then being released were susceptible to pulsed 450-MHz fields
of 200 V/m.

Manufacturers contacted in an informal 1978 survey stated that their newer pacemakers met
the 1975 AAMI draft standard, and one manufacturer said that the manual for a particular model
stated that it had been tested (at 450 MHz) to 295 V/m.

Few if any of the pacemakers described in the literature of 14 years ago are still in operation
because new pacemakers must be implanted when the batteries of the old ones are exhausted;
physicians implant pacemakers less susceptible to EMI.

Pacemakers are not particularly susceptible to signals about 3000 MHz; moreover, the pulse
repetition rate of the WSR-88D radar is much beyond that of a normal cardiac signal, and a
pacemaker does not confuse it with the naturally occurring electrical signals it is designed to
sense. (If a pacemaker reacted at all, it would most likely revert to fixed-rate pacing.) The most
relevant data are that of Mitchell and Hurt (1976), who tested older, probably more susceptible
pacemakers near various types of radars. They stated that WSR-88D-like search radars operating
in the frequency range 2400-2900 MHz *“did not produce any significant pacemaker interference
. . . primarily because such systems were located on a 50-75 ft tower and their operating
frequency is significantly attenuated by the implant.” They also noted that although air route
surveillance radars might “cause many pacemakers to miss single beats as the radar beam scans
past,” this would be “an effect most likely unnoticed” by the pacemaker owner. Thus, although
no directly applicable data on reactions of pacemakers exposed to WSR-88D signals exist, the
available evidence strongly suggests that if reactions occurred, they would be unlikely to harm
pacemaker owners.

V.E4. Overall Conclusion

Because operating frequencies and sites for individual WSR-88D units will be selected to
avoid interference with other radars, the potential for adverse effects on other radars is very low.
WSR-88D signals could cause detonation of EEDs, such as blasting caps, in exposed condition
within 900 ft of the unit, but that is unlikely because the WSR-88D beam will not strike the
ground within that distance. No adverse effects are expected on cardiac pacemakers or fuel
handling operations. Therefore, the WSR-88D system will not cause significant adverse EMI or
hazards to systems.
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VI POTENTIAL FOR SIGNIFICANT
ENVIRONMENTAL IMPACTS

This SEA, which is based on the most recent available scientific information, has
reexamined the potential for the WSR-88D Program to cause environmental impacts in the areas
of RFR and power-line field bioeffects, EMI, and hazards to systems. With regard to RFR
bioeffects, the WSR-88D unit in normal operation will not generate power densities exceeding
standards established to protect human health. Further, there is no reliable evidence that exposure
to RFR levels lower than existing guidelines poses a health threat. The searchlight mode will be
used infrequently, and safety measures will be taken to prevent human exposure to the main
beam of the radar to RFR levels exceeding health standards. Thus, no adverse effect on human
health is expected to result from exposure to WSR-88D RFR.

Cumulative effects, thermal or otherwise, from simultaneous exposure to multiple sources of
RFR are not likely because measurements at WSR-88D sites have shown low levels of
background EMR. Because RFR exposures at levels below established guidelines have not been
shown to cause bioeffects, accumulation of effects from a sequence of exposures at these levels
from any RFR sources cannot occur.

The power lines providing electric service to WSR-88D units are similar to typical
commercial and residential power distribution lines. The maximum electric field levels that they
will generate will be about 0.1% that of state E-field limitations, while the maximum magnetic
field level will be about 10% of state H-field limitations. The WSR-88D power line H-field
levels will be somewhat larger than average residential H-field levels, although not larger than
H-fields near electric appliances. Thus, the WSR-88D power lines will not add significantly to
human exposure to E- and H-fields, and no human health effects are expected to result.

Tests of the WSR-88D unit at the OSF indicate that interference with radio and television
broadcasts is very unlikely. The frequency band for specific units will be selected to avoid
interference with other radars. Additionally, WSR-88D signals will not be a hazard to EEDs, fuel
handling operations, or pacemakers. Therefore, indirect hazards to human health will not result
from EMI caused by the WSR-88D.

With application of measures to mitigate unlikely but possible impacts — incorporation of
safety measures into searchlight-mode operation and proper site and frequency selection —
implementation of the proposed action will not result in significant environmental impacts.
Therefore, JSPO finds that implementation of the WSR-88D Program will not cause significant
environmental impacts.
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APPENDIX A

CALCULATION OF RADIOFREQUENCY RADIATION INTENSITIES

A.l.  INTRODUCTION

In this appendix, an analytic procedure for calculating the intensity of radiofrequency
radiation (RFR) in the vicinity of a WSR-88D radar is developed. Data obtained from the Next
Generation Weather Radar Joint System Program Office (JSPO, 1983) and the National
Telecommunications and Information Administration (Hinkle, 1983) have been combined with
information available in textbooks and technical journals to develop mathematical expressions
and graphical relationships that permit calculation of RFR intensity at specific locations. Because
this document is general rather than specific to a particular site, the treatment is general. The
results are presented in the form of analytic expressions and graphs, which make it easy to
determine values for the peak electric field, maximum pulse power density, and average power
density at selected points in the vicinity of the radar. Power densities at the center of the beam
are also calculated to provide a basis for estimating their effect on personnel, on electrical and
electronic systems, and on birds.

This analytic technique allows predictions that are quite accurate in free space; however, the
results are affected by the presence of the ground and of objects such as trees, buildings, and
power lines. In reality, terrain is irregular, and objects such as trees, buildings, and other
structures are randomly distributed. When they block the line of sight to the antenna, they tend to
absorb, reflect, and scatter the beam. In such circumstances, the strength of the field is lower than
it would be in free space. In other situations, the power reflected from the earth or other objects
adds to that propagated directly, thus increasing the intensity of the radiation. Under
circumstances relevant to a WSR-88D radar, the electric field strength is rarely as much as
doubled in this way. Field enhancement of this kind is much more important in calculations of
maximum electric field strengths and power densities than of time-averaged power densities.

A.2. CONDITIONS AND ASSUMPTIONS

A large antenna that is many wavelengths in diameter produces a radiation field that is
concentrated in a small volume of space and is commonly referred to as a narrow or pencil beam.
The WSR-B8D antenna falls into this class. The major characteristics of such a pencil beam
(Hansen, 1976) are determined by the diameter of the antenna, the wavelength radiated, and the
power distribution over the antenna surface.

The electromagnetic field generated by the antenna is normally described by dividing it into
two regions — the near field and the far field — to which different sets of analytical conditions
apply. The boundary between the two regions is not sharply defined; rather, RFR field conditions
gradually change with increasing distance from the face of the antenna. In the near field, RFR
power density is nearly constant; in the far field it, gradually diminishes with increasing distance
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from the antenna. It is also necessary to distinguish between regions within or near the main
beam and those at angles remote from it.

The mathematical description of the complete field produced by large antennas is
complicated. Therefore, approximate expressions have been developed to facilitate calculation.

The following conditions and assumptions have been applied:

1. The antenna has a specific height, h, above ground level, and all elevations are
referred to the center of the antenna.

2. The antenna rotates at a fixed speed about its vertical axis and follows the
fixed scan pattern described in Section V.B.2. This pattern was used because
it yields the highest (i.e., worst case) values of average power densities at
and near ground level.

3. The main beam and its first five sidelobes have circular symmetry.

4. The intensity of the first sidelobe relative to the main beam is 0.0032
(-25 dB).

5. To simplify the analysis the transition between near-field and far-field
conditions is taken as 800 ft. This approximation overstates power densities
by factors as large as two to one for distances in the range of 400 to 2000 ft.

6. For distances less than 800 ft from the antenna, RFR power densities are
assumed to be constant; at greater distances, power density decreases
steadily with increasing distance.

7. During normal operation the greatest possible instantaneous field strength at
any ground location will exist when the antenna main beam is at the azimuth
of that location and has the minimum elevation angle of +0.5°. The results
calculated on this basis can be easily adjusted to accommodate other values
of minimum elevation angle.

8. The RFR duty cycle is taken as 0.0021 (0.21%), which is the maximum duty
cycle for the system. The RFR duty cycle differs from duty cycles in other
parts of the WSR-88D. In this appendix, duty cycle always refers to RFR
duty cycle.

9. The calculation of RFR field strengths at any distance up to 20 miles from a
WSR-88D radar is based on direct line-of-sight propagation because all
other modes of propagation, such as ducting due to temperature inversion,
diffraction, or tropospheric scatter or reflection, are weaker (Kerr, 1951).
Ground-level areas that are shadowed by intervening terrain will be
lluminated by the diffraction mode of propagation. The RFR field strengths
in such areas will be overestimated because the calculations are based on
direct line-of-sight propagation. The attenuation caused by trees and
underbrush, which can reduce RFR values by a factor of 10 or more, is not
included.

The calculations are intended to represent realistic estimates rather than precise scientific
values. Many approximations are made; therefore, it is expected that the field strength at any
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given location produced by operation of a WSR-88D radar may be either larger or smaller than
the calculated value by as much as a factor of 2.

A.3. THE FAR-FIELD REGION*

The far field exists only at distances greater than 800 ft from the antenna; it is defined as a
region over which the analytic conditions are constant and the fields vary inversely with distance
(i.e., the power density varies inversely with the square of the distance). The conventional
criterion for the distance from the antenna beyond which the far field exists is 2D2/L, where D is
antenna diameter, and L is the radiation wavelength. For the WSR-88D antenna at 2850 MHz,
this distance is 4550 ft.

A well-known and generally applicable equation for the power density on the beam axis in
the far-field region of any antenna is

U = PG/4nR2 (1)

where U is the power density, P is the radiated power, G is the antenna gain, and R is the
distance; consistent units must be used, For WSR-88D, P = 475 kW and G = 35,500. To obtain
results in the desired form of mW/cm? when the range is specified in feet, it is necessary to
introduce suitable factors. To convert from kilowatts to milliwatts and from square feet to square
centimeters, one must multiply by 106 and divide by (30.48)2 = 929, Combination of these
various terms leads to a key result: for the far field, the maximum pulse power density in the
center of the main beam is:

Uj = 1.44 x 109%R2 mW/cm? (2)

where R is the distance in feet.?

The size of the far-field main beam is limited by the system specification, which requires
that the power density decline to half its maximum value in not more than 0.5° from the axis (see
Figure A.1). The position of the first null is not specified. The value 1.25° shown in Figure A.1
was chosen from data on similar antennas (Silver, 1949). The 1° interval between successive
nulls was chosen on the same basis.

Both the main beam and the many sidelobes of the WSR-88D radar will sometimes strike
the ground. Therefore, it is necessary to consider the distribution of power in the first and higher
order sidelobes as well as in the main beam.

System specifications require that the ratio of the power in the first sidelobe to the power in
the main beam at the same distance be no greater than (L0032 (-25 dB). The relative power
densities in the first 5 sidelobes are controlled by the specification that the level shall decrease
linearly from -25 dB in the first sidelobe to 0.0004 (-34 dB) at 10° from the axis. The distribution
shown in Figure A.1 is consistent with this statement.

“Here, and throughout this document, the term “pulse power” designates the maximum rms value of the pulse, when
present.

t This formula is correct for a beam pointed in any direction, For most cases of interest in this document, the beam is

nearly horizontal, and no substantial error results from taking R as a horizontal distance, which simplifies the
discussion,
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Locations that sometimes fall in one of the nulls shown in Figure A.1 are at other times
subject to the higher power density of the adjacent peak. Therefore, all calculations of peak
sidelobe power use the envelope function shown in the heavy line in Figure A.1. The envelope
function is extended to the right at the value 0.0004 (-34 dB) because the system specification
allows a few isolated peaks of this magnitude. Use of this value with reference to Figure A.1 and
Eq. (2) leads 1o the equation

Usp = 0.0004U; = 5.76 x 105R2 mW/cm? 3)

which describes the maximum pulse power density at any location more than 6° from the axis of
the main beam.

During normal operation, the main beam of a WSR-88D radar is in constant motion as a
result of continuous rotation of the antenna around its vertical axis. This mobility has an
averaging effect on the RFR power density. The result is to reduce the intensity of the main beam
and near-in sidelobes and to fill in the nulls in the radiation pattern. The averaging factor will
differ depending on whether the area is illuminated by the main beam or by some combination of
sidelobes. The averaging factor becomes less important at close ranges, where the diameter of the
radiation column is comparable to the distance through which it is swept.

A WSR-88D radar is capable of operating in many modes, and it is impractical to make a
detailed calculation for each possible mode. However, a large fraction of the time is likely to be
devoted to scanning modes similar to the one described in Section V.B.2. That mode has been
chosen for analysis because it is typical and because it will produce maximum values of time-
averaged power densities at locations at or near ground level.

Consider a location that is elevated 0.5° above the radar antenna and separated from it by a
distance R. (The following analysis applies to beams at other elevations if all heights are referred
to the center line of the beam.) At one moment during the 0.5° elevation scan, this point will be
struck with the full power of the main beam with a maximum intensity of U = 1.44 x 109/R2. At
other instants it will be struck by all the sidelobes, as shown in Figure A.2. The exact shape of
the power density curve, as sketched at the top of Figure A.2, is not known; however, no great
error will result from assuming that each lobe has the shape of a half sinusoid. On this basis, the
average value of each section of the lobe pattern is 2/ times the maximum value.

The technical specifications limit the maximum rotational speed of the antenna to 30°/s (5
rpm). Thus, even at the slowest pulse repetition frequency of 318 pps, the beam moves only
0.094° between successive pulses. Therefore, no significant error will result from treating the
beam as continuous with a total power of 1 kW, calculated by multiplying pulse power, 475 kW,
by duty cycle, 0.0021.

The 1991 IEEE SCC 28 exposure guidelines are stated in terms of averaging times not
greater than 0.1 hour (6 minutes) for controlled environments and 0.5 hour (30 minutes) for
uncontrolled environments. Therefore, as a worst case, we average over the 6-minute interval in
which the beam elevation has the values 0.5°, 1.5°, and 2.5°. The relative power levels of the
first five sidelobes of Figure A.1 are:

Sidelobe number 1 2 3 4 5
Relative level 0.0032 0.0021 0.0013 0.0009 0.0006



SCAN
ELEVATION
degrees

FIGURE A.2 Effect of Scanning by Main Beam and First Five Sidelobes
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The width of each sidelobe is 1.0°; the half-width of the main lobe is 1.25°. Contributions
from the 0.5°-level scan are listed in the first column of Table A.1. Contributions associated with
other elevation angles are listed in successive columns. Table A.1 lists the product of the width
and height of the energy pulse that results as the beam sweeps past the sampling point. These
contributions are then added and finally referred to the zero-angle case to obtain the ratio K3,
which is plotted in Figure A.3. This curve, which applies to poinis either above or below the
beam center, provides a basis for calculating time-averaged values of power density in the far
field for any scanning sequence. In subsequent calculations the angular distance from the beam
center is converted into a distance in feet.

Table A.1
FACTORS FOR CALCULATION OF AVERAGE POWER DENSITY

Beam Elevation Above or Below 0.5°

Sideiobe
Number 0° 1° 2° 3° 4 5° 6°
0 1.0 0.062 0 0 0 0 0
x1.25 x06
=125 = 0.0372
1 0.0032 0.0032 0.0032 0 i} o 0
x1.0 x1.3 x0Ds8
=0.0032 =00042 «=0.0029
2 0.0021 0.0021 0.0021 0.0021 0 0 0
x1.0 x1.2 x1.6 x1.1
=0.0021 =0.0025 =0.0034 =0.0023
3 0.0013 0.0013 0.0013 0.0013 0.0013 o 0
x1.0 x1.1 x1.4 x1.7 x1.2

=0.0013 =00014 =00018 =00022 =0.0016

4 0.0009 0.0009 0.0009 0.0008 0.0009 0.0009 0
x1.0 x1.0 x1.2 x1.3 x2.0 x1.2
=0.0009 =0.0008 =00011 =0.0012 =00018 =0.0011

5 0.0006 0.0006 0.0006 0.0006 0.0006 0.0006 0.0006

Xx1.0 x1.0 X 1.0 x1.2 x2.3 x2.2 x15
=00006 =00006 =00006 =00007 =00014 =00013 =0.0009
Total 1.2581 0.0468 0.0098 0.0064 0.0048 0.0024 0.0009

Ratlo K3 1.00 0.0372 0.00078  0.0051 0.0036 0.0018 0.0007

The important conclusions to be drawn from Table A.1 are that the contribution of the main
beam is much larger than the sum of the contributions of the first five sidelobes and that the
- power density decreases rapidly with increase of beam elevation angle. In particular, the
contributions associated with a beam elevation angle above 4° are negligible.
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During one revolution of the antenna at 0.5° elevation the average power density at some
point struck by the center of the beam is lower than the density at the center of the stationary
beam by the factor

K3 = (2/n) (1.2581/180) = 0.0044 4)

where the coefficient 2/ represents averaging over a half sinusoid, 1.2581 is the total of Column
1 of Table A.1, and 180 represents one half revolution. The product

U3 =0.0021 K3 Uj = 1.35 x 104/ R2 mW/cm? (5)

is the time-averaged value that would result from the main beam and the first five sidelobes if the
antenna rotated continuously at 0.5° elevation.

Figure A.3 indicates that for a beam elevation of 0.5° the average power density at a point
level with the antenna will decrease by a factor of 2 from that at points struck by the beamn center.
This is consistent with Figure A.1, which shows that the main beam contribution will be cut in
half. The other contributions are essentially unchanged but make up a negligible part of the total.

For the worst-case 6 minutes of the selected scan sequence, the beam spends 2.5 minutes at
0.5° elevation, 2.5 minutes at 1.5° elevation, and 1.0 minute at 2.5° elevation. At points 1.5° and
2.5° from beam center, the coefficients scaled from Figure A.3 are respectively 0.012 and 0.006.
The corresponding power density at a point level with the antenna is found by taking the sum

Us =[(2.5/6) (0.5) + (2.5/6) (0.012) + (1/6) (.006)] U3 6)
= 2900 / R2 mW/cm?

Recalling that the contribution of the main beam is dominant and doubles at 0° vs 0.5° we
may double Ug and write

Us = 5800 / R2 . )

The contributions of all the other sidelobes that radiate in all directions are addressed by
noting that the system specification requires that throughout this region the antenna have a
“median gain” not greater than ~13 dB (i.e., 0.05). Median gain is defined as “that level over an
angular region at which the probability is 50% that the observed or measured gain at any position
of the antenna will be less than or equal to that level.” This specification suggests, but is not fully
equivalent to, a statement that the average gain over the entire region outside the main beam and
first five sidelobes is 0.05 (-13 dB), which means that 95% of the available power is
concentrated in the main beam and first S sidelobes and that only 5% is distributed in sidelobes
further out than the first 5 sidelobes.

This 5% value is used to obtain the total time-averaged power density at the designated
point. From Eq. (1) the average power density due to higher order sidelobes is

Ua = (1.00 x 106 x 0.05) / (4% x 929R2) = 4/R2 mW/cm? . 8)



A4. THE NEAR-FIELD REGION

Hansen (1976) has studied the near-field region of antennas like that of the WSR-88D radar.
Figure A.4, which is redrawn from one of his figures, shows that the power density on the axis of
the beam is never higher than +15 dB (i.c., 32 times its value at the reference distance 2D2/L,
which, as noted in Section A.3 of this appendix, is 4550 ft). Thus, from Eq. (2), the maximum
value of pulse power density on the beam axis in the near field is

Uo = (1.44 x 109 x 32) / 4,5502 = 2200 mW/cm2 . )

This value is used for all points within the circular column of the near field out to the distance of
0.18 x 2D2/L = 800 ft, which corresponds reasonably well with the 640-ft value previously
derived by a different method.

Additional information concerning power distributions in the near field is provided by
Figure A.S, which is based on work at the National Bureau of Standards (Hu, 1961). At the
antenna face, the WSR-88D beam is highly focused. At 3000 ft from the antenna face, the beam
is more diffuse, and substantial power densities exist up to 50 ft from the beam axis.

The average power density in the near field is calculated with reference to Figure A.6, which
shows the axis about which the antenna rotates as well as the lowest and highest beam positions.
In this region the beam is represented as a circular cylinder with a 28-ft diameter and a power
density distribution of the form shown in Figure A.6.

Consider a (mathematical) cylindrical surface of radius R concentric with the antenna
vertical axis. The zone that is illuminated by one or more scans of the beam has a height Y given
by the equation

Y =28 + R tan 2° = 28 + 0.035R (10)

where 2° is the angular variation between 0.5° and 2.5° in the worst case scan sequence. The
circumference of such a cylinder is 27R and the total area A is

A =2 nRY = 176R + 0.22R2 ) (11)

The average power radiated is equal to or less than 1 kW; therefore, the average power density
over the cylindrical surface cannot exceed the total power divided by the area.

At the mid-height of this cylinder, the local power density will exceed the average value by
a factor of 2 if the vertical power density distribution has either the sinusoidal form shown as a
solid line or a triangular form shown in dashed lines. Introducing this factor, a factor of 106 to
convert from kilowatts to milliwatts, and dividing by 929 to convert from square feet to square
centimeters leads to the expression

Ug =1x 106 x 2/(929) (176R + 0.22R2) = 9800 / (R2 + 800R) mW/cm?2 (12)
which is accurate for values of R up to about 640 ft where the beam begins to spread.
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Electromagnetic waves such as those generated by the WSR-88D radar are characterized by
electric and magnetic fields, both of which are perpendicular to the direction of propagation. Of
these, the electric field is of principal interest. Under all conditions relevant to the present
calculations, the clectric field strength (or intensity) E is related to the local power density U by
the equation

E = (3,770 U)12 (13)

where E is measured in volts per meter (V/m) and U is given in mW/cm2. The relationship is
used only for pulse values of E and U.

A.5. EFFECT OF FOLIAGE AND SCATTERING

Microwave energy is absorbed and scattered by trees and underbrush. The effect of foliage
on microwave propagation has been studied extensively (Trevor, 1940; Head, 1960; Doeppner et
al., 1972; Tamir, 1977; Nelson, 1980). Waves that are forced to propagate directly through a
forest are attenuated in an exponential manner. For typical woods the rate is about 0.15 dB/ft at
WSR-88D frequencies; that is, the signal loses half its power (3 dB) in traveling a distance of
about 20 ft. It is reduced to one-tenth its original strength in 60 ft and one-one hundredth its
original strength in 120 ft.

Over extended distances, waves find easier paths that curve around or skim over the tops of
the trees. Such paths usually reduce the power to a value no larger than one-one hundredth of that
which would exist over a direct free-space path. Waves that graze the treetops over a long
distance behave somewhat like those that are guided over the surface of an imperfectly
conducting earth, and the power density variation with distance includes a term of the form 1/R4.

When vegetation provides shielding between the radar antenna and the location of interest,
the levels of RFR (both peak and average power densities) are likely to be reduced by a factor
ranging from 10 to 100. That factor is not discussed here; rather, our purpose is to provide
extremely conservative (i.e., overstated) estimates of RFR.

From some locations of interest, the WSR-88D antenna will not be visible. Under these
circumstances it might be thought that no microwave power would reach such locations.
Although this ideal is closely approached, a small residue of power does propagate to such
locations by diffraction around the edges of the land masses or buildings that block the view, and
by scattering from trees, fences, and other objects that are struck by the main beam or its
principal sidelobes.

It is impractical to make precise calculations of the RFR that results from such effects. A
conservative upper bound is obtained by the principles of diffraction theory (ITT, 1977), which
indicate that neither the peak nor the average power density within such regions will exceed one
tenth of that found in unshadowed regions at an equal distance from the radar.

Because the earth is nearly spherical, a horizontal beam of radiation is above the earth at all
points. However, such a beam may be bent toward the earth by refraction in the atmosphere,
which is caused by the decrease in atmospheric density associated with increase in altitude. The
effect of such atmospheric refraction can be accounted for by using a fictitious earth radius that is
4/3 times the true radius. The result of such calculations leads to a simple formula for the height
of a beam launched horizontally from a particular point on the surface of the earth
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h=R2/2 (14)

where R is the horizontal distance in (statute) miles and h is the beam elevation in feet. Thus, ata
distance of 10 miles the beam clearance above the ground is increased by 50 ft as a result of earth
curvature. This effect reduces the intensity of RFR at locations distant from the radar site.

A.6. RESULTS

The preceding subsections have developed a set of formulas and graphs for calculating
electric field strengths and power densities at various points relative to WSR-88D radars. To
facilitate calculations of RFR levels at specific locations of interest, these relationships have been
used to prepare Figures A.7 and A.8, which contain all the accumulated information.

A.6.1 Pulse Power Densities and Electric Field Intensities

Figure A.7 shows maximum pulse power densities and electric field intensities for distances
and beam offset distances of interest. Maximum pulse power density and electric field intensity
are independent of duty cycle and scan pattern, varying only with distance and beam offset. The
two straight line segments near the top of the graph represent an envelope of maximum values of
pulse power densities that could be encountered by airborne objects. The horizontal line segment
corresponds to points that are nearly level with the antenna in the near-field zone. The sloping
segment corresponds to the center of the beam in the far-field region, where the power density
decreases steadily with increasing distance. These lines represent an upper bound on possible
pulse power and electric field intensities. The intervening curves were obtained by graphical
computation from Figures A.1 and A.5. The process was facilitated by use of Table A.2. The
offset distances were arbitrarily chosen as convenient for this calculation and for subsequent use.
The electric field intensities shown in the right-hand margin were obtained by use of Eq. (13).

A.6.2 Average Power Densities

Figure A.8, which is similar to Figure A.7, was derived in the same general way; however, it
differs in several important respects. In particular, the power densities are much lower, an
electric field scale is inappropriate, and the distance scale is extended down to 20 fi,
approximately the surface of the radome.

Values in the right half of the figure were obtained from Eqs. (4) and (6), together with
values of K7 derived from Figure A.3 and listed in Table A.2. The maximum value displayed is
0.6 mW/cm?; it occurs at R = 20 and h = 0, just outside the mid-height of the radome. Values
along the R = 20 axis were obtained from Eq. (4) by substitution of h for R. In the range h <R,
the values were obtained by using h? + RZ in the denominator. Smooth curves were used to
connect these points to those calculated from far-field relationships.

Figures A.7 and A.8 are based on a continuous scan with a minimum elevation angle of 0.5°
and the scan sequence described in Section V.B.2 which has a revisit time of 10 minutes. The
restriction to 0.5° elevation angle may be removed by referring the beam offset distance h to the
center of the lowest beam. With this interpretation, Figures A.7 and A.8 apply equally to any
small elevation angle, positive or negative.
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Table A.2

DISTANCES D FOR VARIOUS
ANGLES AND OFFSET DISTANCES
Angle Z (degrees)
Oftfset
Distance
(feet) 0.5° 1° 2° 4°
15 1,718 859 429 215
30 3,437 1,718 859 429
60 6,874 3,437 1,718 859

100 11,460 5,730 2,865 1,432
200 22,920 11,460 5,730 2,865
400 45,840 22,920 11,460 5,730
800 91,680 45,840 22,920 11,460

1,600 -- 91,680 45,840 22,920
K4 0.50 0.050 0.0021 0.0009
K2 0.50 0.037 0.0078 0.0036

Values of average power density are proportional to the duty cycle and also depend on the
scan pattern. Thus, Figure A.8 is specific to the designated scan sequence. However, no other
proposed scan sequence will increase these values.

A.7. OTHER SCAN MODES

In most cases the WSR-88D tower will be located on fairly level ground, and best results
will be obtained with the normal scan sequence in which the minimum beam elevation is +0.5°.
However, a few systems will be in mountainous regions, where mountain tops will be the
preferred sites because they will provide the best coverage. For such sites, JSPO has authorized
the use of modified scan sequences in which the minimum beam elevation will be as low as
-0.5°. Data presented in Figure A.8 and field measurements show that no personnel hazard will
result from such operation.

In all operational modes the WSR-88D antenna will rotate continuously at a speed no less
than 0.8 rpm. However, for diagnostic purposes, the beam will occasionally be held stationary for
a period not exceeding 5 minutes — the “searchlight mode.” The beam elevation to be used in
these tests has not been specified, but it is appropriate to assume the worst case of -0.5°.

Under these circumstances, the effective power density on the beam axis for distances out to
800 ft, averaged over 6 minutes, will be

Up =0.0021 (5/6) Uy = 3.85 mW/cm?2 X (14)

Here, Uy = 2200 and the factor 0.0021 is the duty cycle, which converts peak to short-term
average power. In the WSR-88D frequency band of 2700 to 3000 MHz, the SCC 28 (1991)
exposure guideline for controlled environments is 9 to 10 mW/cm?2, averaged over a 6-minute
period. Thus, the average power density of WSR-88D emissions during operation in searchlight
mode, averaged over 6 minutes, will not exceed the SCC 28 (1991) guideline for human
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exposure in controlled environments. Beyond 800 feet the power density is still smaller, falling
off inversely with the square of distance according to the expression

Ut = 0.0021 (5/6) Uy = 2.52 x 106/R2 . (15)

The 1991 SCC 28 guideline for human exposure to 2700 to 3000 MHz RFR in uncontrolled
environments is 1.8 to 2.0 mW/cm?, averaged over 30 minutes. To account for the 30-minute
averaging period, Eq. (15) must be modified to

Uy = 0.0021 (5/30) Ug = 0.77 mW/cm? (16)

which is considerably below the SCC 28 (1991) exposure guideline. However, if multiple 5-
minute periods of searchlight-mode operation were conducted during a 30-minute interval, the
SCC 28 (1991) guideline for uncontrolled environments could be exceeded. To prevent violation
of the SCC 28 (1991) guideline, each time the searchlight mode is to be used, a safety element
will be prepared as part of the test plan. When the safety element is implemented, significant
impacts will be very unlikely.

A.8. VALIDATION

The validity of the methods used to derive the results presented in Figures A.7 and A.8 has
been confirmed by comparing the results of similar calculations with measurements made on
August 16-18, 1989, at the prototype WSR-88D at the OSF. Measurement locations were
selected on the basis of field intensity calculations and distances from the radar.

The radar operated at a frequency of 2995 MHz and a peak power level of 712 kW. The
antenna gain was not given but was assumed to be 45.5 dB, as in Table V.1. The line losses were
not given, but it is reasonable to assume that they reduced the actual radiation power to about
475 kW. Pulse widths of 1.5 and 4.7 us were used, in combination with several pulse repetition
frequencies. The combination of 4.7 us and 446 pps, equivalent to a duty cycle of 0.21%, gave
the largest average power densities.

Table A.3 sets forth the peak field intensity and (short-term) average power densities on the
center of a horizontal stationary main beam as a function of distance (Air Force Communications
Command, 1989).

The calculated values of average power were taken from Egs. (14) and (15), omitting the
factor (5/6) because time-averaging was not involved. The calculated values of peak field
intensities were obtained from Eqgs. (2), (9), and (13). The calculated values of power density and
electric field are somewhat higher than the measured values except at the two closest locations.

Measurements were also made with the antenna rotating at a constant speed of 1 rpm at an
elevation angle of 0°. Table A.4 presents the long-term time-averaged results of these
measurements. At all distances, the measured values are substantially less than the calculated
values; that finding is expected as the formulas used to calculate power density give conservative
(worst-case) estimates.



Table A.3
MAIN BEAM MEASUREMENTS SUMMARY

Average Power Density Peak Fleld Intensity
Location Distance (mW/cm?2) (V/im)
Number (feet) Measured Calculated Measured Calculated
1 1470 0.71 1.40 1126 1585
2 665 2.81 4.62 2246 2880
3 450 3.30 4.62 2435 2880
4 227 5.31 462 3090 2880
5 85 5.59 462 3170 2880

Source: U.S. Air Force Communications Command, 1989; SRI International

Note: For location number 1, average power density is calculated using the formula
U = 0.0021 x 1.44 x 10° + (1,470)2 peak field intensity is calculated using the
formula: E = [1.44 x 10° x 3,770 + (1,470)2]V/2. For all other near-field locations the
average power density is calculated using the formula: U = 0.0021 x 2,200; the peak
field intensity is calculated using the formula E = (2,200 x 3,770)12,

Table A.4
COMPARISON OF MEASURED AND CALCULATED
LONG-TERM TIME-AVERAGED POWER DENSITIES

(mMW/cm?2)
Location Distance
Number (feet) Measured Calculated
1 1470 0.00085 0.0039
2 665 0.0086 0.018
3 450 0.0019 0.027
4 227 0.013 0.054
5 85 0.026 0.14

Source: U.S. Air Force Communications Command, 1989; SRI
International

Note: For location number 1, the long-term, time-averaged
power density is calculated using the formula: U = 0.0021 x
1.44 x 10° + (360 x 1,4702). For all other locations, the formula
is U=2x 108 + (2rR x 28 x 929), where the initial factor of 2

accounts for power concentration near the center of the main
beam.
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APPENDIX B

HUMAN HEALTH EFFECTS OF RFR

B.1. Introduction

This analysis of the potential bioeffects of RFR and their relationship to human health is
based on a review of research papers selected from the many thousands of accounts published in
scientific journals through about mid-1991. The papers reviewed were selected based on their
relevance to WSR-88D RFR and the quality and originality of their findings. The papers
discussed are grouped under a set of RFR-bioeffects topics selected to provide representative
coverage of each topic. We describe differences in the findings of the papers within each topic,
and, when possible, assess the quality of the research. We assume that most of the papers
selected underwent peer review before publication. With a few exceptions, presentations at
scientific symposia or abstracts thereof have been excluded from consideration because more
complete and peer-reviewed accounts of such studies are likely to appear subsequently.

Some of the analyses and critiques here of papers published before 1987 have been derived
from a general review entitled: Critique of the Literature on Bioeffects of Radiofrequency
Radiation: A Comprehensive Review Pertinent to Air Force Operations (Heynick, 1987), that
SRI International prepared for the U.S. Air Force. That review covered more than 500 detailed
reviews and analyses of research projects. Almost all of the papers selected for analysis had been
published in scientific articles, presumably after peer review. Other general reviews of the
literature on RFR bioeffects published from time to time were also investigated, among them an
EPA report (Elder and Cahill, 1984), intended to serve as the primary reference for development
of U.S. guidelines for general public exposure to RFR which were never promulgated. The
conclusions in this SEA regarding possible effects of exposure of people to RFR were reached
independently.

The results of our research review are summarized in Section V.C.2, while our findings
about RFR bioeffects are presented in Section V.C.3. In Section V.A.2, we discuss the
challenges in assessing scientific information and risk, while Section IV provides extensive
background information about the origins of the electromagnetic environment, the
electromagnetic spectrum and its use, the ambient electromagnetic conditions, and nonionizing
vs. ionizing radiation.

B.1.2 RFR Safety Standards

Relevant RFR safety standards are described in Section V.C.4. In this appendix subsection,
we replicate the Section V.C.4 discussion of the recent IEEE (C95.1 - 1991) guidelines and
supplement it with two graphs (Figures B.1 and B.2).

In 1982, American National Standards Institute (ANSI) Subcommittee C95.1V adopted a
frequency-dependent standard for both occupational and public exposure to RFR (ANSI, 1982).
That standard was based on a maximum whole-body SAR of 4 W/kg reduced by a safety factor

B-1



of 10, to 0.4 W/kg. It covered the frequency range from 300 kHz to 100 GHz. Those limits were
not to be exceeded for exposures averaged over any 6-minute period. In the 1982 ANSI standard,
the incident power density limit for the 2.7 to 3.0 GHz range of the WSR-88D was 5 mW/cm?2.

In 1988, the functions of ANSI Subcommittee C95.1V were transferred to Subcommittee IV
of SCC 28, a new body under the jurisdiction of the IEEE. The subcommittee selected and
analyzed the important research papers in an updated data base of the RFR-bioeffects literature
and prepared a revision of the 1982 ANSI standard. That revision, the IEEE (1991) guidelines,
has recently been approved by the IEEE.

The IEEE (1991) guidelines cover the frequency range from 3 kHz to 300 GHz and
separately specify the maximum allowable RFR exposure in “uncontrolled environments”
(accessible by the general population) and “controlled environments” (such as occupational
exposure). Graphs of the guidelines for uncontrolled and controlled environments are displayed
in Figures B.1 and B.2, respectively. In the range from 300 MHz to 1.5 GHz, the new limits for
uncontrolled environments have a safety reduction factor of 50 instead of 10, and are averaged
over any 30-minute period instead of over 6 minutes. In the range from 1.5 to 3.0 GHz, the new
limits increase in accordance with the formula /1500 (with the frequency f in MHz), whereas the
limit was fixed at 5.0 mW/cm2 in the 1982 ANSI standard. Thus, in the WSR-88D frequency
range 2.7 to 3.0 GHz, the new limits on average power density for uncontrolled environments are
1.8 to 2.0 mW/cm? instead of 5 mW/cm2. The new IEEE (1991) guideline limits for controlled
environments are 9.0 to 10 mW/cm2 averaged over any 6-minute period.

Also included in the IEEE (1991) guidelines are maximum allowable values for RF current
flow induced within the feet of a person immersed in an RFR field or by the person’s contact
with an inanimate object (e.g., a fence or vehicle) electrically charged by immersion in an RFR
field. Such limits are applicable only within the frequency range from 3 kHz to 100 MHz (where
such effects can occur), and thus are not relevant to WSR-88D.

B.2. Interactions of RFR with Biological Entities

B.2.1 Thermal Interactions and SARs

The relative magnetic permeability of most organic substances is about unity. Therefore,
thermal interactions of RFR with a biological body are dependent on the complex dielectric and
thermal properties of the body’s constituents and their distribution within the body, as well as on
the RFR’s characteristics (frequency, power density, polarization).

Because the index of refraction of any material is related to its dielectric constant, RFR is
reflected and refracted at boundaries between regions of differing dielectric properties, such as at
the air-surface interface of a body, for the same physical reasons as those that apply to light
incident at an air-glass interface. This is also true at internal boundaries between constituents
having different dielectric properties, thereby affecting the variation of electric field with internal
location. Figure B.3 is a graph of the fraction of power transmitted (not reflected) at air-fat, fat-
muscle, and air-muscle interfaces versus RFR frequency. At 3.0 GHz, for example, about 44% of

the incident power density enters the body, with the remaining 56% being reflected at the
surface.
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The fraction of incident power density that enters a body undergoes progressive attenuation
with depth because of energy absorption. The term “penetration depth” is usually used to
quantify such attenuation. For homogeneous specimens and RFR incidence perpendicular to the
surface, penetration depth is defined as the distance at which power density is decreased by
absorption to about 14% of its value just within the body’s surface. Graphs of penetration depth
versus frequency for muscle, blood, and fat are shown in Figure B.4. At 3.0 GHz, the penetration
depths for muscle, blood, and other high-water tissues are about 1.7 cm (0.66 in.); for fat, the
value is about 7 cm (2.8 in.). Not shown in the figure is that at approximately 30 GHz and higher,
penetration is largely confined to the outer layers of the skin (much like for sunlight).

In the RFR-bioeffects literature, the energy absorbed by a body from an incident
electromagnetic field is usually quantified by the SAR. The local SAR at any site within a body
depends on the characteristics of the incident RFR (carrier frequency, modulation, amplitudes
and directions of its components) and on the properties of the body and location of the site. For
bodies of complex shape and large internal spatial variations in properties, local SAR values are
difficult to determine by experiment or calculation. Instead, the whole-body SAR, representing
the spatial average SAR for the body, is often used because it can be determined in the absence
of information about internal variations in local SARs.

Researchers have calculated whole-body SARs for models of relatively simple geometry
such as spheroids, ellipsoids, and cylinders that have weights and dimensions approximately
representative of various species, including humans. Others have experimentally verified such
calculations by exposing physical models in various orientations to linearly polarized plane-wave
RFR and determining distributions of heat produced therein.

For exposure of any given model to linearly polarized plane-wave RFR, the largest value of
whole-body SAR occurs when the longest dimension of that model is parallel to the electric
component of the RFR, called the E-orientation, and when the wavelength of the RFR is about
2.5 dmes the longest dimension of that model (or conversely, the longest dimension is 0.4 of a
wavelength). The adjective “resonant” is used for that wavelength or for its corresponding
frequency; at resonance, the model absorbs RFR energy much like a lossy half-wave-dipole
antenna. Exposure at other orientations yields lower SARs.

Many of the important results of such theoretical and experimental investigations have been
presented in handbooks issued by the U.S. Air Force. The last handbook (Dumney, 1986)
summarizes the data in previous editions and contains other pertinent information as well. Of
particular interest are the plots of calculated whole-body SAR versus frequency for prolate-
spheroidal models of an “average” man, woman, and 5-year-old child for exposure to 1 mW/cm?
in three orientations (Durney, 1986), reproduced as Figures B.5, B.6, and B.7. Analogous plots
for a prolate-spheroidal model of a medium rat are shown in Figure B.8 for comparison. Those
plots all display the resonances noted for the E-orientation, with sharp reductions in SAR below
each resonant frequency and slower decreases above the resonant frequency.

Specifically, the resonant frequency for the average man, taken to be 5 ft 9 in. tall and
weighing about 154 1b, is about 70 MHz (when insulated from ground). At this frequency, the
whole-body SAR is about 0.2 W/kg for an incident plane-wave power density of 1 mW/cm?2.
This SAR is about one-sixth of his resting metabolic rate or one-twentieth to one-ninetieth of his
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metabolic rate when exercising ranging from walking to sprinting. By calculation, exposure of a
man at this SAR (to 1 mW/cm?2) for, say, 1 hour would produce a mean temperature increase of
about 0.2°C with no heat-removal mechanisms (conduction, convection, radiation) operating.
Actual temperature increases would be smaller with such heat-exchange mechanisms present. In
addition, the compensation exercised by the thermoregulatory systems of live mammals may
prevent any rises in body temperature.

At WSR-88D frequencies, which are well above the resonant frequency, the whole-body
SAR in the E-orientation is only approximately 0.03 W/kg per mW/cm2 (and about 0.04 W/kg in
the H-orientation, in which the long axis of the body is at right angles to the electric component
of the RFR). Therefore, a 1-h continuous exposure of the model man to 3 GHz at, say, 1
mW/cm? (a level much higher than from WSR-88D) would cause virtually no temperature rise.

Similarly, the resonant frequency for a prolate-spheroidal model of an average woman about
5 ft 3 in. tall (insulated from ground), is about 80 MHz, and her mean SAR is about the same as
for the average model man. For the model of a 5-year-old child, the resonant frequency is about
110 MHz, and the resonant SAR is about 0.3 W/kg per 1 mW/cm?2.

By contrast, the resonant frequency for a prolate-spheroidal model of a medium rat is about
650 MHz, and the resonant whole-body SAR is about 0.8 W/kg per mW/cm2. These values and
those for other laboratory animals used in RFR-bioeffects studies are important in assessing the
results of such animal studies relative to possible effects in humans.

Calculations indicate that if humans were to stand in bare feet on a wet surface, their
resonant frequencies would be approximately halved, but their whole-body SARs (at the lower
resonant frequency) would be higher. However, the SARs at the WSR-88D frequencies under
such conditions would still be too small to cause any increase in body temperature.

Under some conditions, the SARs of various parts of the body, such as the head and limbs,
also require consideration. In an important early study, Shapiro et al. (1971) calculated
distributions of fields that would be induced in a multilayered spherical model of a primate head
by exposure to 3.0-GHz plane-wave RFR. Their calculations indicated the existence of local
internal regions of relatively high fields. Johnson and Guy (1972) obtained experimental results
confirming the presence of such regions. Kritikos and Schwan (1975) did similar studies for
frequencies in the range of 300 MHz to 12 GHz. In general, the locations of such regions depend
on the size of the head, the electromagnetic and thermal properties of its layers, and the
frequency of the incident field. Such regions have been dubbed “hot spots,” even for
combinations of power density and exposure duration that would produce biologically
insignificant temperature rises at such spots.

Numerical calculations of internal spatial distributions of SAR have been made for “block”
models. In such models, the shape of the body is approximated by an appropriate arrangement of
many rectangular cells or blocks of various sizes, with each block assumed to be biologically
homogeneous and to have constant internal field over its volume when the model is exposed to
RFR. The biological properties ascribed to each block are also selected to approximate those of
the tissues in the corresponding location of the body. By spatial averaging over such models,
more accurate values of whole-body SAR have been derived than from simpler ones.

Rukspollmuang and Chen (1979), using a block model of an isolated multilayered spherical
head, obtained results that were qualitatively similar to those of Kritikos and Schwan (1975).
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They then studied, at 918 and 24,500 MHz, a block model with shape and internal structure more
closely approximating that of the human head (including eyes, nose, skull bone, and brain), and
found that much of the energy would be absorbed within the skull. In addition, frontal exposure
of the model 1o 24,500 MHz would induce fields that are primarily concenwated near the front
surface, and therefore energy dissipation within the brain would be relatively low.

Hagmann et al. (1979) calculated SAR distributions in the attached head of a block model of
a human, and derived whole-head and whole-body SARs for three orientations of the model
relative to the source of RFR. For front-to-back propagation with the long axis of the body
parallel to the electric vector, they found a broad head resonance at about 350 MHz, with a
whole-head SAR of about 0.12 W/kg per mW/cm2; the corresponding whole-body SAR is about
0.05 W/kg per mW/cm?2. For propagation in the head-to-toe direction, a sharper head resonance
at 375 MHz was obtained, with whole-head and whole-body SARs, respectively, approximately
0.22 and 0.07 W/kg per mW/cm2.

Results of numerical analyses of whole-body SARs and internal SAR distributions have
been subjected to experimental verification. Figurines of humans and animals constructed from
synthetic biological materials with electromagnetic characteristics approximating their various
biological constituents were exposed to RFR at power densities sufficient to produce accurately
measurable temperature increases. Such temperature rises were determined immediately after
exposure. An important qualitative result is that at frequencies near resonance, local internal
fields for human figurines can be much higher for regions such as the neck and groin than for
other locations in the body. Moreover, for nonprimate figurines, the variations of internal field
with location are quite different from those for primate figurines, a finding that must be
considered in attempting to extrapolate experimental results for laboratory animals to humans, or
when comparing experimental results between two (or more) laboratory species.

B.2.2 Nonthermal Interactions and SARs

Under similar exposure conditions, the whole-body SARs obtained with amplitude-
modulated (AM) RFR at any given carrier frequency and average power density are the same as
those of CW RFR or frequency-modulated (FM-CW) RFR.

In the context of nonthermal interactions, the term “local SAR" denotes the rate of energy
absorption at any local site within a biological object and does not necessarily indicate that such
absorption occurs as heat. Rather, it is a useful measure of the local field strength resulting from
RFR exposure, especially at internal field strengths too low to produce heat at biologically
significant rates.

RFR pulses of appropriate characteristics are known to be perceived by some humans as
apparent sound (the RFR-auditory effect). Pulsed RFR has also been reported to produce other
effects, such as alterations of the blood-brain barrier and behavioral changes. Some researchers,
using RFR that was amplitude-modulated at specific frequencies — primarily below about 30 Hz
but up to about 400 Hz — have reported biological effects from the amplitude modulation per se,
notably the calcium-efflux effect. Some researchers regard these reports as evidence of
potentially harmful nonthermal RFR bioeffects. There is no experimental evidence that the RFR-
auditory effects is harmful to humans or animals. Other researchers were unable to confirm that
pulsed RFR at nonthermal time-averaged levels alters the BBB or adversely affects behavior.
The calcium efflux effect and its purported mechanisms remain controversial (Myers and Ross,
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1981: Albert et al., 1987; Halle, 1988; Sandweiss, 1990; Adair, 1991; Prasad et al., 1991). These
topics are discussed more fully later.

B.23 RFR and Power Line-Frequency Fields

Nonionizing fields include several kinds of electric and magnetic fields. Such fields occur
both naturally, among them the earth’s magnetic field and the electric fields in the atmosphere
(most prominent during storms), and by electric generation for various uses. Much controversy
surrounds reports of the deleterious effects on humans from exposure to the power-line
frequency electric and magnetic fields present in homes from the power lines supplying
electricity to the house, the fields from operating appliances within the home, and those from any
nearby high-voltage power lines. In considering possible bioeffects of the RFR from the WSR-
88D radar, it is important to recognize the distinction between fields at power-line frequencies
and RFR at the microwave (MW) frequencies such as from the WSR-88D radar.

U.S. power sources operate at 60 Hz. The corresponding wavelength is more than 3000
miles, meaning that people near a power line are in its induction zone, within which terms such
as “‘propagation” and “radiation” do not apply. Rather, the electric and magnetic fields from such
a source may induce currents in the body, and the effects of each field should be considered
separately.

The WSR-88D radar will operate at frequencies about 50 million times higher than 60 Hz,
and the corresponding wavelength will be only about 4 in. Thus, sources operating at such
frequencies emit and propagate electromagnetic fields as true radiation, even at short distances.
Calculations using the WSR-88D wavelengths and the size of its antenna indicate that people at
distances about 800 ft from the antenna and beyond would be in the antenna’s “far-field” region,
in which the intensity falls off with the square of the distance. In such radiation, the electric and
magnetic components are at right angles to one another and to the direction of propagation. In
addition, because the ratio of the intensity of the electric component to that of the magnetic
component has a constant numerical value, the intensity of the RFR can be stated in terms of the
intensity of either component alone.

B.3. Current Knowledge About the Biological Effects of RFR

Most evidence for biological effects of RFR is derived from results of experiments in which
various mammals (including human volunteers) and nonmammals such as birds, insects, and
bacteria or other microorganisms were exposed to RFR, and specific biological effects were
sought. Also studied were tissues such as excised organs and neurons, blood, single cells,
cultures of cells, and subcellular components kept alive artificially (i.e., in vitro). Evidence is
also derived from epidemiologic and occupational studies, but such results are regarded as
indirect or inferential because the RFR-exposure levels and their durations most often are not
known with any degree of accuracy.

B.3.1 Studies of Humans

B.3.1.1 Epidemiologic/Occupational Studies

Relatively few epidemiologic studies have been conducted on possible links between
exposure to RFR and the incidence of chronic disease and all of those studies have been
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retrospective. Retrospective studies consider disease or death distributions that have already
occurred. Exposure is estimated. Prospective studies include measurements of exposure and
follow the study population forward in time to see who develops specific diseases. The study
groups for retrospective studies may be cohorts (groups of people) or “cases” (identified
individuals with a particular disease). Cohorts must include groups identified as exposed to some
agent and control groups, ideally identical to the exposed group in such factors as age, sex, and
socioeconomic status, but not exposed to the agent. (Alternatively, “high™ and “low™ exposure
groups may be used instead of “exposed” and “nonexposed” groups.) Cases are identified as
people with some discase and they are matched with people having the same age, sex, etc., but
not having the disease. Then comparisons are made to determine whether the amount of exposure
to a agent results in a difference between the two groups. Because the onset of disease cannot be
predicted in advance for individuals, case-control studies cannot be prospective.

Prospective cohort studies are lengthy (some may extend for decades) and expensive. They
are employed only when the potential for scientific return is high. Most epidemiologic studies are
retrospective, and the major problem lies in obtaining reliable and accurate estimates of past
exposure (dose and fatal-dose rate).

~ It is common in epidemiologic studies to find apparent associations between exposure to an
agent and the occurrence of some disease. However, such correlation, although suggestive of a
cause-and-effect relationship, is insufficient to prove it. The association may be spurious as, for
example, in the case of the correlation between the wearing of dresses and the incidence of breast
cancer. Other criteria must be examined (Hill, 1965). These include:

1. The strength of association — for example, the incidence of lung cancer in
smokers versus nonsmokers

2. Consistency — occurrence of effects in diverse groups; for example, increased
lung cancer in smokers of both sexes, all age groups, and races

3. Specificity — for example, mesothelioma in smokers exposed to high levels of
asbestos

4. Temporality — cause preceding effect in time

5. Biologic plausibility and coherence — a known or potential mechanism that is
not in conflict with information about the history and biology of the disease

6. Biologic gradient — a dose-response relationship berween the amount of
exposure to the agent and the magnitude of the response
7. Experimental evidence — animal data that point to the same association.
These criteria are spelled out here in some detail because they are of considerable
importance in analyzing the studies that are reported in the following sections.
For epidemiologic studies with RFR as the agent, the exposure characteristics (frequencies,
levels, and exposure durations) are usually surmised or are coarsely estimated.
Often open to question is the extent to which the group of humans selected as unexposed
controls matches the RFR-exposure group in all relevant factors except exposure, and whether

unknown or uncontrolled non-RFR factors have substantially contributed to the results. Similar
considerations are applicable to studies of occupational exposure, except possibly those in which
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the exposures could be characterized better. In some epidemiologic studies, job title is used as
the basis of estimating exposure, with varying degrees of uncertainty.

Robinette and Silverman (1977) chose 19,965 men who had served in the Navy during the
Korean War who from their titles (electronics technician, fire control technician, or aircraft
electronics technician) were regarded as repair technicians for electronic equipment and thus
were assumed to have had occupational exposure to RFR. For the control group, the authors
selected 20,726 Naval men considered operators of electronic equipment (titles: radioman,
radarman, or aircraft electrician’s mate) and were assumed to have had little occupational
exposure to RFR. The records of the men in both groups were compared for mortality, in-service
morbidity, morbidity in Veterans Administration hospitals, and granted and disallowed requests
for disability compensation.

The decedent data showed no significant difference between exposed and control groups in
deaths from all causes; the numbers of deaths in both groups were significantly lower than for
corresponding groups of age-specific white males of the general population. The death rate from
trauma was significantly higher in the exposed than in the control group. When deaths from
trauma were subdivided into motor-vehicle and “other accidents,” suicide, and homicide, the
only significant difference between exposed and control groups was in the “other-accident”
category. In that category, however, the death certificates and the other mortality data about the
men in the exposed group showed that many had died in military-aircraft accidents after the
Korean War, presumably because more of them later became flying officers. Thus, no statistical
association was found between health effects and presumed RFR exposure.

The U.S. Embassy in Moscow was irradiated with low-level RFR from 1953 until February
1977. Lilienfeld et al. (1978) conducted a study on the health of U.S. personnel assigned to the
Moscow embassy during that period. The authors identified 1827 employees and 1228
dependents as having been at that embassy during the 1953-1976 period. The controls consisted
of 2561 employees and 2072 dependents assigned to embassies and consulates in Budapest,
Leningrad, Prague, Warsaw, Belgrade, Bucharest, Sofia, and Zagreb during the same period.
Periodic tests for RFR at those control sites showed only background levels.

Medical records were reviewed for 1209 of the Moscow employees and 834 of their
dependents. The respective numbers for the control group were 1882 and 1507. Health
questionnaires were returned by 969 Moscow employees and 1129 control employees. The
number of questionnaires completed by the dependents was not clearly indicated in the report.

The questionnaire data indicated higher incidences of some health problems in Moscow
employee groups than in controls: more correctable refractive eye problems; more cases of
psoriasis in men; more cases of anemia in women; and more frequent cases of depression,
irritability, difficulty in concentrating, and memory loss. The authors noted:

In view of the possibilities which had been publicized of the increased danger
to their health and that of their children, it is not at all surprising that the
Moscow group might have had an increase in symptoms such as those
reported. However, no relationship was found between the occurrence of these
symptoms and exposure to microwaves; in fact, the four symptoms mentioned
earlier, which showed the strongest differences between the Moscow and
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comparison groups, were all found to have occurred most frequently in the
group with the least exposure to microwaves.

No discemnible differences were found between Moscow and control groups in total
mortality or mortality from specific causes, nor were there mortality differences between
Moscow and control groups of adults or dependent children. The mortality rates for the Moscow
and control groups were lower than for the U.S. population at large, except for cancer-related
deaths, which were fractionally higher among Moscow-female (8 of 11 deaths) than control-
female employees (14 of 31 deaths). The authors stated:

It is difficult to attach any significance to the relatively proportion of cancer
deaths in females because of the small numbers of deaths involved.

The authors recognized and commented on limitations of this study due to their inability to
acquire complete sets of medical records, death certificates, and returned health questionnaires,
and to the imprecision in classifying individual employees with regard 1o probable extent of RFR
exposure. They also noted that for many of the medical conditions studied, the sizes of the study
populations were too small for detecting less than twofold excess risks. In addition, they
indicated that highest RFR levels were recorded late in the period of irradiation and therefore, for
the subgroup with the highest potential exposure, the time during which health effects might
have become apparent was the shortest. However, despite these acknowledged limitations, the
authors were able to draw the following conclusions: for dependents, the authors found no
differences between adults in the Moscow and control groups. The incidence of mumps in
Moscow-based dependent children was twice that in control children. The incidences of
congenital anomalies in children born after arrival of the parents at their duty stations were
comparable for the Moscow and control groups.

The authors concluded:

With very few exceptions, an exhaustive comparison of the health status of the
State and non-State Department employees who had served in Moscow with
those who had served in other Eastern European posts during the same period
of time revealed no differences in health status as indicated by their mortality
experience and a variety of morbidity measures. No convincing evidence was
discovered that would directly implicate the exposure to microwave radiation
experienced by the employees at the Moscow embassy in the causation of any
adverse health effects as of the time of this analysis.

In one of a pair of studies, Lester and Moore (1982a) endeavored to establish an association
between mortality from cancer and proximity of the decedents to Air Force bases. Polson and
Merritt (1985) found this study to be flawed by incorrect assembly of the data base. When they
independently assembled the data base correctly and analyzed it, they found that the cancer
incidence for either sex in counties that had Air Force bases did not differ significantly from the
incidence in counties that did not have Air Force bases.

In the second study, Lester and Moore (1982b) sought to determine whether there was a
geographic pattern of cancer incidence in the city of Wichita, Kansas, and whether specific
sources of RFR could be identified and related to any such pattern. Despite poor data on RFR
exposure level, they reported finding a neighborhood pattern of cancer incidence, with a
suggestion of a ime element in its appearance, and noted that cancer tended to occur for persons
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located on leading terrain crests relative to radar transmissions and occurred less frequently in the
valleys. They derived a formula relating cancer incidence to the terrain and presence of RFR,
leading to the overall finding that cancer incidence in Wichita appears to be related to the
probability of RFR exposure from the radars at Wichita Mid-Continent Airport 15.5 miles
southwest and 35 ft high, and McConnell Air Force Base 11.5 miles southeast and 130 ft high,
both sites relative to the city center. The formula apparently bore no relation to actual exposure
levels; the authors did not cite measurements to support their assumptions and gave no indication
that the scan sectors of such radars were considered. A model of RFR exposure should have been
used that is based on the physical laws of RFR propagation, particularly the inverse-square-law
of attenuation with distance and the RFR shielding by artificial structures as well as terrain.
Thus, any conclusions drawn in the paper are unwarranted.

Hamburger et al. (1983) noted that physical therapists are known to use various diathermy
modalities (which they characterized as “microwave, shortwave, infrared, and ultrasound
equipment”) in the course of treating patients. They therefore sought to determine whether
therapists might be suffering adverse health effects from exposure to the emissions from such
units on a dose-related basis. They statistically analyzed the responses from male members of the
American Physical Therapy Association (APTA) to a mailed questionnaire. The only consistent
statistically significant finding was an apparent association between heart disease and exposure
to shortwave (SW) radiation.

Although the authors considered other factors in the questionnaire, they emphasized that
those health experiences reported in the RFR-bioeffects literature were associated with exposure
to low levels of RFR. The responses requested from each subject included occupational history
of diathermy use by length of employment in each position held since entering the clinical
affiliation, and the number of treatments of each modality administered per typical work week.
Other factors considered were the frequency of treatments, the years of work experience, and the
use of infrared and ultrasound diathermy.

Three mailings of questionnaires were made, to reduce the number of nonresponses. The
final population sample consisted of 3004 respondents from a total of 5187 therapists solicited.
The respondents were divided into subgroups according to exposure across and within the
energies of the four modalities above. The modalities were coded as U (ultrasound), I (infrared),
M (microwave), and S (shortwave), and the authors initially distributed the population among the
15 exposure subgroups consisting of those exposed solely to each modality and those exposed to
all possible combinations, plus a group that was not exposed. However, the small sizes of several
groups necessitated merging them into other groups to ensure more meaningful statistical results,
yielding nine subgroups.

Selected characteristics of the respondents were tabulated for the nine subgroups (age, race,
marital status, present work setting, personal therapy with any modality, X-ray exposures) and
prevalence among them of the following reported conditions: blood disorders, cataracts, diabetes,
endocrine disorders, hearing disorders, heart disease, high and low blood pressure, nervous
breakdowns, and “other.”

The authors found that the reported prevalence rates for the entire cohort were below
population rates in all instances, and that no single subgroup showed markedly higher rates
relative to total rates. However, they noted that the all-four-modalities subgroup had significantly
higher heart disease rates than those for the remaining population. They then formed new
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subgroups: MW, SW, and joint MW/SW exposure, and further divided them into high- and low-
exposure groups. A respondent with any exposure to MW was included in the MW group.
Similar definitions were used for SW and joint exposure so the subgroups were not mutually
exclusive, resulting in double-counting of subjects, a point recognized by the authors.

Contingency tables were constructed for the three types of exposure and for the three high-
exposure versus low-exposure situations (treatment frequency, length of employment, and
combination thereof), comprising 3 x 3 or 9 contingency tables for each of the 10 medical
conditions, for a total of 90 contingency tables. The odds ratios for high exposure versus low
exposure in the three exposure categories were also calculated for each contingency table, and
the confidence intervals were determined for the odds ratios that were statistically significant
after age adjustment. Heart disease was the only condition that remained significant, and only in
4 of the 9 type-of-exposure versus high-low situations (i.e., in 4 of the 90 contingency tables), a
finding that is no better than chance.

The findings above may be cited by some as “proof™ that exposure to MW/SW RFR causes
heart disease. However, careful analysis of the paper did not yield convincing evidence that this
is so. First, the paper illustrated the problems associated with attempts to uncover causal
relationships between a purported health-effects agent (RFR in this case) and medical conditions
in an identified population by using only the responses to a mailed, self-administered
questionnaire. The response rate was 58%, with 2183 not responding. The authors did not
mention attempis to reach a sample of nonrespondents by telephone or in person, to endeavor to
characterize them as a group. (Statistical techniques exist to correct for bias when the
nonrespondents group is large.) The 58% that did respond were self-selected in the sense that
many of them may have responded because they had medical conditions and were curious about
how such conditions may have arisen.

The major finding — that a statistical link exists between heart disease and self-reported
recollection of one aspect of occupational exposure (frequency or number of treatments/week,
but not employment duration) to SW and MW radiation (the correlation with SW was stronger
than with MW), but not to joint SW/MW exposure — is dubious. The results indicate that SW
exposure is a causal agent but that joint SW/MW exposure is not. Therefore, it can be inferred
that MW exposure protects against possible adverse effects of SW exposure with respect to heart
disease — an unlikely conclusion. In addition, duration of employment, which normally would be
considered a factor in “cumulative exposure,” had no statistically significant role.

On the basis of the RFR-bioeffects literature, the authors had classified heart disease into:
(1) disorders of conduction/rthythm and ischemia, and (2) “other.” They found statistical
significance only for the first category. Heart disease, however, comprises many symptoms with
various ctiologies. For example, cigarette smoking is a widely known major risk factor and a
strong predictor of heart disease in an aging population such as the 35+ group in the present
study, for which the relationship with SW exposure was claimed. Inexplicably (but
acknowledged by the authors), smoking history was not included in the questionnaire. Failure to
consider this major biasing factor does not inspire great confidence in the sole positve finding of
this study.

Milham (1983) analyzed the information on age and year of death in Washington State of
429,926 male decedents for 1950-1979 and 25,066 female decedents for 1974-1979, and
presented cause-of-death analyses (160 causes) for 219 male and 51 female occupational
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categories. One finding was an increase in leukemia in workers exposed to electric and magnetic
fields.

The statistic used by the author was the ‘proportionate mortality rate [or ratio]’ (PMR). By
definition, the PMR for each cause of death is the ratio of the number of deaths for that cause to
the number of deaths from all causes, expressed as a percentage; accordingly, the sum of all
PMRs must equal 100. A more commonly used statistic is the ‘standardized mortality ratio’
(SMR) because it represents the percentage of actual deaths for each cause relative to the
expected number of deaths from that cause, independent of any other SMR (Lilienfeld and
Lilienfeld, 1980, pp. 78-80).

The author examined the mortality patterns in selected occupations that appeared to have
similar environmental exposures. It is only here that the categories of workers presumed to be
occupationally exposed to magnetic and/or electrical fields were juxtaposed, and the PMRs for
two categories of leukemia (acute leukemia, all leukemia) were given. The 11 occupations were:
electrical engineers, electronic technicians, radio and telegraph operators, electricians, power and
telephone linesmen, TV and radio repairmen, movie projectionists, aluminum workers, streetcar
and subway motormen, power station operators, and welders and flame cutters.

Of the 22 categories (two leukemia categories in 11 occupations), 3 PMRs were high at the
1% significance level and 2 PMRs were high at the 5% significance level. Of the remaining 17
PMRs, 13 were elevated, 3 were depressed, 1 was unchanged, but none was statistically
significant. As noted above, because the sum of PMRs for all occupations must be 100, the 5
significantly high PMRs might have been a consequence of abnormally low PMRs in three of the
11 occupations, a point explicitly recognized by the author. Thus, little credence can be given to
the author’s claim that the higher PMRs for acute leukemia and all leukemia are associated with
exposure to electric and magnetic fields.

Another point to be considered is that a dose-response relationship must exist to conclude
that cause-and-effect applies in this or any other epidemiologic/occupational study. Such a
relationship was not established in this study. Without exposure data for the individuals or even
for the occupations, no evidence exists that persons in these 11 occupations received more
exposure to electrical and magnetic fields than those in other occupations. To illustrate this point,
electricians — the occupation with the largest number of leukemia deaths (51) ~ do spend a large
part of their time working on circuits that are not energized.

In a subsequent study, Milham (1988) examined mortality data for amateur radio operators
presumably exposed to RFR while operating their transmitters. He extracted the names of 67,829
males in Washington State and California listed as licensed in the 1984 U.S. Federal
Communications Commission Amateur Radio Station and/or Operator file between 1 January
1979 and 16 June 1984. Those names were searched for deaths during the 5-year period from 1
January 1979 to 31 December 1984, yielding a total of 2485 male decedents taken to have had
232,499 person-years at risk. Herein, the author did use the SMR.

Because the total expected deaths in both states from all causes was 3479, the 2485 deaths of
licensees yielded an SMR of 71, with a 95% confidence interval (CI) of 69-74, indicating
significantly lower death rates for licensees than for the general population. The category “all
circulatory diseases” yielded the largest number of deaths, 1208, however, because 1732 were
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expected, the SMR was only 70 (95% confidence interval: 66-74), also indicating a significantly
lower death rate than in the general population.

The category “all malignant neoplasms” had 741 deaths, versus 839 expected, yielding an
SMR of 89 (95% confidence interval: 82-95) — again a significantly lower death rate than for the
general population. The only subcategory of malignant neoplasms that yielded an SMR that
significantly exceeded 100 was “other lymphatic tissue.” There were 43 deaths versus 27
expected; the SMR was 162, with a 95% CI of 117-218. The subcategory “leukemia™ had 36
deaths versus 29 expected, for an SMR of 124, but the 95% CI was 87-172, thus rendering this
result nonsignificant. The author considered nine subdivisions or subsubdivisions of “leukemia”
and found that of the 36 deaths, 15 were for “acute myeloid” leukemia versus 8.5 of the 29
expected. These values yielded an SMR of 176 with a 95% CI of 103-285 for an apparently
statistically significant result. However, little if any credence can be given to this finding, in view
of the small numbers of deaths relative to the actual and expected totals. Thus, despite any claims
to the contrary by the author, the results of this study do not offer any confirmation of those in
Milham (1983).

Thomas et al. (1987) performed an analysis of brain tumor monality risk for men
occupationally exposed to RFR, lead, and soldering fumes in the petrochemical industry. They
obtained death certificates of men who had died at age 30 years or older from brain twmors or
other tumors of central nervous the system between 1 January 1979 and 31 December 1981 in
northern New Jersey and in Philadelphia and its surrounding counties. They also acquired similar
data for men who had died between 1 January 1978 and 30 June 1980 on the gulf coast of
Louisiana. The lifetime work histories for the case men were obtained from next-of-kin. One
control for each case was selected from men matched in age and year of death and area of
residence, but who had died from causes other than brain tumor.

Case men were classified regarding RFR exposure by two methods. In the first method, the
men were divided into two job-related categories: those engaged in the design, manufacture,
installation, or maintenance of electronic or electrical equipment; and those exposed to RFR in
other types of jobs (e.g., welding, radio broadcasting). In the second method, a certified industrial
hygienist independently assigned codes to each job in the lifetime occupational histories for
presumed exposure to RFR, to lead (high, moderate, low), and to soldering fumes (high, low).
The authors noted that the classifications for RFR exposure in the two methods overlapped
considerably, but that the second method included men in supervisory jobs not considered
exposed in the first method.

Information was available on 435 cases and 386 controls. Of the 435 cases, 300 had
astrocytic tamors, 90 had other recognized types of wmor cell, and 45 had unknown types of
tumor cell. The authors estimated the maximum-likelihood relative risk (RR) and 95% CI for
cach exposure and job category, and adjusted the data for potential confounding influences of
educational level. They regarded any RR as statistically significant if its 95% CI did not span 1.0.

The analyses showed significantly elevated RRs for astrocytic brain tumor among men
classified as exposed to RFR in jobs involving design, manufacture, installation, or maintenance
of electronic or electrical equipment. RRs were not elevated for exposure to RFR in other types
of jobs. The highest RR was for the combined classifications of engineers, teachers, technicians,
repairers, and assemblers. RR rose with exposure duration to tenfold for those in jobs associated
with the manufacture and repair of electronics for 20 or more years, but the RR for “tradesmen”
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(combined categories of clectricians, and power and telephone linemen) showed no consistent
pattern with increasing employment duration. On the other hand, the RRs were also higher for
electronics workers classified as not having been exposed to RFR.

Elevated RRs were reported for those exposed to soldering fumes, but the variations with
presumed exposure level were not large. However, nearly all of the men exposed to soldering
fumes had such exposure in electronics manufacture and repair jobs. RRs were not elevated for
lead exposure by level (low, medium, high) or overall.

On the basis of the results, the authors suggested that simple exposure to MW/RFR is not the
responsible agent for excess brain tumor risk, and noted that exposure to such radiation in
electronics jobs is probably intermittent and may be accompanied by exposures to lead, solder
fluxes, solvents, and other chemicals. They also stated that the results should be interpreted with
some caution because, when they calculated the risks for specific occupations and for individual
strata by duration employed, they obtained very small numbers in single groupings.

Burr and Hoiberg (1988) compared the hospitalization rates of 1063 Naval pilots, who
primarily flew “electronically modified aircraft” (the test group), with an age-matched control
group of 2126 pilots who flew other aircraft. A major difference between the two groups was that
the pilots of the test group were presumed to be subject to greater potential risks from exposure
to ionizing radiation (such as at high altitudes) and nonionizing radiation (e.g., from onboard
antennas, electronic equipment) than the control group.

The results showed that in the age range 21-26 years, control pilots had a significantly
higher mortality rate for aviation-related injuries and higher hospitalization rates for accidents,
poisonings, and violence than those in the test group. Also, in the age range 27-32 years, the
pilots in the control group had a significantly higher hospitalization rate for mental disorders.
The authors noted, however, that neither group had any hospitalizations for conditions related to
either ionizing or nonionizing radiation.

Wertheimer and Leeper (1979) sought for and found statistically significant correlations
between 60 Hz wiring configurations of homes in the Denver area and previous occurrence of
cancer in children dwelling in them. The study was criticized for the absence of measurements of
the fields in those homes, the possible presence of other agents known to contribute to cancer
incidence, and possible bias because the researchers had known which homes had the cancer
victims.

Savitz et al. (1986) conducted a similar but blind study on a different population in Denver.
Those researchers measured the magnetic field at various locations within homes and did find a
statistically significant correlation between the incidence of childhood cancer and proximity of
their homes to wires carrying high currents. However, the association between the incidence of
cancer and the magnetic fields actually measured was weaker than reported by Wertheimer and
Leeper, and was within the margin for measurement error. Again it was suggested that agents
other than the magnetic fields may have been responsible.

Other epidemiologic studies have been conducted on the possible association of cancer and
exposure to power line fields, particularly magnetic fields. Taken collectively, the findings of

those studies are inconclusive and the consensus is that further research is needed to determine
whether such a linkage is real.
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The EPA issued a preliminary report for external review (EPA, 1990) indicating a possible
link between exposure to electromagnetic fields (RFR as well as those from power lines) and
cancer. Recommended in the report was that electromagnetic fields in the exmemely low
frequency (ELF) range be classified as “probable human carcinogens,” in a class with
polychlorinated biphenyls (PCBs), DDT, and formaldehyde [see Microwave News, May/June
1990]. The report also recommended that RFR be designated as a “possible” carcinogen, in a
class with saccharin.

The director of the EPA office that prepared the report ordered the ELF recommendation
deleted in the absence of a mechanism of interaction and a dose-response relationship, and also
deletion of the recommendation regarding RFR. Thus, the preface dated 13 December 1990 1o
the October 1990 draft of the report stated that:

While there are epidemiologic studies that indicate an association between
EM fields or their surrogates and certain types of cancer, other epidemiologic
studies do not substantiate this association. There are insufficient data to
determine whether or not a cause and effect relationship exists.

Given the controversial and uncertain nature of the scientific findings of this
report and other reviews of this subject, this review draft should not be
construed as representing Agency policy or position,

Accounts of other activities regarding the EPA report, including comments by various
individuals on both sides of the controversy, are contained in subsequent issues of Microwave
News. Microwave News (September/October 1991), reported that the Committee on Interagency
Radiation Research and Policy Coordination (CIRRPC) of the White House Office of Science
and Technology Policy (OSTP) has urged the EPA to overhaul the report.

EPA’s Radiation Advisory Committee of the Science Advisory Board established a
subcommittee on Nonionizing Electric and Magnetic Fields to review the draft report. That
subcommittee has issued a report, SAB (1992), indicating its findings. The subcommittee
suggested numerous changes in emphasis, coverage, and wording, and concluded that the draft
report [EPA, 1990] will have to be rewritten to accommodate all of the suggestions and
comments.

The Science Advisory Board (SAB) of the EPA reviewed epidemiological studies on the
possible link between cancer and exposure to EMFs and reached the following conclusion (EPA,
1992):

‘Currently available information is insufficient to conclude that the electric
and magnetic fields are carcinogenic. Some human epidemiologic data
report an association between surrogates for electric and magnetic field
exposure and an increased incidence of some types of cancer, but the
conclusion of causality is currently inappropriate because of limited
evidence of an exposure response relationship and the lack of a clear
understanding of biologic plausibility.

‘Nonionizing electric and magnetic fields should not be classified under
EPA’s chemical carcinogenesis system because of present major
uncertainties. These involve an incomplete understanding of which aspects
of field-tissue interactions give rise to biologic effects.’
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As Section 2.3 of this appendix states, which discusses the basic differences between RFR
fields and those from power lines, whatever the outcome of the controversy about a linkage
between exposure to magnetic fields at power line frequencies and cancer incidence, the subject
is not relevant with regard to the RFR from WSR-88D.

Several epidemiologic studies were conducted expressly on possible ocular effects of
chronic exposure to RFR. The results of those studies are discussed in Section 3.1.3.2.

B.3.1.2 Congenital Anomalies

Two studies were conducted that sought a possible relationship between the occurrence of
Down’s syndrome and presumed exposure of the fathers to RFR from radars during military
service. In the first study, Sigler et al. (1965) examined the data, derived from Baltimore hospital
records and interviews with parents, on 216 Caucasian children with Down’s syndrome. The case
children were matched with 216 control children for hospital of birth (or birth at home), sex, and
birth date (within 6 months), and nearly all were matched for maternal age (within 1 year) at time
of birth. The parents were also matched for birthplace, residence, and hospital treatment.

Irradiation histories of the mothers were categorized as: diagnostic radiation excluding
fluoroscopy, fluoroscopic exposure, radiation for therapy, and occupational contact. One
statistically significant finding was that the percentage of case mothers that had received
fluoroscopic examinations before the birth of the case child was significantly higher than for the
control mothers. The percentage of case mothers who had at least one therapeutic radiation
exposure (mostly for skin ailments) and the percentage of case mothers who worked in a
professional or technical capacity in medical fields were also significantly higher than for the
control mothers.

The difference in the percentages of case and control fathers that had served in the military
was nonsignificant, but a higher percentage of case fathers reported close association with radars
as technicians or operators than the control fathers. The authors thus ascribed the higher
incidence of Down’s syndrome primarily to greater exposure of the case mothers to ionizing
radiation, but concluded: “The only truly puzzling association is the suggested relationship
between Mongolism [Down’s syndrome] and paternal radar exposure.”

In the second study, Cohen et al. (1977) reexamined the data in the first study, denoted as
the “Original Series,” along with the data on 128 additional matched pairs denoted as the
“Current Series.” They concluded that the findings for the Current Series did not support the
hypothesis that the fathers of the children with Down’s syndrome had had excessive radar
exposure or longer military experience.

Peacock et al. (1971) endeavored to assess whether the incidence of birth defects in
Alabama could be associated with proximity to military bases. They examined a state-wide file
of birth certificates by counties and found an overall rate of 10.3 newborns with anomalies per
1000 births, comparable to rates in other registries. A more detailed study of the data showed that
there were 17 anomalies per 1000 births for the military personnel in the 6-county area
surrounding Fort Rucker. By contrast, the anomaly rate for civilian births was 6.8 per 1000.

Peacock et al. (1973) reassessed the premise, but with data spanning 4 years rather than the
17 months examined previously. In addition, the data were corrected and rendered more accurate
than previously, and a more precise test of the reliability of inferences was performed that did not
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rely on the questionable use of a normal approximation. After accounting for “non-radar” factors,
the authors repeated the analyses for the Fort Rucker area and specifically for Lyster Hospital
(within Fort Rucker). In addition, as a “control” test, they compared the fetal death anomaly rates
in the military hospitals at Fort Rucker and Eglin Air Force Base (which they designated as
“radar bases”) with those of three military hospitals in bases with minimal radar networks.

The results of the retests confirmed that the total anomaly rate and the rates for several
specific anomalies were abnormally high at Lyster Hospital. The numbers of fetal deaths for
Lyster hospital and the hospital at Eglin Air Force Base were also comparable and “constitute
evidence that the problem may be associated with radar”.

Burdeshaw and Schaffer (1977) reexamined the original Alabama birth records, but
compared the data for Coffee and Dale Counties (within which Fort Rucker is located) with the
data from each of the other 65 counties in Alabama on a score and rank basis instead of the
statewide averages. They found little evidence that the incidence of congenital anomalies in the
Fort Rucker area was unusually high. The overall rate at Lyster was well within the expectations
for hospitals with characteristics similar to those of Lyster. When the addresses of mothers of
anomalous infants were plotted on county road maps, no significant clustering was found,
particularly in the vicinity of presumed radar sites.

Killén et al. (1982) hypothesized that physiotherapists (in Sweden) were likely to have had
greater occupational exposure to various agents (chemicals, drugs, X-rays, RFR) than the general
population. Therefore, they conducted a cohort study on 2043 infants born from 1973 to 1978 to
2018 women registered as physiotherapists during their pregnancies. They analyzed this cohort
for perinatal mortality and the presence of malformations by comparing the data with
information on all deliveries in the Swedish Medical Birth Register.

The results showed that for all endpoints, the expectation values for the total cohort were
statistically better than, or comparable to, those for the general population. The authors noted that
this excellent outcome could have been the result of a “healthy worker” effect; they thus
hypothesized that if hazardous exposure exists, it should be more common among the few
females who had dead or malformed infants than among those who had normal babies.
Accordingly, they did a case-control study within the cohort, in which they selected 37 infants
who had major malformations or those that did not but had died perinatally. Each infant was
compared with two normal infants matched for maternal age, parity, and season of delivery (to
compensate for work seasonality). Exposures for the case and control mothers were estimated
from the answers to a questionnaire that asked (in part):

Did you, during the pregnancy, work with or in close proximity to the
following:

¢ SW equipment: daily, often, seldom, never

¢ MW equipment: daily, often, seldom, never

« Ultrasonic equipment: daily, often, seldom, never
« X-Ray cquipment: daily, often, seldom, never

* Electrostimulator: daily, often, seldom, never
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Did you use hexachlorophene-containing soap (e.g., Phisohex): daily, often,
seldom, never

On careful review and interpretation of the results, they concluded that the physiotherapists
as a group had a slightly better than expected outcome for perinatal deaths and major
malformations than did the general Swedish population for the same period. They reported that
the use of SW equipment was higher among those who gave birth to a malformed or perinatally
dead infant. In a critique of the paper, however, it was pointed out that those results would
change from borderline significance to nonsignificance if one or two answers to the
questionnaire were based on faulty recall.

B.3.1.3 Ocular Effects

The cornea and lens are the regions of the eye most vulnerable to RFR at high levels by their
surface location and becaunse any heat produced by the RFR is more effectively removed from
other regions, particularly by blood circulation. Indeed, there have been several documented
carly cases of inadvertent exposure to RFR at levels high enough to cause cataracts, and
appropriate safety measures have been taken to avoid such exposure.

B.3.1.3.1 Eye Damage by RFR in Animals

Carpenter et al. (1960) exposed predominantly the right eyes of 136 rabbits to 2.45-GHz
CW RFR, one each at a level in the range 120 to 400 mW/cm? for respective durations of 60 to
10 min. After exposure, both eyes of each rabbit were examined at regular intervals with an
ophthalmoscope and slit-lamp microscope.

The unexposed left eye of each rabbit was found to be clear in postexposure follow-up
examinations. Level- and duration-dependent degrees of opacity were observed in the exposed
right eyes for some exposure conditions. Those opacities were uniformly located in the posterior
subcapsular cortex (PSC) and first appeared within 1 to 6 days after exposure, with a mean
latency of 3.5 days.

The outcome of each exposure condition was shown as a circle on a graph of power density
versus exposure duration, with solid circles for those that yielded lens opacities and open circles
for those that yielded no effect. A curve that connected the circles representing the shortest
duration at each power density that caused the development of an opacity was taken as the
relation between the threshold power density for opacity induction by a single exposure versus
exposure duration. The curve was a rectangular hyperbola, indicative of reciprocity (inverse
relationship), with a nonzero power-density offset (asymptote) for exposures of long durations.
The threshold exposure durations at 400 and 120 mW/cm? were about 3 and 35 min,
respectively, with intermediate durations for power densities between those two values. By
extrapolation for times longer than 60 min, the asymptotic threshold power density was roughly
80 mW/cm?2.

In a later study, Carpenter and Van Ummersen (1968) exposed one eye each of anesthetized
rabbits to 8.2-GHz or 10-GHz RFR, also for a range of durations and input powers (power
densities not indicated), and used the results to derive threshold-power versus exposure-duration
curves for those frequencies. The curves at 8.2 and 10 GHz were similar to each other and to the
curve for 2.45 GHz, but with an asymptote of 650 mW. For exposures to 8.2 and 10 GHz above
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threshold levels, however, the cataracts always developed in the anterior cortex of the lens,
whereas those for 2.45 GHz were typically located in the posterior cortex.

Guy and coworkers performed similar experiments at 2.45 GHz and obtained similar results,
including threshold curves of incident power density versus exposure duration. As reported in
Guy et al. (1975a), their threshold for exposure durations of 100 min (or longer) was roughly 150
mW/cm?2. In addition, they obtained the following results:

1. Increases in intraocular temperature of about 5°C or more are necessary for
thermal eye damage.
2. Eye opacifications solely from exposure to RFR levels above the threshold are

not produced at the same levels when the eye is cooled during exposure,
showing that cataract causation by RFR is basically a gross thermal effect.

By contrast, Kues et al. (1985) reported that exposure of the eyes of anesthetized monkeys to
2.45-GHz CW RFR in weekly 4 h sessions at 30 mW/cm? yielded moderate-to-major changes in
the numbers of corneal lesions seen with a specular microscope. Such lesions within fields of 1
mm?2 were counted in photographs of the central 6 mm of comea. The local SAR was 7.8 W/kg,
determined from temperature measurements in the eyes of live monkeys. Exposures at 5, 10, or
20 mW/cm2 (1.3, 2.6, or 5.2 W/kg) caused no damage to the corneal endothelium.
Representative results were presented for 1 monkey given 22 weekly sessions at 20 mW/cm?2,
then 8 sessions at 30 mW/cm2, and last, 2 series of 4 consecutive daily sessions at 20 mW/cm2.

This study also appeared to indicate that exposure to 2.45-GHz pulsed RFR caused more
effects than did exposure to 2.45-GHz CW RFR. Weekly 4-hour sessions of pulsed RFR at 10
mW/cm? average power density (2.6 W/kg) yielded minor or no corneal damage, but consecutive
daily sessions at this level caused major damage ~ apparent evidence for effects of cumulative
exposure. Moreover, one monkey showed major damage after only 1 session of pulsed RFR at 15
mW/cm? (3.9 W/kg).

Several representative specular micrographs were presented. Among those was one from a
monkey before exposure, which clearly delineated the hexagonal cell boundaries and the nuclei
of most cells, and exhibited no lesions. However, a photomicrograph, taken 48 h after another
monkey was given a single 4 h exposure of pulsed RFR at 15 mW/cm2, exhibited numerous
lesions over areas of normal mosaic, each involving one cell or several contiguous cells. Also, a
specular photomicrograph for a monkey 48 h after a session at 10 mW/cm?2 showed a similar

Kues and coworkers (Kues and Monahan, 1992; Kues, et al., 1992) conducted a similar
study, which also showed that 2.45-GHz pulsed RFR (10-ys pulses at 100 pps) caused comeal
lesions at a lower average power density (10 mW/cm2) than 2.45-GHz continuous wave RFR
(20-30 mW/cm?2). They also found that pulsed RFR at 10 and 15 mW/cm2 caused iris damage in
the form of increased vascular leakage through the blood-aqueous barrier. Leakage apparently
occurred at some time during the 4-hour exposures and persisted up to 72 hours postexposure.
The use of horseradish peroxidase (HRP) as the tracer in subsequent histopathologic
examinations of some eyes confirmed the occurrence of such vascular leakage.

The authors then studied the effects of the drugs timolol maleate and pilocarpine,
administered just before RFR exposure, on RFR-induced iris vascular leakage. Both drugs are
clinically used to treat glaucoma (abnormally high intraocular pressure). They were selected to
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test for possible thermal mechanisms for the observed vascular leakage; timolol was chosen
because it had been shown to protect the eye against heat-induced disruption of the blood-
aqueous barrier, and pilocarpine was chosen because it is known to increase the permeability of
the barrier to the tracer sodium fluorescein when the iris is heated excessively. Exposures were to
2.45-GHz pulsed RFR for 4 hours a day on 3 consecutive days at a specific average power
density for each sequence: 0 (sham), 5, 10, or 15 mW/cm?2 with or without drug application just
before exposure. The corresponding SARs in the eye were 0, 1.3, 2.6, and 3.9 W/kg.

The results of treatment were scored for each eye as follows: 1 for no vascular leakage, 2
for minor leakage of fluorescein in tissue and the anterior chamber, 3 for moderate leakage
consisting of partial filling of the anterior chamber with fluorescein more than 5 minutes after
tracer injection, and 4 for significant fluorescein leakage within the first 3 minutes after tracer
injection.

With neither drug applied, the mean vascular-permeability score was 1.0 (no effect) for 5
mW/cm2 as well as sham-exposure; the mean scores for 10 and 15 mW/cm2 were 2.1 and 2.8,
both significantly higher than for sham-exposure (by t-test) but not significantly different from
each other. For timolol, the mean scores for 0, 5, 10, and 15 mW/cm?2 were respectively 1.0, 2.7,
2.7, and 3.5; the latter three scores were all significantly higher than for sham-exposure, but the
scores for 5 and 10 mW/cm2 were the same. The corresponding scores for pilocarpine were 1.0,
2.4, 2.8, and 4.0. Again, the latter three scores were significantly higher than for sham-exposure,
but the scores for 5 and 10 mW/cm?2 did not differ significantly from one another. Thus, for each
drug, a mathematical relationship between the RFR-drug response and power density is not
readily discernible.

Similar comparisons, at fixed power densities, of mean scores for either drug versus its
absence also seem ambiguous. At S mW/cm2, for example, the mean scores for timolol and its
absence (2.7 and 1.0 above) differed significantly, but those at 10 mW/cm?2 (2.7 and 2.1) and at
15 mW/cm2 (3.5 and 2.8) did not. Analogous results were obtained for comeal endothelial
damage.

To estimate the threshold power density for the effects with timolol pretreatment, the authors
exposed primates at 0.2 mW/cm?2 (0.05 W/kg) and 1.0 mW/cm2 (0.26 W/kg). The mean scores
for vascular permeability were 1.0 and 2.9, with the latter score significantly higher than for
sham-exposure. However, the mean score for 1.0 mW/cm?2 (2.9) was comparable to the mean
score for 5 and 10 mW/cm2 (both 2.7). This result led the authors to conclude that timolol
pretreatment reduced the threshold power density by a factor of 10.

As in Kues et al. (1985), the use of the same animals in different aspects of the study is open
to question. Also unclear in this and the previous study was the dosimetry: the SARs were
determined from in vivo temperature measurements at the corneal epithelium, but the authors
gave no indication about the accuracy or reliability of those measurements. Another point not
discussed was whether any significant differences occurred in results between the, presumably,
equally treated left and right eyes of the subjects.

Stewart-DeHaan et al. (1985) excised the eye lenses from rats and exposed the lenses to 10-
Hs pulses of 918-MHz RFR at several SARs, repetition rates, and durations in a waveguide
system while keeping the lenses at constant temperature. The lenses were fixed immediately after
exposure, and depth of granular degeneration in the equatorial region, determined by scanning-
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electron or light microscopy, was taken as the extent of lens damage. The pulses had a forward
peak power of 24 kW and repetition rates that yielded mean forward powers in the range 65 to
0.5 W, with corresponding SARs in the range 1300 to 10 W/kg.

Statistical analyses indicated that lens damage increased with both exposure duration and
SAR, with evidence for reciprocity. The authors stated that lens damage could be detected by
scanning electron microscopy after 6 min of exposure at 40 and 20 W/kg, and by light
microscopy after 1 h of exposure at 10 W/kg.

Creighton et al. (1987) reported on similar experiments, but with CW as well as pulsed RFR.
Again, 10-ps pulses of 918-MHz RFR at 24 kW peak power were used; these were delivered at
repetition rates that yielded SARs in the range 5.75-750 W/kg and durations of 6, 20, or 60 min.
The range of total energy deposited in the lens was 0.23-15 watt-minutes per gram [W-min/g;
0.0138-0.90 joules per kilogram (J/kg)]. The results indicated that the pulsed RFR caused about
4.7 times greater depth of lens damage than the CW RFR at the same SAR for every combination
of SAR and exposure duration except at 23 W/kg for 6 min. The authors suggested that the added
damage could be ascribed to the thermoelastic effect of the pulses (see Section 3.1.4).

Foster et al. (1986) exposed the heads of anesthetized rabbits for 30 min each to 2.45-GHz
RFR at various input powers in a waveguide system. The head of each rabbit was inserted in the
waveguide with the left eye toward the RFR source. Measurements of input, reflected, and
transmitted powers permitted determination of rates of energy absorption within the head. In
each case, the transmitted power was negligible; as a result, the difference between the incident
and reflected powers represented the power absorbed in the head. For the same reason, the right
eye received virtually no power, thereby serving as the control for the left eye.

Immediate postexposure eye changes were noted, and each rabbit was given slit-lamp
examinations for about 2 months. No changes were seen in the control eyes. The incidence of
lens changes (in the left eyes) was plotted against both incident power and absorbed power (rate
of energy absorption). Forward power and absorbed power were calculated at 8.7 W and 5.75 W,
respectively. For a 375-g head, 5.75 W corresponds to a whole-head SAR of 15.3 W/kg. From
measurements of rectal temperature, the authors found that 80% of the energy absorbed in the
head was redistributed systemically, a finding that substantiates the concept that the
thermoregulatory capabilities of animal influence thresholds.

Because the exposures in the waveguide were to the dominant electric field (TE ¢ mode),
the authors calculated the power density corresponding to the 8.7-W threshold and obtained 285
mW/cm?2. They also calculated the equivalent free-space electric-field intensity to be 704
mV/cm. On the basis of these values, they noted that their waveguide power-density threshold
compared well with those found with other kinds of exposure systems that provided quite
different electric field intensities, and they concluded that the rate of energy absorption rather
than the peak electric field is the significant parameter in RFR cataractogenesis.

B.3.1.3.2 Ocular Effects of RFR in Humans

Various epidemiologic studies expressly on possible ocular effects of RFR have been done.
As with epidemiologic studies on other biological endpoints, the results were mixed. The
following are representative.
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Cleary et al. (1965) analyzed the incidence of cataracts in Army and Air Force veterans of
World War II and the Korean War for possible association with occupational exposure to RFR.
Examination of Veterans Administration hospital records produced 2946 veterans born after
1910 who had been treated for cataracts during the 1950-1962 period. A random sample of 2164
veterans hospitalized during the same period for other ailments was selected for control. By use
of the military occupational specialties (MOSs), the authors classified each person as a radar
worker, a nonradar worker, or one whose specialty could not be discerned.

In the radar group, the authors found only 19 with cataracts and 2625 without cataracts; in
the nonradar group, only 21 had cataracts and 1935 did not. (Of the other 510 veterans, 202 of
those with cataracts and 125 of those without cataracts had no indicated MOSs and the remaining
100 of those with cataracts and 125 of those without cataracts had MOSs that did not permit the
determination of occupational category.) Evidently, at the outset, the small numbers of persons
with cataracts in both groups yielded no basis for an association between RFR exposure and
cataract causation. The authors indicated that the overall relative risk factor was 0.67, as
compared with 1.0 for no increase in relative risk and values larger than 1.0 representing the
degree of severity of the effect.

Cleary and Pasternack (1966) analyzed responses to a questionnaire on the occupational
histories of personnel then currently employed at 16 MW installations, and used the histories to
differentiate controls from exposure cases. They thereby selected 736 workers as occupationally
exposed to RFR and 559 workers from the same locations and occupational environments (other
than RFR) as controls. Exposure cases were grouped into occupational specialties by considering
the types and functions of equipments used and the average generated powers, RFR frequencies,
and modes of power termination. Exposure severity was classed by considering duration of work
with each type of equipment, working distance from the equipment during normal operation, and
specific type of work performed. Exposure scores were then determined by assigning appropriate
weights to those factors (e.g., proportionality to average power, inverse proportionality to
equipment distance).

The persons in both groups were examined with a slit lamp, and each was graded for
subcataractous lens changes, classified as minute defects, opacification, reluctency, sutural
defects, and posterior polar defects. A grade of 0 for “insignificant” to 3 for “large numbers or
major degree of change (short of clinically recognized cataract)” was assigned in each category
for each lens. An “eye score™ consisting of the unweighted sum of scores for each type of defect
was calculated.

A linear regression model was used for cach group to relate mean eye score to age on the
basis that the major increase in eye score with time was due to physiological aging of the lens.
The slope of the regression line for the exposed group was significantly higher than for the
control group; the lines crossed at 20 years of age with a mean score sum of 4.2. However, the
authors remarked that no detrimental effects such as loss of visual acuity or higher propensity for
cataract formation were associated with those subclinical cye changes, and that the results may
indicate an acceleration of aging of lens tissue.

In addition to the usual uncertainties regarding actual exposure frequencies, levels, and
durations, the grading of each worker for lens changes on an arbitrary 0-3 scale and the use of
composite eye scores were open to question. These measures are subjective and not associated
with actual reduction in visual acuity in the individuals examined: statistical analyses based on
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such measures can be misleading. Other problems were a significant difference in age
distribution betrween the exposed and control groups and the age-related lens changes in both.

In three studies (Appleton and McCrossan, 1972; Appleton, 1973; Appleton et al., 1975),
surveys were conducted of the eyes of personnel at Army posts where various types of electronic
communication, detection, guidance, and weather equipment were under development, test, and
use. Examinations were conducted by ophthalmologists who had no prior knowledge of the
histories of the individuals. The visual acuity of each person was determined. Then the pupil of
each eye was dilated and the fundus was examined by direct ophthalmoscopy, with particular
attention on the details of the posterior pole. The presence or absence of opacities or vacuoles
and their location and number were recorded, as was the presence or absence of posterior
subcapsular iridescence (PSCI), a manifestation claimed by others to be associated with RFR
exposure.

The authors concluded that the available clinical evidence did not support the assumption
that cataracts in personnel performing duties in the vicinity of MW generating equipment result
from MW exposure, unless a specific instance of severe exposure can be documented and
correlated with subsequent cataract development. However, they did not present any statistical
treatment of the data.

Hollows and Douglas (1984) examined the lenses of 53 radio linemen who were
occupationally exposed to RFR in erecting and/or maintaining radio, television, and repeater
towers throughout Australia. The group included workers who had maximal cumulative RFR
exposure, but excluded those known to have cataracts or who had cataracts removed. The RFR
frequencies ranged from 558 kHz to 527 MHz. Power density measurements in and around work
arcas yielded values in the range 0.08-4000 mW/cm2, The results of these examinations were
statstically compared with those for 39 age-matched controls from the same Australian states
who had never been radiolinemen.

The primary ocular finding was of posterior subcapsular cataract (PSC) in one or both eyes
of 11 of the 53 radiolinemen (21%), compared with 3 of 39 controls (8%), or alternatively in 19
of the 106 eyes (18%) of the radiolinemen compared with 6 of the 78 control eyes (8%). The first
result was not statistically significant, and the second was barely significant at the 5% level. The
authors concluded that the excess of PSC radiolinemen may be work-related. However, the
contribution of RFR exposure to those results is unclear because nuclear sclerosis, a type of lens
opacity frequently atributed to exposure to solar irradiation, was reported in 50 (47%) of the
eyes of the radiolinemen and 34 (44%) of the eyes of the controls. Also, the authors did not
indicate the degree of vision degradation due to PSC and/or nuclear sclerosis.

Hocking et al. (1988) sought possible effects on the health of 9 radio linemen due to
exposure to 4.1-GHz RFR from an open waveguide that was inadvertently activated. The men
were divided into a “high-exposure” group comprising 2 individuals who had been exposed to
4.6 mW/cm? for up to 90 min, and a “low-exposure” group comprising the other 7 men who had
been exposed to less than 0.15 mW/cm2. By calculation, upper SAR limits for the skin, pituitary
gland, and whole body for the high-exposure group were respectively 3.8, 0.06, and 0.13 W/kg.
The range of SAR in their eye lenses was calculated to be 1.2-1.5 W/kg.

Both men in the high-exposure group reported loosening of their scalp hair, beginning about
2 weeks after exposure and lasting about a month. One of these individuals claimed temporary
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sexual impairment and persistent symptoms of insomnia and irritability. The other individual had
a moustache that was not affected.

The men in both groups were given medical examinations, their eyes were examined by
ophthalmologists periodically for 9 months, and blood and semen samples were evaluated. One
individual in each group exhibited significant elevation of creatine phosphokinase. No other
significant biochemical or hematologic abnormalities were found in the high-exposure group.
Three men in the low-exposure group exhibited mild abnormalities in liver function (ascribed to
alcohol).

The authors tabulated the results of the ophthalmic examinations of each subject. In the first
postexposure examination, the individuals in both groups had various eye abnormalities, but
vision was normal in all. In the second post-exposure examination, eye changes were seen in
both groups, but the third examination showed no further changes. The authors suggested that the
changes could be ascribed to observational differences among the ophthalmologists. Their
general conclusion was that the slight abnormalities seen in both groups were inconsistent and
were unlikely to have been due to the RFR exposure.

B.3.14  Auditory Effects

Humans near some types of pulsed radar transmitters have perceived single pulses or pulse
trains of RFR as audible clicks (without the use of electronic receptors). Considerable
expenimental evidence supports the hypothesis that an RFR pulse having a peak power density
and duration within specific limits can produce a transient thermal gradient in the head large
enough to generate a transient elastic wave at 2 boundary between regions of dissimilar dielectric
properties and that this wave is transmitted by bone conduction to the middle ear, where it is
perceived as a click. Persons with impaired hearing are unable to hear such clicks, and animals
with destroyed cochleas (inner ears) do not exhibit RFR-pulse-induced evoked responses in the
brainstem.

Frey (1961) exposed human volunteers to either 6-us pulses of 1.3-GHz RFR at 244 pps or
to 1-ps pulses of 3.0-GHz RFR at 400 pps. The mean average-power-density thresholds for
perception were found to be 0.4 mW/cm?2 at 1.3 GHz, and 2 mW/cm? at 3.0 GHz. The
corresponding peak power densities were 270 and 5000 mW/cm?2.

The author also tested four subjects having hearing loss (for air-conducted and/or bone-
conducted sound) for perception of 1.3-GHz RFR. Subject 1, with both kinds of hearing loss
above about 2 kHz, was unable to perceive the RFR pulses at intensities 30 times above the
threshold. Subject 2, with bilateral severe air-conduction loss (about 50 dB) but moderate bone-
conduction loss (about 20 dB), did perceive RFR pulses at about the threshold level. Subject 3,
who suffered from tinnitus and bilateral hearing loss ranging from about 10 dB at 250 Hz to
about 70 dB at 8 kHz for air conduction, more severe loss for bone conduction, and who had
been diagnosed as having neomycin-induced nerve deafness, was not able to perceive the RFR
pulses. Subject 4, with normal bilateral air-conduction hearing to about 4 kHz but severe bilateral
bone-conduction loss, also could not perceive the pulses.

Frcy (1962) found that some subjects with an audiogram notch around S kHz (and adequate
hearing above and below 5§ kHz) did not perceive RFR pulses as sound. The author also
speculated about the possible sites and mechanisms of detection, including RFR-induced changes
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of electrical capacitance between the tympanic membrane and the oval window, detection in the
cochlea, and interaction of RFR with neuron fields in the brain. He discounted the first
possibility because of insensitivity of the RFR-hearing effect to head orientation relative to the
RFR source, and noted that the then-current experimental results were inconclusive with regard
to the other two possibilities.

Frey (1967) subsequently tried to resolve this point by implanting an electrode in the cat
brain stem and studying the potentials evoked by 10-ps pulses within the range 1.2-1.5 GHz. The
results were not conclusive and may have cantained artifact.

Frey and Messenger (1973) exposed humans to pulsed 1.245-GHz RFR at 50 ;ps in an RFR
anechoic chamber. In one set, the average power density was held at 0.32 mW/cm# and the pulse
width was varied from 10 to 70 ps in 10-ps increments, for peak power densities from 640 1o 91
mW/cm2. In another set, the peak power density was held at 370 mW/cm? and the pulse width
was varied over the same range, for average power densities from 0.19 to 1.3 mW/cm2. Four
subjects with clinically normal hearing were each given three trials.

The results were shown as logarithmic plots of median values of perceived loudness versus
peak power density and versus average power density. From their data, the authors calculated
that the peak-power-density threshold for perception of RFR pulses is about 80 mW/cm?, a value
lower than those reported subsequently by Cain and Rissman (1978), discussed below.

White (1963) noted that when the surface of a body is transiently heated by RFR absorption
(or electron bombardment), elastic waves are produced by surface motion due to thermal
expansion. This process was analyzed theoretically, with emphasis on the case of an input heat
flux varying harmonically with time, to relate the amplitude of the elastic waves to the
characteristics of the input flux and thermal and elastic properties of the body. The results of
experiments with both electron impact and RFR absorption verified the proportionality of the
stress wave amplitude and the absorbed power density, and correlated well with the thermal and
elastic properties of the heated medium.

Foster and Finch (1974) confirmed White's findings that RFR pulses can produce acoustic
transients in water, and showed by calculation that for short pulses, the peak sound pressure is
proportional to the energy per pulse, whereas for long pulses, it is proportional to the incident
power density. Using 2.45-GHz RFR in several pulse-power-density and pulse-duration
combinations and a hydrophone in saline, they found that the transition between the 2 regimes is
for pulse durations between 20 and 25 ps. They also found that acoustic signals were not
obtained in water at 4°C (where its thermal expansion coefficient is essentially zero) and that the
polarity of the transient acoustic signal between 0° and 4°C was reversed from that for
temperatures above 4°C. Those results support the thermoelastic expansion hypothesis.

Taylor and Ashleman (1974) surgically prepared three groups of cats for recording the
potentials evoked by acoustic and RFR stimuli in three brain regions and for observing the effect
of cochlear disablement. For presenting acoustic stimuli, a piezoelectric transducer was mounted
on the dorsal surface of the frontal bone of each cat. In the first group, a glass microelectrode
filled with physiological solution was inserted into the vestibulocochlear nerve and the round
window on that side of the head was surgically exposed. In the second group, a microelectrode
was inserted at a site that yielded acoustically evoked potentials, and both round windows were
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surgically exposed. In the third group, a Teflon-covered carbon electrode was placed on the
primary auditory cortex, and both round windows were surgically exposed.

The connections to the electrodes were made with carbon leads of high resistance. The
acoustic stimuli were produced by feeding 10-us electric pulses to the transducer at 1 pps. The
RFR stimuli were 32-ps, 2.45-GHz pulses at 1 pps from a horn placed 10 cm from the cat’s head.

The results indicated that cochlea destruction yielded a total loss of the evoked potentials to
both acoustic and RFR stimuli. The authors concluded that in animals the transduction of RFR
pulses into acoustic stimuli occurs in the cochlea in a manner similar to that of conventional
acoustic stimuli.

In experiments similar to those of Taylor and Ashleman (1974), Guy et al. (1975b) studied
the effect of cochlea disablement. Cats were prepared surgically for recording evoked potentials
in the eighth cranial nerve, medial geniculate nucleus, and primary auditory cortex. After
establishing that appropriate responses were obtained with RFR and acoustic pulses, the cochlea
was disabled. Total loss of all evoked potentials resulted, even with the highest available peak
acoustic and RFR powers and with computer averaging of large numbers of signals.

Guy et al. (1975b) also determined the power-density threshold and modulation
characteristics for the RFR-hearing effect in two volunteers. The authors exposed the back of the
head of the two humans to RFR at 15-30 cm from the aperture of a horn in an anechoic chamber
at an ambient noise level of 45 dB, with RFR-absorbent material around the vicinity of the
subject to eliminate reflections. The RFR consisted of 2.45-GHz pulses with durations that varied
from 1 to 32 ps. For each duration, the RFR was presented in trains of 3 pps, with 100 ms
between pulses. In each case, the subject signaled when perceiving an auditory sensation. From
standard audiograms taken before exposure, the hearing threshold of subject 1 was normal and
subject 2 had a deep notch at 3.5 kHz in both ears for both air and bone conduction.

For subject 1, the threshold for RFR perception was found to be a constant peak energy
density (product of peak power density and pulse duration) of 40 mJ/cm2 per pulse irrespective
of pulse duration. At 3 pps, the corresponding average power density was 0.12 mW/cm2. When
subject 1 wore ear plugs, the threshold peak was only 28 mJ/cm? per pulse. The threshold for a
pair of pulses spaced within several hundred pus was the same as for one pulse with the same total
energy as the pair. Similar results were obtained for subject 2, but the threshold peak energy
density was 135 mJ/cm? per pulse, about threefold higher than for subject 1.

The authors noted that each pulse was perceived individually as a click and that trains of
short pulses were heard as chirps of tones that corresponded to the pulse repetition rate. In
addition, when the pulse generator was keyed manually, digital (Morse) code transmitted thereby
could be interpreted accurately by the subject.

Cain and Rissman (1978) used 3.0-GHz RFR pulses to study the RFR-auditory effect in 2
cats, 2 chinchillas, 1 beagle, and 8 human volunteers. For the animals, surface or brainstem-
implanted electrodes were used to measure the responses evoked by audio clicks from a speaker
and the responses to 5-, 10-, and 15-us pulses.

For one cat, the threshold peak power densities were 2.2 W/cm? for 5-us pulses, 1.3 W/cm?2
for 10-us pulses, and 0.58 W/cm? for 15-us pulses, and were respectively 2.8, 1.3, and 0.58
W/cm?2 for the other cat. For the beagle, the threshold values for the three pulse durations were
1.8, 0.30, and 0.20 W/cm?2. For the chinchillas, the values were 2.8, 2.0, and 0.58 W/cm2 for one,
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and 2.2, 1.0, and 0.50 W/cm? for the other. Thus, the beagle had the lowest absolute threshold,
and compared to the other animals, the lowest thresholds at corresponding pulse durations.

The eight volunteers were given standard audiograms for both air-conducted and bone-
conducted sound. In addition, because audiograms do not test hearing above 8 kHz, binaural
hearing thresholds were determined for seven of the subjects for tone frequencies in the 1- to 20-
kHz range. RFR pulses were presented at 0.5 pps. Each subject wore foam ear muffs during
exposure, to reduce the ambient noise level, which was 45 dB.

Subjects 1-5 could hear 15-pus pulses as clicks; their peak power density thresholds were
respectively 300 1o 1000 mW/cm?2. Subjects 1-5 could also hear 10-ps pulses, with peak power
density thresholds of 225 to 2000 mW/cmZ2. Only subject 1 was able to perceive 5-ps pulses, with
a threshold peak power density of 2500 mW/cm2. By contrast, subjects 6-8 could not hear the 5-,
10-, or 15-ps pulses at the highest available peak power density but could perceive 20-ys pulses.

The authors found no correlation between the RFR results and the standard audiograms.
However, they did note that a strong correlation existed between perception of RFR and hearing
ability above 8 kHz as determined from the binaural thresholds. They also stated that their results
are consistent with the hypothesis that an induced pressure wave in the human head in response
to short RFR pulses contains a significant portion of its energy at frequencies above 8 kHz.

In summary, the results of Cain and Rissman’s (1978) work with humans indicate that only
subjects 1-3 could perceive 15-Us pulses, with a pulse-power-density threshold as low as 300
mW/cm2 (energy-density threshold of 4.5 mJ/cm?2). Only subject 2 could hear 10-ps pulses, with
225 mW/cm? (2.3 mJ/cm?) as the threshold; the thresholds for the other subjects were much
higher than 300 mW/cmZ2. Only subject 1 was able to perceive 5-us pulses, but with a threshold
of 2500 mW/cm2. Those thresholds were for 45 dB of ambient noise and could be higher in
noisier environments. Thus, the value 300 mW/cm? can be taken as the nominal human RFR-
hearing pulse-power-density threshold for pulse durations of about 10 ps or longer.

It is noteworthy that Cain and Rissman (1978) had exposed the human volunteers to pulses
of 3.0-GHz RFR at peak power densities as high as 2500 mW/cm? with no apparent ill effects.

Chou and Galambos (1979) investigated effects in 10 guinea pigs of external-ear blocking,
middle-ear damping, and middle-ear destruction on brainstem-evoked responses (BERs) to both
acoustic and RFR stimuli. The basic measurement technique was to record the amplitudes and
latencies of the BERs to acoustic stimuli and to RFR pulses with a pair of carbon-loaded Teflon
electrodes, one of which was attached to the left mastoid process and the other to the skin. The
results showed strong evidence that activation of the cochlea is necessary for auditory perception
of pulsed RFR and that perception is due to transduction into acoustic waves that travel via bone
conduction to the cochlea or are generated directly in the cochlea itself.

Tyazhelov et al. (1979) studied the qualities of apparent sounds perceived by humans from
exposure to 800-MHz pulsed RFR. The parietal area of the head was exposed to the open end of
a waveguide fed from a 500-W source. Pulse durations ranged from 5 to 150 ps. The pulses were
presented either continuously at 50 to 2000 pps (the latier for short pulse durations, to limit
average power density) or in trains of duration 0.1 to 0.5 s at rates of 0.2 to 2.0 trains/s. Each
person could be presented with sinusoidal audiofrequency (AF) sound waves independently of,
or concurrently with, the pulsed RFR, and each person could adjust the amplitude, frequency,
and phase of the AF signal to match the timbre and loudness of the perceived RFR.
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The high-frequency auditory limit (HFAL) of each subject for tones from 1 kHz upward was
tested first. Three subjects had HFALs below 10 kHz and could not perceive 10-30 us RFR
pulses, results that were consonant with those of Cain and Rissman (1978). Of 15 subjects with
HFALS above 10 kHz, only one could not perceive the RFR pulses.

All of the perceptive subjects noted that 10- to 30-pus pulses delivered at 1,000 to 12,000 pps
at peak power densities exceeding S00 mW/cm?2 produced sound of polytonal character that
seemed to originate in the head, and that the quality of the sound changed with increasing pulse
repetition rate (PRR) in a complex manner. Loudness diminished sharply and the sound became
more monotonal as the PRR was increased from 6000 to 8000 pps, but no more than 3
distinguishable tonal transitions occurred. Subjects with HFALs below 15 kHz were unable to
distinguish between the sounds perceived from a 5000-pps and a 10,000-pps signal, and subjects
with more extended HFALS reported that the pitch for a 5000-pps signal was higher than for a
10,000-pps signal.

The subjects were able to detect small (5%) shifts of PRR only in the 8000-pps region; at
lower PRRs, the subjects erred on 100% of tests to detect the direction of PRR change, indicating
that increases of PRR were often perceived as decreases in frequency. For pulses of constant
peak amplitude, loudness was perceived to: increase with duration from 5 to 50 us, decrease
from 70 to 100 ps, and increase again for 100 ps and upward. Such patterns of perception were
exemplified by plots of threshold pulse power (normalized to the 10-kHz PRR threshold) versus
PRR for a subject with a 14-kHz HFAL and another subject with a 17-kHz HFAL. The curves
were roughly W-shaped, with a central relative maxima at about 8 kHz. A plot of mean threshold
pulse power (normalized to the threshold at 50-ps pulse duration) was also presented for subjects
unable to perceive sounds for pulses longer than 50 us. This curve was also W-shaped, with a
central relative maximum within the pulse range 100-120 pus.

When acoustic tones above 8 kHz were presented concurrently with 10- to 30-ps pulses at
PRRs slightly above or below 8 kHz, the subjects reported hearing beat-frequency notes. For a
PRR of 800 pps, similar beat frequencies were perceived when the acoustic frequency was set
slightly above or below harmonics of the PRR. Moreover, when the tone and PRR frequencies
were matched and the subjects were allowed to vary the phase of the acoustic tone, cancellation
of perception of the two stimuli could be achieved. By proper phasing, the subjects with HFALSs
below 15 kHz could also achieve perception cancellation between a 10-kHz acoustic signal and a
5-kHz train of pulses.

The authors also reported that the sensory characteristics (pitch and timbre) evoked by RFR
pulses shorter than 50 ps in duration were perceived as well when subjects’ heads were lowered
into seawater, with loudness diminishing roughly in proportion to the immersion depth and
vanishing entirely with total immersion. For pulses longer than 50 us, even partial immersion
resulted in loss of perception.

Olsen and Hammer (1981) studied a spherical brain-equivalent model 10 cm in diameter.
The model was exposed to 1.10-GHz RFR from an open section of waveguide, either as single
pulses of 4-kW peak power and duration that was varied or as bursts of 3 pulses with an
adjustable interpulse interval. For a nominal 10-ps pulse, the SAR was 824 W/kg at the center of
the sphere and 653 W/kg at the surface facing the source. A hydrophone was placed at the center
of the model to detect thermoelastic waves.
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Exposure of the spherical model to single 14-ps pulses yielded ringing for each pulse, with a
fundamental frequency of about 16 kHz and a time constant of about 500 us. A plot of
hydrophone response versus pulse duration over a 10- to 60-us range showed maximum
responses for 20-ys pulses. Bursts of 3 pulses each at burst frequencies ranging from 10 to 30
kHz yielded higher amplitudes than single pulses, with maximum enhancement at 16 kHz.

Olsen and Lin (1981) performed similar studies on spherical brain-equivalent models 6, 10,
and 14 cm in diameter exposed to 10-kW, 1.10-GHz single pulses and to 3-pulse bursts from an
open waveguide section. A plot of the peak hydrophone responses of the 6-cm sphere to bursts of
10-ps pulses versus burst frequency showed maximum response at 25.5 kHz. The corresponding
data for the 10-cm sphere were the same as for those in Olsen and Hammer (1981). The response
of the 14-cm sphere to single pulses was ringing at a fundamental frequency slightly above 10
kHz, and was maximum for 35-ps pulses. The responses of that sphere to bursts of 35-Us pulses
had a peak at 11.5 kHz. Plots of the experimentally determined fundamental resonant frequencies
for the three models occurred on the curve of resonant frequency versus head radius, derived
from the thermoelastic theory for a homogeneous brain sphere with stress-free boundaries,
thereby supporting that theory.

B.3.1.5 RFR Shock and Burn

People could experience electric shock or tissue burns when in the vicinity of transmitters
that emit RFR at frequencies below about 100 MHz, and IEEE (1991) guidelines includes
maximum exposure limits for avoidance of such effects. Such effects are of no concern with
regard to WSR-88D because WSR-88D’s 2700- 1o 3000-MHz RFR frequencies are much higher
than 100 MHz.

B.3.2 Mutagenesis, Cytogenetic Effects, and Carcinogenesis

Mutagenesis and carcinogenesis are considered to be related, and many chemicals are
screened for potential cancer-causing properties by testing whether such chemicals produce
mutations in specific bacteria. RFR-induced mutagenic effects have been sought in various plants
and animals. Relatively few studies have been conducted to determine whether RFR per se (e.g.,
3 GHz) induces or promotes cancer. On the other hand, a few controversial epidemiologic studies
have reported a statistical association of cancer promotion with exposure to power line fields (60
Hz). Some have wrongly inferred that such findings are applicable to RFR exposure, a subject
that is discussed more fully later.

B.3.2.1 Microorganisms and Fruit Flies

Various strains of Escherichia coli (E. coli) bacteria, Salmonella, or yeast are often used for
seeking mutagenic and cytogenetic effects because cultures of these organisms can be grown
under well controlled conditions and examined for the effects of various agents on growth,
survival rates, and genetic changes. The fruit fly is also commonly used for mutagenesis
investigations.

Blackman et al. (1976) sought possible mutagenic effects of RFR in a strain of E. coli in

which mutations can be detected readily. Cultures were held at constant temperature while
exposed to either 1.7-GHz at 2 mW/cm2 (3 W/kg) or 2.45-GHz RFR at 10 or 50 mW/cm? (15 or
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70 W/kg) for 3 to 4 h. No significant differences in genetic activity were found between cultures
exposed to either frequency for less than 3.2 h and sham-exposed cultures.

Dutta et al. (1979) obtained similar results with Salmonella cultures exposed to 2.45-GHz
RFR at 20 mW/cm? (40 W/kg).

Anderstam et al. (1983) investigated whether RFR is mutagenic for E. coli or Salmonella
bacteria (using a total of 11 strains). The RFR frequencies, 27.12 MHz and 2.45 GHz, were
selected because of their wide use in industry. For some RFR treatments, some strains showed
higher growth and others lower growth than their respective controls. Many of the changes were
statistically nonsignificant, but the overall trend was toward RFR-induced increase in growth.
Other results were both increases and decreases in mutant counts relative to controls, but most
differences were nonsignificant.

In a study with the fruit fly, Pay et al. (1972) exposed male flies for 45 min to 2.45-GHz
RFR at 6 mW/cm2. Within 30 min after exposure, each male was placed in a vial with two virgin
females. After initial mating, each male was placed in a new vial with two new virgin females
every 24 h for 15 days after exposure. On day 8 after each mating, the females were removed and
the number of days to the emergence of the first adult flies in each brood was recorded as the
generation time. All broods were counted on day 17 of growth. No significant differences were
found between the exposed and control groups in mean generation times or brood sizes.

Hamnerius et al. (1979) exposed embryos of the fruit fly to 2.45-GHz AM RFR. The
embryos were of a sex-linked, genetically unstable stock in which the eye color is light yellow.
The mutation sought was somatic, in which a shift in eye pigmentation results in eye sectors with
normal red pigmentation clearly visible against the yellow background — a mutation that occurs
at an early stage of eye development.

For exposure, embryos were immersed in 10 milliliters (ml) of water in a Teflon container,
which was placed inside a larger Plexiglas container through which water held at 24.5°C flowed.
The larger container was placed in the far-field region of a horn, with the RFR level measured
with a power-density meter. SAR was calibrated by measuring the temperature rise in a
biological sample due to a 30-s exposure at 900 mW/cm?2 with no water flowing through the
larger container; the result was 0.5 W/kg per mW/cm?2,

Embryo exposures were at 100 W/kg (about 200 mW/cm?2) for 6 h. Controls were embryos
similarly treated, except for exposure. Following treatment, the embryos were transferred to vials
that contained standard medium and were maintained at 25°C and 75% relative humidity. The
survival rate of the flies was determined from the number of male flies hatching from treated
embryos, and the percentage of flies having red sectors constituted the mutation frequency. The
mean survival rates for exposed and control flies were respectively 83% and 91%, a difference
that was statistically nonsignificant. There were 4 mutations in 7512 RFR-exposed males
(0.05%) and 2 mutations in 3344 control males (0.06%), also a nonsignificant difference.

Because confounding parameters, especially temperature rise, appear to have been
controlled adequately, the finding of no RFR-induced mutagenic effect in this study is highly
credible.
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B.3.2.2 Mammals and Mammalian Tissues

Skidmore and Baum (1974) sought biological effects of exposure to electromagnetic pulses
(EMP) resembling the RFR from a nuclear blast. They exposed 5 pregnant rats to a peak electric
field of 447 kV/m in an EMP simulator during 17 days of gestation, a total of about 7 million
pulses, with 5 unexposed pregnant rats as controls. On completion of exposure, the fetuses were
examined for gross abnormalities. None were found. They exposed 20 female rats almost
continuously to the EMP for 38 weeks (about 100 million pulses) and were observed for possible
development of mammary tumors, together with 20 controls. At age one year, no mammary
tumors were found in either group.

Those authors also exposed 50 male mice of strain AKR/J, known to be susceptible to
spontaneous leukemia development between 6 and 12 months of age, to EMP. After 33 weeks of
exposure (86 million pulses), 42 (84%) of the EMP-exposed mice and 24 (48%) of the
unexposed control mice survived and were examined for leukemia. These results are difficult to
interpret because it is not clear why more than half of the control mice died.

Of the survivors, 9 exposed mice (21%) and 11 control mice (46%) were leukemic, a
nonsignificant difference. However, the sample sizes were too small to ascribe much if any
validity to the latter finding.

The authors also sought possible effects of the EMP on fertility by exposing five 4-month-
old male/female pairs of rats for 13 weeks. The males were separated from their partners for the
first 8 days, but housed with their mates for the remainder of the period. Five unexposed pairs of
rats were treated similarly. The numbers of progeny were recorded at term, and each neonate was
examined for anatomical abnormalities. Also sought were effects of exposure on the fertility of
five 2-year-old male rats by mating them on exposure termination with unexposed 4-month-old
females. No anatomical abnormalities were found, and numbers of progeny were not
significantly different.

Varma and Traboulay (1976) exposed the testes of 10 anesthetized 56-day-old mice to 1.7-
GHz CW RFR at 50 mW/cm?2 for 30 min and the testes of 10 other mice at 10 mW/cm? for 80
min. Ten mice were sham-exposed with each RFR group. After 24 h for recovery, each mouse
was caged for 1 week with three 56-day-old unexposed virgin females, and each subsequent
week with new virgin females for 7 weeks. The authors used the “dominant lethal test”
(mutations that result in the death of the embryo) to assess whether either RFR level was
mutagenic. On gestation day 13, the females were euthanized and the numbers of live implants,
late fetal deaths, and resorption sites were used to calculate the ratio of number of early fetal
deaths to total number of implants.

The data contained tabulation errors and the statistical calculation was done incorrectly.
With appropriate corrections, the differences in overall values berween the RFR and sham groups
were significant for both exposure conditions, but nonsignificant for most of the individual
weeks postexposure. Exposure of the testes at 50 mW/cm2 for 30 min caused a marked reduction
in fertility, but exposure at 10 mW/cm? for 80 min caused only a marginal reduction.

As noted above, the mice were anesthetized during exposure. Only the testes were exposed,
while their bodies were shielded from the RFR. However, anesthesia markedly reduces the
ability of rodents to control their body temperature. Thus, the exposures may have caused
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substantial rises in testicular temperature, so the results may not represent those for
unanesthetized mice exposed to RFR at the same levels for the same durations.

Berman et al. (1980) conducted experiments on male fertility in rats by breeding RFR-
exposed males with unexposed females. No evidence was found for an increase of dominant
lethal mutations from 2.45-GHz RFR at power densities up to 28 mW/cm2 (5.6 W/kg).
Regarding male fertility, the authors noted that only under the most severe exposure regimen was
there any hint of a deleterious effect: only 50% of the femnales bred to the exposed males 3-9 days
after treatment became pregnant. Presumably, this temporary sterility was associated with the
rises in rectal and intratesticular temperatures measured during exposure.

McRee ct al. (1981), noting that analysis of induction of sister chromatid exchange (SCE) is
a sensitive technique for assaying genetic damage from mutagens and carcinogens, used the
technique to determine whether RFR is mutagenic in mice. They exposed twelve 10-week-old
mice 8 h/d for 28 days to 2.45-GHz RFR at 20 mW/cm? (about 27 W/kg), with two other groups
as controls. After exposure completion, the SCEs in bone marrow were determined, and the
mitotic index for bone marrow cells was scored. The results for the three groups were
comparable, an indication that there were no statistically significant effects of the RFR on SCEs
or the proliferation rate of bone-marrow cells.

Meltz et al. (1990) investigated whether pulsed 2.45-GHz RFR alone can induce
mutagenesis, chromosomal aberrations, and SCEs in mammalian cells, and whether the RFR can
alter the genotoxic damage induced by a chemical mutagen alone when the RFR is administered
simultaneously with the mutagen. The chemical agent used was proflavin, a DNA-intercalating
drug (able to insert additional nucleotide bases into DNA sequences), and the mammalian cells
studied were derived from a mouse leukemic cell line and purified of spontaneous mutations.

The six treatments listed below were conducted simultaneously on appropriately prepared
and diluted cell samples in petri dishes, with each treatment involving two or four replicate,
independent-treatment dishes, and with all treatments administered for 4 h in the dark. A sample
treated with ethylmethane sulfonate (EMS) was run as a positive control for each set of
replicates.

1. Controls at 37°C (no RFR and no proflavin)
2. RFR exposure alone, with no temperature control

3. RFR exposure with temperature control (heat convection to yield a
temperature rise closely following that with RFR alone)

4. Proflavin treatment alone, at 37°C
5. Proflavin treatment with simultaneous RFR
6. Proflavin treatment with simultaneous temperature control.

The RFR exposures were to 10-ps, 2.45-GHz pulses at 25,000 pps (0.25 duty factor) in an
anechoic chamber. The average power densities at the sample plane were 87 mW/cm? in the first
2 RFR experiments and 87 mW/cm? in the third RFR experiment. The corresponding SARs were
40.8 and 40.0 W/kg, respectively.
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The combined RFR and proflavin treatment yielded no statistically significant increase in
induced mutant frequency relative to the results for treatment with proflavin alone. Nor did
exposure to RFR alone yield evidence of mutagenic action.

B.3.2.3 Cancer Induction and Promotion in Animals

Possible association between chronic RFR exposure and incidence of cancer has been
reported in some epidemiologic studies (see Section 3.1.1), but for the reasons stated there, little
credence can be given to such findings. On the other hand, few studies specifically directed
toward determining whether RFR induces or promotes cancer in animals have been performed.

Prausnitz and Susskind (1962) exposed 200 mice to 9.3-GHz pulsed RFR for 4.5 min/d, §
d/wk, for 59 weeks at an average power density of 100 mW/cm? (45 W/kg estimated SAR), with
200 other mice as controls. An unexpected finding was the development of leukosis in some of
the mice, with incidence greater in the exposed mice than in the control mice. The authors
mistakenly described leukosis as a “cancer of the white blood cells,” thereby implying a link
between RFR exposure and cancer incidence. In actuality, however, leukosis is defined basically
as elevation of the numbers of circulating leukocytes, which in this study may have been due to
the known occurrence of infection in the mouse colony or to other functional disturbances.

Roberts and Michaelson (1983), in a reanalysis of the primary data of Prausnitz and
Susskind (1962), concluded that this study provided no evidence that chronic RFR exposure does
or does not induce any form of cancer.

As discussed in Section 3.2.2, Skidmore and Baum (1974) found that continuous exposure
of 20 females to EMP did not lead to the development of mammary tumors, and that EMP
exposure of mice of the AKR/J strain prone to spontaneous leukemia did not promote leukemia;
21% of exposed mice versus 46% of control mice developed leukemia.

Szmigielski et al. (1982) investigated whether exposure to RFR: decreases the natural
resistance of Balb/c mice to lung cancer cells injected intravenously before exposure; increases
the incidence of breast tumors in female C3H/HeA mice, a strain known to have high
spontaneous incidence of such tumors; and increases the incidence of skin cancer in male Balb/c
mice locally depilated and painted with the chemical carcinogen 3,4-benzopyrene (BP).

RFR exposures were to far-field 2.45-GHz RFR at § mW/cm?2 (SAR 2-3 W/kg) or 15
mW/cm2 (6-8 W/kg). For exposure, 40 mice were placed in 4 polymethacrylate cages holding 10
mice each. Other groups of mice were sham exposed. The exposures were for 2 hours a day, 6
days a week, for periods of 1 to 6 months. The temperature (22-23°C) and humidity (60-70%)
within the exposure chamber were held stable by external ventilation.

As additional controls to normal (cage-control) and sham-exposed mice, groups of male
Balb/c mice were grown for 1 to 8 months, starting at age 6 weeks, within cages 20 x 30 x 10 cm
in size containing 20 transparent S x 6 x 10-cm compartments, with one mouse in each
compartment. The authors (citing appropriate references) noted that growth under such
- confinement causes a chronic stress syndrome with aggressiveness.

In the lung cancer study, Balb/c mice were intravenously injected with sarcoma L cells.

The mice were killed 14 days later, their lungs were infused with India ink in fixative, and the
numbers of white neoplastic nodules (colonies originating from single cells) were counted. Based
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on pilot experiments, the concentration of sarcoma L cells used was 2 x 105 L1 cells (in 0.1 ml
of saline), which yielded a mean control value of 2.8 = 1.6 (SD) nodules per mouse.

RFR exposure of injected mice for 3 months at 5 mW/cm2 produced 6.1 + 1.8 nodules,
whereas 10.8 + 2.1 nodules were seen for exposure at 15 mW/cm?2, a significant difference.
Injection of mice that had been grown in confinement for 3 months showed 7.7 £+ 2.0 nodules, a
mean comparable to that for exposure at 5 mW/cm?2. Smaller but significant differences were
seen after RFR exposure or confinement for 1 or 2 months.

In the breast-cancer investigation of C3H/HeA mice, groups of 40 mice each were exposed
to RFR from age 6 weeks up to age 12 months, and each mouse was checked every 2 weeks for

palpable breast tumors. The cumulative numbers of mice with discernible tumors and their

survival times were tabulated. By regression analysis, the results were summarized in terms of
CDT50 (mean cancer development time in 50% of the mice) and MST5( (mean survival time of

50% of the mice). The CDT5( values were 219 days for 15 mW/cm2, 255 days for confinement-
stressed mice, 261 days for 5 mW/cm2, 297 days for sham exposure, and 322 days for cage
controls. Thus, the CDT5( values for 5 mW/cmZ2 and confinement stress were comparable, and
were between those for 15 mW/cm?2 and the cage controls. The results for MST50 were
analogous.

Table B-1 of the paper, adapted below, showed the cumulative numbers of mice with tumors
at 4, 6, 8, and 10 months:

Table B-1
CUMULATIVE NUMBERS OF MICE WITH TUMORS
Tallied at:
Treatment 4 Months | 6 Months | 8 Months | 10 Months

| Cage controls 0 0 2 16

Sham-exposed 0 0 3 14

RFR at 5 mW/cm? 0 3 18 32t

RFR at 15 mW/cm’ 1 111 26° 37

Confinement stress 0 2 16* 31

‘p < 0.05 relative to cage controls.

1p <0.01 relative to cage controls.

Sham exposure did not significantly increase the numbers of mice with tumors, but both
exposure at 5 mW/cm?2 and confinement stress yielded similar increases in the numbers of mice
affected. Exposure at 15 mW/cm2 yielded significantly higher increases.

At 5 mW/cm2 (2-3 W/kg), no increase in rectal temperature was seen, but the authors noted
that such SARs exceed the basal metabolic rate of the mice. In actuality, the basal metabolic rate
of mice is about 9-10 W/kg (Durney et al., 1986), which is much higher than 2-3 W/kg estimated
by the authors. At 15 mW/cm2, (6-8 W/kg), no rectal-temperature increase was seen either, but
the authors suggested the possible existence of “hot spots” within the mice.
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In the skin-cancer experiments, to evaluate the effects of BP alone, 40 six-week-old male
Balb/c mice had a 1-cm? of skin depilated, with the areas painted with BP (in a solvent) every
other day for 5 months; controls were similarly depilated but painted only with the solvent.
Cancer development was scored by histopathologic examination on a subjective 7-grade scale
from O to 6. A score of 4 indicated that small papillomas had been found microscopically to
contain cancer cells. Thus, mice with scores of 4-6 were regarded as having skin cancer, and
those with scores 1-3 as having precancerous skin lesions. Skin cancer occurred within 7-10
months in more than 85% of those reated with BP.

Table B-2 of the paper, adapted below, shows the cumulative numbers of mice with skin
cancer (scores 4-6) for cage controls (5 mice per cage), sham-exposure, RFR exposure at 5
mW/cm2, or confinement stress for 1 and 3 months before BP treatment.

Table B-2
CUMULATIVE NUMBERS OF MICE WITH SKIN CANCER FROM
EXPOSURE TO RFR BEFORE BP TREATMENT
Tallled at:
Treatment 4 Months & Months 8 Months 10 Months
Cage controls 0 0 3 18
Sham-exposure 0 0 4 18
RFR at 5 mW/cm2 0 2 181 27
{for 1 month beiore BP)
Confinement stress 0 3 161 24
{for 1 month belore BP)
RFR at 5 mW/em2 1 22t 2gt 36t
{for 3 months before BP)
Confinement stress 0 161 251 31"
{for 3 months before BP)
"p < 0.05 relative to cage controls.
p < 0.01 relative to cage controls.

As in the breast-tumor study, the numbers of mice affected by exposure at 5 mW/cm?2 or
confinement stress were comparable. It is not clear whether similar experiments were done for
exposure at 15 mW/cm? for 1 and 3 months before BP treatment.

Regarding CDT 5( values, control mice (weated only with BP) developed skin cancer (scores
4-6) in about 10 months (a CDTsg of 296 days). The results for other treamments were obscured
by the order of their presentation, but presumably indicated that the CDTsg values for sham-
exposure, confinement stress, exposure at 5 mW/cm2, or exposure at 15 mW/cm2 for 3 months
before BP treatment were respectively 272, 201, 171, and 171 days, with the latter 3 values
significantly lower those for the control mice. The reason for the lack of difference between the
CDTjsp values for 5 and 15 mW/cm2 is not clear.
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Table B-3 of the paper, adapted below, shows the results for concurrent RFR exposure and
BP treatment. The only corresponding CDTj5q value indicated was 131 days for mice exposed at
15 mW/cm2. However, the MST5q values were 331, 268, 237, and 165 days for cage controls,
exposure at 5 mW/cm?2, confinement stress, and exposure at 15 mW/cm?2, respectively.

Table B-3
CUMULATIVE NUMBERS OF MICE WITH SKIN CANCER
FROM CONCURRENT RFR AND BP TREATMENT

Tallled at:

Treatment 4 Months 6 Months 8 Months 10 Months
Cage controls 0 0 3 18
Sham-exposure 0 0 5 21
Confinement stress | 2 13* 26* 31"

RFR at5 mw/em® |1 12* 23* 32*
RFR at 15 mW/em® | ot 28* a3 38"

“p < 0.01 relative to cage controls.
Tp < 0.05 relative to cage controls.

In their discussion, the authors stated: “It may be postulated that the differences in the *
appearance of tumors and the number [of] lung cancer colonies between animals irradiated with
2,450-MHz microwaves at 5 and at 15 mW/cm+< may be due to local thermal effects evoked at 15
mW/cm2.”

They also noted that 2.45-GHz RFR is close to resonance for mice, that maximal absorption
by humans at this frequency would be almost 2 orders of magnitude lower than for mice, and that
RFR absorption by humans at their resonant frequencies (60-70 MHz) would be about 20% of
the absorption by mice at their resonant frequencies. They stated: “Thus, the mouse model used
in this study is of very limited value for concluding about the possible hazards from microwave
radiation in human subjects.”

In a University of Washington study of chronic exposure, discussed in 9 reports (Chou et
al.,1983; Guy et al., 1983a, 1983b, 1985; Johnson et al., 1983, 1984; Kunz et al., 1983, 1984,
1985), 100 male rats were exposed unrestrained in individual cylindrical waveguides to 2.45-
GHz RFR at average power densities of about 0.5 mW/cm?2 under controlled-environmental and
specific-pathogen-free conditions. The exposure levels were selected to simulate, by scaling
considerations, chronic exposure of humans to 450-MHz RFR at SARs of about 0.4 W/kg (the
basis of the 1982 ANSI guidelines). The rats were exposed for virtually their entire lifetimes,
except for those withdrawn for interim tests. The controls consisted of 100 sham-exposed male
rats.

The exposure regimen began when the rats were 8 weeks old and continued for 25 months,
which, except for the rats withdrawn for interim tests, encompassed virtually their entire
lifetimes. After 13 months, 10 each of the RFR- and sham-exposed rats were euthanized (the
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interim kill), as were 10 of the 12 RFR-exposed and 10 of the 11 sham-exposed rats that survived
to the end of the 25-month exposure regimen.

No significant differences between groups were seen in daily body weight, food and water
consumption, oxygen consumption, carbon dioxide production, or respiratory quotient at
corresponding times. At each kill, the hearts, brains, livers, kidneys, testicles, and adrenal glands
of the RFR- and sham-exposed rats were weighed, and the composition, fatty acid profile, and
mineral content of the carcasses were analyzed. At interim kill, no significant differences
between groups were seen in the mass of any organ. At terminal kill, mean adrenal mass for the
RFR group was 75% higher than for the sham group, but the differences for the other organs
were not significant.

During the exposure regimen, 157 rats had died spontaneously or were terminated in
extremis. (Of the remaining 43 rats, 20 rats comprised the interim-kill groups; the other 23 were
the survivors at the end of the exposure regimen and comprised the terminal-kill groups).
Evaluation of the cumulative survival curves showed that the median survival times for the RFR-
and sham-exposed rats were 688 and 663 days, respectively, but comparison of the curves by the
log-rank statistic showed no significant difference between the groups at any age. The authors
remarked that no significant infections had occurred to complicate or produce erroneous results
in gross or histopathologic evaluations.

Section 3.5 of this appendix describes the findings of the immunologic and hematologic
tests conducted.

In 20 rats necropsied at the interim kill, no adrenal tumors were found, but 7 of the 12 RFR-
exposed rats and 4 of the 11 sham-exposed rats necropsied at the terminal kill were found to have
benign adrenal tumors. The authors related the higher adrenal mass to the tumors. Exclusion of
the rats with adrenal tumors from both groups rendered the difference in mean adrenal mass
nonsignificant.

Gross and histopathological examinations were done. Primary causes of death (31 specific
causes, 1 unknown-cause category, and the 2 kills) were tabulated separately for the RFR and
sham groups.

Kidney failure (glomerulonephritis) was the largest cause, with 17 deaths in the RFR group
and 15 in the sham group; next,was urinary tract blockage, with 9 and 19 deaths in the RFR and
sham groups, respectively; third was atrial thrombosis, with 7 and 9 deaths; fourth was pituitary
adenoma, with 4 and 8 deaths.

There were 22 RFR-exposed and 21 sham-exposed rats in the 2 kill groups. The all-other
category had 41 deaths in the RFR group and 28 in the sham group. Chi-square analysis showed
no association between cause of death and exposure condition. In addition, the log-rank statistic
showed no significant differences between the RFR and sham groups in survival times for
glomerulonephritis, atrial thrombosis, or pituitary adenoma; the RFR group had significantly
longer survival times for urinary tract blockage than the sham group.

The lesions found in the various organs and tissues during necropsy were characterized as
nonneoplastic or neoplastic, and the neoplastic lesions were subdivided into benign and
malignant. Of the nonneoplastic lesions, glomerulonephropathy was the most prevalent. Analysis
of the data by incidence, age, and treatment indicated that significantly fewer
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glomerulonephropathic lesions had occurred in the RFR group. No significant differences
occurred between the RFR and sham groups for nine other major types of nonneoplastic lesions.

Only 3 benign neoplasms occurred in rats younger than 1 year, and those were in the sham
group. During the second year, benign neoplasm incidence rose rapidly with age for both the
RFR and sham groups, but the differences between groups at each age of death were
nonsignificant.

No primary malignant lesions were found in the rats younger than 1 year. Primary malignant
lesions were found in 2 RFR-exposed and 2 sham-exposed rats at ages 13-18 months, in 9 of the
RFR group and 1 of the sham group at ages 19-24 months, and in 7 of the RFR group and 2 of
the sham group at ages 26-30 months.

Without regard to age, there were totals of 18 rats with malignancies in the RFR group and 5
rats in the sham group, a difference noted by the authors to be statistically significant. However,
the authors indicated that the incidence of each specific primary malignancy in the RFR group
was similar to that in the literature for untreated rats of the same strain. They stated that: “The
finding here of excessive malignancies in the exposed animals is provocative; however, when
this single finding is considered in light of other parameters evaluated, it is questionable if the
statistical difference reflects a true biological activity.”

The authors also noted that, from the standpoint of carcinogenesis, benign neoplasms have
considerable significance under the assumption that the initiation process is similar for both
benign and malignant tumors. The fact that the RFR and sham groups showed no significant
difference in the incidence of benign tumors is an important element in defining the promotion
and induction potential of RFR for carcinogenesis.

The conclusion of the investigators was as follows: “In summary, no defendable trends in
altered longevity, cause of death, or spontaneous aging lesions and neoplasia can be identified in
the rats exposed to this long-term low-level radiofrequency radiation exposure.”

Santini et al. (1988) sought to determine whether low-level exposure of black mice (strain
C57BL/6J) would affect the development of B16 melanoma or survival times. The authors
exposed one group of 15 mice to 2.45-GHz CW RFR at 1 mW/cm? (SAR 1.2 W/kg) for 6 daily
sessions per week, each 2.5 h/d, until death (up to 690 h total). Another group was similarly
exposed to 2.45-GHz pulsed RFR at the same average power density. A third group was sham-
exposed as controls. No statistically significant differences were found among the three groups
either in tumor development or survival.

Balcer-Kubiczek and Harrison (1991) studied whether exposure to RFR of mouse-embryo-
fibroblast-cell cultures induces malignant transformation in such cells. They exposed such
cultures for 24 hours to 2.45-GHz RFR (amplitude-modulated at 120 Hz) at an SAR of 0.1, 1, or
4.4 W/kg alone, or to the RFR at 4.4 W/kg before or after exposure to X-rays at 0.5, 1, or 1.5 Gy.
Control cultures were sham-exposed. After such treatments, cultures with or without incubation
with the tumor promoter 12-O-tetradecanoylphorbol-13-acetate (TPA) at 0.1 pg/ml were assayed
for incidence of neoplastic transformations by counting the number of transformed foci in culture
dishes.

. The sham-exposed cultures exhibited low incidences of neoplastic transformation; those
incubated with TPA showed a slightly higher mean incidence than those not incubated with TPA.
A plot of mean neoplastic transformation incidence (linear scale) versus SAR (exponential scale)
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for the RFR-exposed cultures not incubated with TPA exhibited essentially no differences from
sham-exposed cultures or any changes with increasing SAR, so the RFR alone did not promote
ransformation. However, the mean neoplastic transformation incidence rose with SAR for the
RFR-exposed cultures incubated with TPA. The authors regarded those results as indicating that
RFR acts synergistically in a dose-dependent manner with TPA to promote neoplastic
transformation.

In graphs of mean neoplastic transformation incidence versus X-ray dose (Figure 2 of the
paper), the cultures not incubated with TPA showed a relatively small rise with X-ray dose (0,
0.5, 1.0, 1.5 Gy), independent of whether the cultures were exposed to RFR (at 4.4 W/kg) or
sham-exposed. For the cultures incubated with TPA, however, the mean transformation
incidence rose linearly with X-ray dose for those exposed to 4.4 W/kg, and also linearly for
sham-exposed cultures, but the latter with about half as many mean incidences as the 4.4-W/kg
cultures at corresponding X-ray doses. Thus, exposure at 4.4 W/kg of cultures reated with X-
rays plus TPA appeared to increase neoplastic transformation incidence relative to sham-
exposure, but the differences in incidence at corresponding X-ray doses were statistically
significant only for 0 and 0.5 Gy.

For cultures not treated with X-rays, sham-exposure yielded low incidences of neoplastic
transformation, with a slightly higher mean incidence for those incubated with TPA than those
not incubated with TPA; thus, TPA alone (at the dose used) did not promote transformation. On
the other hand, RFR-exposed cultures not incubated with TPA showed essentially no differences
from sham-exposed cultures or any significant changes with increasing SAR; thus, RFR alone
also did not promote transformation. However, for the RFR-exposed cultures incubated with
TPA, the mean neoplastic ransformation incidence rose with SAR, an indication that RFR acted
synergistically in a dose-dependent manner with TPA to promote neoplastic transformation. The
numerical results were as follows:

a. The researchers found 14 foci in 1494 dishes of sham-exposed cultures
incubated with TPA, and 4 foci in 887 dishes of sham-exposed cultures
not incubated with TPA.

b. The researchers found 48 foci in 704 dishes of cultures exposed at 4.4
W/kg incubated with TPA; only 4 foci were found in 800 dishes exposed
at 4.4 W/kg not incubated with TPA.

The study was well-conceived and conducted meticulously, but a number of aspects of the
study make interpretation of the findings difficult and uncertain. First, a plot of mean neoplastic
wransformation incidence versus SAR (Figure 1) showed an apparently linear rise of incidence
with SAR (0.1, 1.0, 4.4 W/kg). That result can be misleading because, unlike what was done for
the plots of incidence versus x-ray dose (Figure 2), in which linear scales were used for both
variables, the authors used a linear scale for incidence and an exponential scale for SAR. If the
three SAR points had been plotted on a linear scale also, the graph would have displayed a
fivefold sharper rise with SAR between 0.1 and 1.0 W/kg than between 1.0 and 4.4 W/kg.

The numbers of foci found relative to the numbers of dishes treated were small. The
numbers of dishes used differed considerably for each reatment (see paragraphs a. and b. above).
This point raises the question about whether the authors may have increased the number of
dishes for each treatment until adequate percentages of foci for statistical analysis were obtained.
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B.33 Teratogenesis

Teratogenesis refers to the causation of anatomical aberrations in a developing fetus, but
more generally also includes fetal death and/or resorption and postnatal abnormalities in the
offspring. Such effects occur naturally at low rates in most mammals, and relatively little is
known about their causes. In a few cases, however, specific agents have been shown to cause
significant effects, and hence the possibility that such effects could occur from exposure to RFR
is an appropriate matter of public concern. The term is usually applied to mammalian fetuses and
infants, but effects on nonmammalian subjects also have been sought.

B.3.3.1 Nonmammalian Species

Carpenter and Livstone (1971) exposed individual pupae of the darkling beetle to 10-GHz
RFR for 2 h at 17 mW/cm2 (40 W/kg estimated SAR) or at 68 mW/cm2 (160 W/kg) for 20 or 30
min. As representative results, only about 20% of the pupae exposed at the lower RFR level
developed into normal beetles; about 4% died and 76% had gross abnormalities. Exposure for 20
min at the higher RFR level yielded about 24% normal beetles, 25% dead ones, and 51% with
gross abnormalities. By contrast, 90% of the sham-exposed pupae developed normally. Also,
about 75% of the pupae heated conventionally to the temperature obtained with 17 mW/cm?
emerged as normal beetles, leading the authors to conclude that abnormal development of RFR-
exposed pupae could not be explained as a thermal effect. Liu et al. (1975) exposed pupae for 2 h
to 9-GHz RFR at 0.17 mW/cm? (about 0.41 W/kg), which also yielded significant percentages of
abnormal beetles.

On the other hand, Pickard and Olsen (1979) investigated pupae they had developed from
larvae obtained from two sources (designated “colony-pupae” and “K-pupae”). Pupae from both
groups were exposed for 2 h to a 6-GHz standing-wave electric field or magnetic field with their
long axes parallel to the vector. The E-field exposures were at 91 V/m (130 W/kg) and the H-
field exposures were at 1.53 ampere per meter (A/m) (54 W/kg). Pupae were also exposed for 13
h to far-field 6-GHz RFR at 11 mW/cm2 (about 130 W/kg) and for 4 h to far-field 10-GHz RFR
at 5 mW/cm?2 (45 W/kg).

For either E-field exposed group, the percentage of beetles with abnormalities did not differ
significantly from that of its control group. However, the proportion of nonnormal beetles from
control K-pupae was significantly higher than from control colony-pupae. H-field exposure also
produced significant effects on K-pupae but not on colony-pupae. Exposures to the other forms
of RFR yielded ambiguous results. The authors ascribed those variations to uncontrolled
differences in such non-RFR factors as the source of the larvae, pupae maintenance regimes and
handling protocols, the pupa containers used for pupation, and the ambient temperature.

Pickard and Olsen (1979) concluded that RFR could be teratogenic to the darkling beetle,
but their results did not support the nonthermal hypothesis of Carpenter and Livstone (1971). In
addition, Olsen and Hammer (1982) thermographically determined spatial distributions of SAR
within pupae when exposed to 1.3-, 6-, and 10-GHz RFR, and found large variations of local
S;;R that would not be obtained by the conventional heating used by Carpenter and Livstone
(1971).

In their studies of Japanese quail, McRee and coworkers found no significant differences
between hatchlings from eggs exposed to 2.45-GHz RFR at a whole-egg SAR of 14 W/kg and
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sham-exposed eggs in terms of average body weights, numbers and percentages of eggs hatched,
numbers and percentages of hatched and unhatched live and dead birds, and blood parameters. In
addition, no deformities were seen in the hatched quail. The authors concluded that RFR is not

teratogenic except at hyperthermic levels.

Gildersleeve et al. (1987) on reproductive performance of Japanese quail from eggs that had
been exposed to 2.45-GHz RFR at 5 mW/cm2 (4 W/kg) during the first 12 days of
embryogenesis also show that exposure to the RFR during embryogenesis does not affect the
endpoints they studied, which included: hatchability, mortality after hatching, egg production,
egg weight, fertility of the initial groups, and reproductive performance of the progeny.

B.3.3.2 Mammals

In some studies with mice, RFR exposure has been reported to cause teratogenic effects, but
negative or inconsistent results have been obtained in others.

Rugh et al. (1974, 1975) exposed groups of female mice to 2.45-GHz RFR at 138 mW/cm?
(SAR about 123 W/kg) for various durations to determine “D/M", the mean dose (power density
x duration) per unit body mass, for lethality. The D/M for lethality was about 11 calories per
gram (cal/g; 46.1 J/g). The authors exposed pregnant mice 1o the RFR at 123 mW/cm? (110
W/kg) for 2 to 5 min, corresponding to sublethal D/M values up to about 8 cal/g (33.5 J/g).

The authors found no teratogenesis threshold. However, a reanalysis of their data on the
percentages of resorptions and of dead, stunted, and malformed fetuses versus D/M did indicate
the existence of a threshold: at doses less than about 3 cal/g or power densities less than about 1
mW/cm2, 100% of the fetuses examined were normal. Above that threshold, significant
percentages of abnormal fetuses were obtained, but the dependence on RFR dose was obscure.

Chernovetz et al. (1975) found that absorption of about 5 cal/g of 2.45-GHz RFR is not
teratogenic to mice, a threshold considerably higher than the 3-cal/g value above. In addition,
they found a lethality D/M of about 5.7 cal/g (about half the Rugh et al. value), indicating that
RFR teratogenesis would occur in pregnant mice only at levels that are close to lethality for the
dams.

Stavinoha et al. (1975) exposed groups of 4-day-old mice in plastic containers for 20 min to
10.5-MHz, 19.27-MHz, or 26.6-MHz RFR pulses (pulse duration and duty cycle were not
indicated) in a rectangular-coaxial transmission-line (TEM) system at an electric field strength of
5.8 kV/m. Control groups were maintained in similar containers outside the exposure chamber.
The mice were weighed daily for the next 21 days. Graphs of weight versus age for each RFR
frequency for exposed and control mice at corresponding ages showed virtually no differences
between.

In another experiment, mouse pup litters were divided into 3 groups:

1. Control pups, kept in individual cages
2. Thermal-control pups, held at 3°C for 40 min/d on 5 consecutive days

3. Irradiated pups, exposed to 19-MHz CW RFR for 40 min/d on 5 consecutive
days in a near-field synthesizer.
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The electric field was 8 kV/m, the magnetic field was 55 A/m, and the two fields were
parallel] (vertical) in coincident planes. Following thermal or RFR treatment, the mean increase in
rectal temperature was 1.5°C. The pups were weighed daily before each treatment and until they
were 21 days old, at which time the males and females were separated. The mice were then
weighed weekly for 13 additional weeks.

Statistical analyses of the growth curves showed no significant differences among the three
groups of either sex. As the authors noted, although the fields were very intense, relatively little
RFR energy was absorbed by the mice because their dimensions were much smaller than the
wavelengths used. Thus, it would be inappropriate to apply such negative findings to humans
exposed to RFR at frequencies in the same range.

Berman et al. (1978, 1982) found a consistent effect in mice: a significantly lower mean
body weight of live fetuses from dams exposed to 2.45-GHz RFR at 28.0 mW/cm? (22.2 W/kg)
than from sham-exposed dams. However, except for the negative results of Stavinoha et al.
(1975) above, other researchers could not confirm such findings or found that growth retardation
was thermally induced.

With rats, Berman et al. (1981) and Smialowicz et al. (1979) found no significant
differences between RFR-exposed and control groups in any of the parameters commonly looked
for in such studies, even at power densities capable of heating pregnant females to temperatures
exceeding 40°C (104°F). This negative finding with rats led Berman et al. (1981) to conclude
that mice may be more suitable than rats for seeking possible RFR-teratogenic effects in humans,
a conclusion that seems specious in view of the large physiological differences between rodents
and humans and among the rodent species themselves. Clearly, studies of nonhuman primates
would be much more definitive.

Lary et al. (1983) treated 5 groups of rats on gestation day 9 as follows: The rats were
euthanized on gestation day 20, at which time about two-thirds of them were found to be
pregnant.

» Group I was sham-exposed for 2.5 h.

» Group II was exposed to 27.12-MHz fields at 55 A/m and 300 V/m (SAR
about 11 W/kg), which produced relatively rapid colonic temperature rises;
exposure was terminated when the temperature reached 41.0°C (14-22 min
duration).

For Group III, 41.0°C was held for an additional 2 h by on-off switching of
the RFR (total exposure time 137-144 min).

» Exposure of Group IV was stopped when colonic temperature reached 42.0°C
(13-33 min).

* In Group V, 42.0°C was maintained for an additional 15 min by on-off RFR
switching (34-55 min total exposure time).

Comparing the groups in succession, steady increases took place in severity in both the
percentage of malformed fetuses and ratio of litters affected, with by far the largest change for
the prolongation of colonic temperature at 42.0°C. Similar results were obtained for percentages
of live fetuses with visceral malformations, the largest change occurring again for prolonged
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exposure at 42.0°C. The authors ascribed those teratogenic effects to the hyperthermia induced
by the RFR.

Tofani et al. (1986) divided pregnant rats into four groups. The rats in group A (20 rats)
were sham-exposed; those in group B (20 rats) were continuously exposed to 27.12-MHz RFR at
field strengths of 20 V/m and 0.05 A/m (0.1 mW/cm? equivalent power density) during gestation
days 0-20; and those in groups C and D (10 rats each) were similarly exposed respectively during
gestation days 0-6 and 6-15. For exposure, 10 rats were co-housed in a plastic box of dimensions
80 x 60 x 35 cm, and two such boxes were used for concurrent exposure of group B, and
similarly for groups C and D. The authors estimated the SAR to be about 0.00011 W/kg. They
also noted that the basal metabolic rate (BMR) for such rats is 6.51 W/kg; accordingly, the SAR
was insignificant relative to the BMR.

No dead fetuses were found. Total resorptions were found in half the dams of groups B and
C and in 20% of the dams in group D, with none in sham-exposed group A. The values were
statistically significant for groups B and C, and nonsignificant for group D, suggesting that this
effect occurs during the early stage of egg development. Mean litter weights of the three RFR-
exposed groups were significantly lower than for the sham group. The only significant
teratologic finding was incomplete ossification of cranial bones in the three exposure groups.

In view of the low RFR level, the authors characterized the effects as nonthermal and due to
long-term exposure. However, Lu and Michaelson (1987) took issue with the exposure
methodology used. They remarked on the lack of description of the apparatus for providing food
and water and for removing waste during exposure. They also noted that: the exposures were in
the near field, that the use of RFR-absorbent materials was not discussed, and that the proximity
of the rats to one another in the exposure boxes could have produced interactions that introduced
large dosimetry uncertainties.

Lary et al. (1986) studied the dose-response relationship between RFR-induced maternal
increases in body temperature and the incidence of birth defects in rats. The authors exposed
groups of pregnant rats on gestation day 9 to 27.12-MHz RFR at field strengths of 55 A/m
(magnetic) and 300 V/m (electric). The whole-body SAR was 10.8 W/kg. The exposures were
terminated when colonic temperatures reached 41.0, 41.5, 42.0, 42.5, or 43.0°C (10-40 min).
Exposed and control dams were euthanized on gestation day 20, and the uterine horns of each
dam were examined for number of inplantations, live fetuses, and dead and absorbed
conceptuses.

The numbers of various fetal abnormalities and of fetal mortality versus maternal colonic
temperature on exposure termination were plotted (dose-response curves). The results indicated
the existence of a colonic temperature threshold of 41.5°C for birth defects and prenatal death.

Kaplan et al. (1982), in a primate investigation designed primarily to determine whether
chronic exposure of pregnant squirrel monkeys to 2.45-GHz RFR would alter usual mother-
infant behavior patterns, found no differences between RFR-exposed and sham-exposed mothers
in the number of live births or the growth rates of the offspring. Unexpectedly, however, a barely
significant excess of infant deaths was found in the small group (5 animals) exposed at the
highest level (equivalent power density 10 mW/cm?2). To investigate this unanticipated finding, a
larger study was conducted with possible infant death as the primary endpoint. The exposure
regimen used was similar, but with a sufficient number of dams to permit adequate statistical
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treatment of the data. The results of this study did not confirm the previous finding of RFR-
induced offspring mortality.

B.34 Nervous System

Concern has been expressed that direct (nonthermal) interactions of RFR with the central
nervous system (CNS) could produce deleterious physiologic effects. It has been postulated that
such effects may be manifested as alterations in behavior, passage of foreign agents from the
blood vessels in the brain into the surrounding tissue by opening of the blood-brain barrier
(BBB), changes in the histopathology and histochemistry of the nervous system and of the
electroencephalogram (EEG), and changes in the efflux of calcium from brain tissue.

B.3.4.1 Blood-Brain-Barrier Effects

In most organs and tissues of the body, molecules in the blood can freely diffuse into the
tissues around capillaries. However, to protect the brain from invasion by various blood-borne
microorganisms and toxic substances, the BBB in most regions of the brain that allows little or
no movement of large fat-insoluble molecules from the blood into the surrounding brain tissues.
The BBB can be “opened” by certain agents (such as ionizing radiation or excessive heat) or by
chemical substances (e.g., dimethy] sulfoxide). Studies have been done to determine if RFR can
alter the permeability of the BBB in animals to substances of large molecular weight.

Frey et al. (1975) exposed rats to 1.2-GHz pulsed RFR at 0.2 mW/cm?2 average power
density (estimated SAR 0.04 W/kg) or to 1.2-GHz CW RFR at 2.4 mW/cm? (about 0.5 W/kg).
After exposure, the rats were injected with a tracer that fluoresces in ultraviolet light, and
sections of various brain regions were scored for fluorescence. The authors reported higher
fluorescence scores for the rats exposed to the pulsed RFR than the CW RFR, but noted that
some brain sections of sham-exposed rats also fluoresced.

In another study, Oscar and Hawkins (1977) exposed rats to 1.3-GHz pulsed or CW RFR at
levels up to 3 mW/cm?2 (about 0.6 W/kg), and measured the BBB-permeability changes to 3
substances that had been labeled with the radioactive tracer 14C. For both RFR forms, significant
levels of two of the substances were found in various brain regions, but not of the third
substance.

Endeavors by Merritt et al. (1978) and by Ward and Ali (1985) to reproduce the findings of
these studies were unsuccessful. The latter authors concluded that the earlier results were most
likely due to artifacts introduced by the experimental techniques or to flaws in the basic
methodology used. Preston et al. (1979) also showed that RFR-induced changes in the relative
sizes of the vascular and extravascular volumes in the brain could be misinterpreted as BBB
alterations.

Rapoport et al. (1979) developed a method for measuring permeability of the BBB to 14C-
labeled sucrose about 100 times more sensitive than the technique used by Oscar and Hawkins
(1977), a method that yielded results independent of cerebral blood flow rate. With this method,
Preston and Préfontaine (1980) showed that exposure of rats to 2.45-GHz RFR at 1 or 10
mW/cm?2 with their heads toward the source (0.1 or 1 W/kg head SAR) did not alter the
permeability of the BBB to sucrose. Gruenau et al (1982) confirmed the negative findings of
Preston and Préfontaine (1980), but for rat exposures to 2.8-GHz pulsed RFR (2-us pulses, 500

B-52



pps) at average power densities up to 15 mW/cm? (3 W/kg) and CW RFR up to 40 mW/cm? (8
Wikg).

In other studies, such as that by Ward et al. (1982), in which results with RFR were
compared with those for substances known to open the BBB as positive controls (e.g., urea), the
findings were negative unless the brain had been rendered hyperthermic.

In four comprehensive studies, Williams et al. (1984a, b, ¢, d) exposed groups of conscious,
unrestrained rats to 2.45-GHz RFR and used a variety of tracers and methods for detecting BBB
penetration. They also determined the relationship of BBB changes to colonic temperature and
the temperatures in several brain regions after exposure at levels up to 65 mW/cm? (13 W/kg) or
to ambient heating at 42°C. At 20 mW/cm?2 (4 W/kg) and lower, no penetration was seen in those
brain regions where the BBB is normally effective. The authors concluded that at the latter level,
the thermoregulatory mechanisms of the rat are more than adequate for maintaining body
temperatures well within tolerable limits, including brain temperatures, but that exposure to
intense fields for long periods could approach or exceed such limits.

Neilly and Lin (1986) investigated the possible synergy between ethanol (which does not
alter the BBB at normal intoxication levels) and levels of RFR sufficient to disrupt the BBB;
they used Evans blue dye as the racer. Groups of rats were anesthetized with pentobarbital. Each
rat was placed on a heating pad to hold its colonic temperature near 37.5°C, and a catheter was
inserted into its left femoral vein. When the colonic temperature of the rat reached between
37.2°C and 37.5°C, the rat was perfused through the catheter with a specified dose of warmed
ethanol. Each group of rats was given a different ethanol dose within a specific range. When the
colonic temperature stabilized at 37.0°C (usually 1-3 min after perfusion), the left side of the
rat's head was exposed to 3.15-GHz CW RFR with an applicator at a net (forward minus
reflected) power of 3000 mW/cm2 for 15 min, A control group was perfused with saline instead
of ethanol.

Following treatment, each rat was perfused with prewarmed Evans blue dye. After enough
time had elapsed for dye circulation, the excess dye was washed out with saline, and the brain
was removed. Each brain was scored for surface staining by the dye. The brain was then sliced
into thin sections and each section was scored for internal staining.

In separate experiments, rats were similarly prepared but during the 15 min of RFR exposure
and for 5 min afterward, brain temperature was measured with a nonperturbing probe inserted
through a small hole burred in the cranium before exposure. Rectal temperatures were also
recorded.

The brain temperature of each rat rose to a plateau within the first few minutes of exposure
and remained there for the rest of the exposure. It then fell to preexposure level during the 5 min
after exposure. The mean plateau temperature was highest (about 49°C) for the group given the
lowest ethanol dose and it decreased steadily with increased ethanol dose to the lowest value
(about 43°C) for the rats given the highest ethanol dose. The mean colonic temperatures of the
various rat groups did not differ significantly from one another.

The results indicated that disruption of the BBB by the RFR was due to elevation of brain
temperature. The authors concluded that, depending on dosage, ethanol can inhibit such
disruption of the BBB by moderating the increases in brain temperature produced by the RFR.
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They ascribed the action of ethanol to physiologic cooling of the RFR-exposed region of the
brain, and cited references indicating that ethanol and pentobarbital can act synergistically.

B.3.4.2 Histopathology and Histochemistry of the Central Nervous System

Neural histopathologic and histochemical studies are, respectively, those of diseased or
damaged neural tissues, and the chemical composition of such tissues. RFR effects have been
sought in virro, on preparations of neural tissues excised and kept alive in appropriate solutions
while undergoing RFR exposure, and in vivo, from exposure of live animals.

B.3.4.2.1 Histological and Histochemical Studies In Vitro

In several histological studies, preparations of neural tissue were exposed to RFR in vitro.
Courtney et al. (1975) excised superior cervical ganglia from white rabbits, stretched them singly
across a vertical section of waveguide sealed at the bottom with a quarter-wave dielectric plate
and filled with Ringer’s solution, and exposed each ganglion to 2.45-GHz CW RFR from below.
The calculated normalized SAR of the ganglion was 2.2 W/kg per mW/cm2. The preganglionic
end was connected to a set of stimulating electrodes outside the waveguide, and contact with the
postganglionic end was made via a glass capillary through a wall of the waveguide. Ringer’s
solution at 37°C was pumped through the waveguide section.

Each ganglion was exposed to RFR at power densities up to about 300 mW/cm?2 (660 W/kg)
for 1-minute intervals, with 1 minute between exposures for control measurements. The authors
noted that only above about 100 W/kg did the temperature rise of the Ringer’s solution exiting
the waveguide exceed 0.1°C. During the exposure and control intervals, the ganglion was
stimulated with 100-300 ps pulses at 1 pps, and the response latencies for synaptic transmission
of the B fiber (short latency) and the C fiber (long latency) were determined. No significant
changes occurred in the mean response latencies from the RFR at SARs up to 660 W/kg.

Chou and Guy (1978) similarly studied the rabbit vagus nerve and the cat saphenous nerve,
as well as the rabbit superior cervical ganglion. As in Courtney et al. (1975), each ganglion or
vagus nerve was mounted within a vertical waveguide section (parallel or perpendicular to the E-
vector) through which Ringer’s solution was pumped. The solution temperature at the fluid outlet
of the waveguide was held constant at 37 +0.02°C during exposure to the RFR. At the high RFR
levels, however, the fluid temperature at the center of the specimen (measured with a
nonperturbing probe) rose by as much as 1 °C because of the limited circulation rate of the fluid
pump.

Each specimen was stimulated with a 0.3-ms current pulse of 0.3-30 mA at 2-s intervals
before, during, and after exposure to RFR. The compound action potentials (CAPs) were
recorded, and their conduction velocity and amplitude were determined. Vagus nerves were
exposed to 1-ps pulses of 2.45-GHz RFR at 1000 pps or 10-ps pulses at 100 pps for 10-minute
periods at average SARs of 0.3, 3, 30, and 220 W/kg or to CW RFR at the same SARs, with 5
minutes between exposures. Superior cervical ganglia were exposed for only S-minute periods
because of their shorter lifetimes. Specimens were also exposed to pulsed RFR at 220 W/kg

average (220 kW/kg peak) and to CW RFR at 1500 W/kg with no current-pulse stimulation, to
test for the possibility of direct RFR stimulation.
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No direct stimulatory effects of RFR exposure were observed at the highest available SARs
(pulsed RFR at 220 kW/kg peak or CW RFR at 1500 W/kg) in the absence of stimulation by
current pulses. With electrical stimulation, no changes in amplitude or conduction velocity of the
CAPs were seen for exposures of rabbit superior cervical ganglia or vagus nerves to pulsed or
CW RFR at SARs that did not increase the fluid temperature near the center of the specimen.

The conduction velocity and peak CAP amplitude versus time was shown for a
representative cat saphenous nerve exposed to the CW RFR at 1500 W/kg, an SAR that
increased the fluid temperature by 1°C. The conduction velocity rose by about 2% during
exposure, a result reproduced by raising the temperature of the solution 1°C by non-RFR means.
The variations in peak CAP amplitude were small and apparently not RFR-dependent. Similar
data were shown for a representative stimulated rabbit vagus nerve before, during, and after
exposure to 10-ps pulses (100 pps) at 220 kW/kg peak, and to CW RFR at 1500 W/kg. For the
pulsed RFR, the fluid temperature rose 0.3°C, which increased the conduction velocity slightly
(from 117 to 118 m/s). For the CW RFR, the fluid temperature rose by 1°C, which increased the
conduction velocity from 117 to 135 m/s. An equivalent rise in fluid temperature by non-RFR
means yielded the same velocity increase.

CAP recordings for a rabbit superior cervical ganglion exposed to 1-us pulses (1000 pps)
and to CW RFR at the same SARs as the vagus nerve were also made. For the pulsed RFR, the
fluid-temperature rise was again 0.3°C, but the latency time remained unchanged. The rise in
fluid temperature by the CW RFR was again 1°C, and the latency time decreased to 16 ms, a
result reproduced by raising the fluid temperature 1°C by non-RFR means.

Among the histochemical effects sought in vitro were RFR-induced alterations in the
activities of the enzymes acetylcholinesterase (AChE) and creatine phosphokinase (CPK) in
rabbit blood. Olcerst and Rabinowitz (1978) found that 2.45-GHz RFR significantly decreased
AChE activity, but only at a level sufficient to denature AChE (about 125 mW/cm#). Galvin et
al. (1981c) observed that 2.45-GHz RFR did not affect the activity of either AChE or CPK at
SARs up to 100 W/kg.

B.3.4.2.2 Histological and Histochemical Studies In Vivo

Albert et al. (1981) indicated that prenatal development of the mammalian brain depends on
migration of nerve cells, and specifically that a readily identifiable cell class in the cerebellum
called Purkinje cells arises during the second half of gestation. They sought possible effects of
prenatal and postnatal exposure to RFR of rats on such cells.

In 1 experiment, 2 groups of 3 pregnant rats each were exposed to 2.45-GHz RFR at 10
mW/cm? for 5 days starting on gestation day 17. The mean SAR was estimated as about 2 W/kg,
with a range 0.8 to 6 W/kg due to rat movements. Six other rats were sham-exposed. Of the 6
pups in each group, 3 were euthanized on postnatal day 1, and the other 3 of each group were
cuthanized 40 days after birth. The cerebella from the day-1 pups were not mature enough for
clear discernment of the Purkinje cells, but the mean Purkinje cell counts for the RFR-exposed
40-day pups were much lower than for the sham-exposed 40-day pups. The latier result was
taken as indicating the permanence of this prenatal-exposure effect.

In another experiment, 1 pup each of 6 pairs of litter mates was exposed to RFR for 5 days,
7 h/d, whereas the other pup was sham-exposed. Three pups of each group were euthanized
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immediately, and the other three of each group were euthanized 40 days later. In the groups
euthanized immediately, the mean Purkinje-cell count for the rat pups exposed to the RFR was
significantly lower than for those sham-exposed, but the mean counts for the 40-day RFR-
exposed and sham-exposed pups did not differ significantly. The authors regarded those results
as indicating the reversibility of the effect.

The statistical validity of the positive results above is open to question because of the large
SAR variations noted by the authors. They also conducted a similar study on squirrel monkeys
that previously had been exposed perinatally elsewhere, which yielded no significant differences
between RFR- and sham-exposed groups in whole-body mass, brain mass or volume, or in
counts of Purkinje cells.

Merritt and Frazer (1975) exposed mice for 10 minutes to 19-MHz RFR consisting of either
an electric field at 6 kV/m with associated magnetic field of 6.4 A/m, or a magnetic field at 41
A/m with 2 kV/m associated electric field; these exposures did not increase rectal temperature.
The objective was to determine whether such fields can alter the levels of specific
neurotransmitters in the mouse brain.

Fifteen minutes after the 19-MHz exposure, the head of each mouse was exposed to intense
microwave RFR to quickly inactivate its brain enzymes — a method that produced a rise in brain
temperature of 40 to 50°C in 1 second. Sham-exposed mice were similarly treated. After such
inactivation, the brains were assayed for the levels of serotonin (SHT) and its metabolite 5-
hydroxyindole acetic acid (SHIAA), dopamine (DA) and its metabolite homovanillic acid
(HVA), and norepinephrine (NE). No significant differences were found between the sham-
exposed controls and those exposed to either the E-field or H-field in the mean whole-brain
concentrations for any of the neurotransmitters or their metabolites.

Sanders et al. (1980) investigated the hypothesis whether exposure of brain tissue to RFR in
vivo results in inhibition of the respiratory chain function, followed by decreases in
concentrations of adenosine triphosphate (ATP) and creatine phosphate (CP). The authors noted
that reduction of nicotinamide adenine dinucleotide (NAD) to NADH can be monitored in situ
continuously by fluorescence measurements. Thus, if RFR exposure stresses the cells that inhibit
respiratory chain function or cell functions that use ATP and CP, the NADH level will increase.

Rats were anesthetized, and a small aperture was made through the skull. The head of the rat
was held rigidly in place, the light from a 366-nm excitation source was focused on a small spot
on the cerebral cortex, and a fiber-optic bundle was directed toward the focal spot. The other end
of the fiber-optic bundle was terminated at a wheel that housed a 460-nm filter to permit
measurements of NADH fluorescence at that wavelength, and a 366-nm filter for reflectance
measurements of the incident beam from the brain surface.

After preparation, each rat was exposed to 591-MHz CW RFR in the far field of a horn. The
radiation pattern of the horn was such that only the head of the rat was exposed. Maximum SARs
at the surface of a 2.0-cm diameter sphere and a semi-infinite plane of brain tissue were
estimated to be 0.026 and 0.16 W/kg per mW/cm2, respectively.

In a baseline experiment, after NADH fluorescence remained steady for 5 minutes in the
absence of RFR, exposure to 591-MHz RFR was begun for 5 minutes at 13.8 mW/cm2. In a
representative graph of fluorescence, the intensity of the trace began to rise on RFR initiation. It
reached a maximum of 12.5% above baseline level at 30 seconds, showed a compensatory partial
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return toward baseline during the next 2.5 minutes, and than a slow rise during the remaining 2
minutes. The authors noted that the 30-s maxima for the rats tested were in the range 4% to
12.5% above baseline.

Groups of rats were then sham-exposed or exposed at 13.8 mW/cm2 for 0.5, 1, 2, 3, or 5
minutes. Immediately after exposure, the head and neck of each rat were immersed in liquid
nitrogen and the frozen head was removed and stored in liquid nitrogen. Subsequently, the frozen
cerebral hemisphere near the aperture in the skull was extracted, pulverized, and assayed for ATP
and CP. Other rats were sham-exposed or exposed at 5.0 mW/cm?2 for 0.5 or 1 minute and
similarly processed.

Mean ATP and CP concentrations as percentages of baseline levels and their standard errors
were graphed versus exposure duration. Sham-exposures yielded no statistically significant
percentage changes in either mean ATP or mean CP level relative to baseline. For 13.8 mW/cm2,
however, 30-s exposures yielded the lowest mean ATP level - about 75% of baseline. For the
longer exposures, the mean ATP levels were higher but did not exceed about 90% of baseline.
The 30-se RFR exposures also yielded the lowest mean CP level — about 60% of baseline. The 3-
minute exposures yielded a relative maximum of 85% of baseline and the 5-minute exposures
showed a decrease to 60% again.

All of the percentage differences in mean ATP and CP between RFR and sham groups at
corresponding times were significant, with most at the p<0.005 level. In particular, the mean
ATP and CP levels for exposure at 5 or 13,8 mW/cm?2, each for 0.5 and 1 minute, differed
significantly from their corresponding sham-exposure levels. For each duration, however, the
difference in results between the two RFR levels was nonsignificant; these findings indicate that
the effect may not be dose-dependent, or that it saturates below 5 mW/cm?2,

Temperatures at depths of 2-3 mm below the brain’s surface were measured with a
thermistor placed adjacent to the focal spot of the excitation light, with the leads at right angles to
the electric vector. Rats other than those used in the NADH, ATP, and CP assays were exposed
at 0, 13.8, 18.0, 30.0, 40.0, and 47.0 mW/cm2 for 5 minutes. With sham-exposure, heat loss
through the aperture in the skull was found to cause a decrease in brain temperature of 0.7°C at
the end of the period. At 13.8 mW/cm2, a decrease of 0.6°C was observed at exposure end; that
value is close to that for sham-exposure, presumably an indication that the RFR at that level had
added little heat. Decreases of 0.5 and 0.1°C were observed at 18.0 and 30.0 mW/cm?2,
respectively, and increases of 0.2 and 0.1°C were obtained at 40.0 and 47.0 mW/cm2. Rectal
temperatures remained constant at all exposure levels.

From those results, the authors concluded that the observed changes in mean ATP and CP
levels at 5 or 13.8 mW/cm? could not be ascribed to general tissue hyperthermia (but they did not
exclude local hyperthermia). Instead, the data support the hypothesis that RFR inhibits electron
transport chain function in brain mitochondria, thereby decreasing brain energy levels.

In another study, Sanders and Joines (1984) investigated the effects of hyperthermia alone
and in conjunction with RFR. In the hyperthermia-only experiments, brain temperatures of sham-
exposed rats maintained at 35.6°C yielded mean ATP and CP concentrations that did not differ
significantly from those for sham-exposure reported in Sanders et al. (1980). Groups were then
sham-exposed with brain temperatures held at 37.0, 39.0, or 41.0°C, and the mean ATP and CP
concentrations versus brain temperature were plotted as percentages of the concentrations at

B-57



35.6°C. The percentages of both ATP and CP declined steadily with increases in brain
temperature, with the CP rate of decline higher. At 39°C, ATP and CP decreased to about 90%
and 70%, respectively; at 41°C, the decreases were to about 70% and 45%, respectively.

Rats were exposed at 13.8 mW/cm?2 for 0.5 to 5 minutes while their brain temperatures were
held at 35.6°C, and the percentage increase in NADH and mean percentages of ATP and CP
(relative to the concentrations at 35.6°C for sham-exposed rats) were plotted versus exposure
duration. The results for 30-s exposures showed the largest decreases — to about 75% for ATP
and to about 60% for CP. A similar set of experiments was conducted with brain temperatures
held at 39.0°C before and during RFR exposure (RFR plus hyperthermia). At 0 minutes of RFR,
the ATP and CP levels were respectively about 90% and 70%, with these decreases ascribed to
the hyperthermia; the levels declined further to minima of about 60% and 45% for 1-minute
RFR-exposures. For 5-minute exposures, the ATP level rose to about 80% and the CP level rose
to about 50%. The general conclusion of the authors was:

The decreases in ATP and CP in the 39°C brain during microwave
exposure were significant and resulted in ATP and CP being much lower
than observed at 35.6°C. Thus, at 39°C when the brain metabolic rate was
increased, subsequent microwave exposure rapidly induced further
decreases in ATP and CP, similar to the 35.6°C microwave exposure data,
i.e., without a further increase in brain temperature; [these results] are
consistent with the concept of direct microwave inhibition of energy
metabolism.

The latter statement seems open to question, however, because an estimated local SAR of
8.5 W/kg at 13.8 mW/cm2 must have produced considerable local heating, even though the mean
brain temperature was held constant by external means.

Sanders et al. (1984) performed similar experiments, but at 200 MHz and 2,450 MHz as
well as at 591 MHz. Local SARs in the brain of a dead rat were determined by measuring
temperature rise versus time with a Vitek isotropic probe during exposure of the carcass to each
frequency at 60 and 100 mW/cm2. The normalized SARs at 200, 591, and 2,450 MHz were
0.046, 0.185, and 0.368 W/kg per mW/cm?2,

For the NADH fluorescence part of the study, a group of 6 rats was exposed at each RFR
frequency. Each rat was given 2-minute exposures at increasing power densities in the range 0.5
to 20.0 mW/cm?2 (with 2 rats also given 40.0 mW/cm2), and its NADH fluorescence was
measured after each exposure. NADH fluorescence returned to baseline between exposures.

Because the differences in NADH results among the 6 rats of each group were large, their
data were not combined for statistical treatment. Instead, the percentage changes in NADH
versus power density were tabulated for each rat, with each serving as its own control. The 200-
MHz data for each rat showed steady increases in NADH with power density, indicative of a
dose-response relationship, with a trend toward saturation at the higher power densities. The
results for 591 MHz were similar. However, no NADH changes were detected for 2,450 MHz,
from which the authors suggested that the effect is frequency-dependent.

Whole-brain mean assays of ATP and CP for exposure to 200, 591, and 2,450 MHz at 13.8
mW/cm? versus exposure duration were shown graphically as percentages of baseline values.
From the previously cited normalized SARs at the 3 frequencies, the SARs were about 0.6, 2.6,
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and 5.1 W/kg, respectively. The largest effects were for 30-second exposures to either 200 MHz
or 591 MHz; the levels of ATP decreased to about 80% and 75% of baseline for the two
frequencies, respectively, and rose for exposures of longer durations. The mean CP assays
showed no significant changes for 200 MHz, but a decrease to about 60% of baseline for 30-
second exposures. No significant changes in either ATP or CP were seen at 2,450 MHz.

Given the negative findings at 2.45 GHz, the effect above is unlikely to be of importance
relative to the RFR from the WSR-88D radar.

Lai et al. (1988) studied the results of single, 45-minute exposures of rats to 2.45-GHz CW
or pulsed RFR (2-ps pulses at 500 pps) on choline uptake in several regions of the brain, with the
uptake a measure of cholinergic activity. Exposures were done in groups of four individual
cylindrical waveguide chambers (Guy et al., 1979) to circularly polarized RFR, or in a miniature
anechoic exposure chamber (Guy, 1979) to plane-polarized RFR. The exposure levels were set to
yield a whole-body SAR of 0.6 W/kg (1.0 or 2.07 mW/cm2, respectively). Control rats were
sham-exposed in the same chambers.

A dosimetry study by Chou et al. (1985) indicates that 0.6-W/kg whole-body SAR in a
cylindrical waveguide yielded a spatial mean SAR in the head of 0.77 W/kg with the rat facing
the RFR source and 0.91 W/kg with the tail facing the source. On the other hand, for a rat
exposed dorsally in the anechoic chamber from above (with the top of its body toward the
source) and its body axis parallel to the electric vector, the spatial mean SAR in the head
corresponding to 0.6-W/kg whole-body SAR is 0.56 W/kg.

All four exposure conditions yielded decreases in choline uptake in the frontal cortex, with
no significant differences between the CW and pulsed RFR. Decreases in choline uptake were
seen in the hippocampus for exposures to the pulsed RFR in both types of chamber, but not to the
CW RFR in either type of chamber. Choline uptake decreased in the striatum from exposure to
pulsed or CW RFR in the anechoic chamber, but not in the waveguide chambers. On the other
hand, no significant changes in choline uptake in the hypothalamus were seen for any of the
exposure situations.

The authors suggested that the differences in results for the CW and pulsed RFR could be
ascribed to the RFR auditory effect, noting that the characteristics of the pulsed RFR used were
above the threshold for that effect. They did not suggest specific mechanisms for the other
results.

B.3.4.3 EEG- and Evoked-Response Changes

Studies have been done to ascertain the effects of RFR on the EEG or on the response
evoked by visual or auditory stimuli. EEG measurements done after completion of RFR exposure
may be subject to interpretation problems stemming from the time consumed in attaching the
electrodes and variability of their placement. Moreover, transient effects that may occur during
exposure can disappear when exposure ceases. On the other hand, in studies to measure EEG
changes during exposure, the electrodes and leads used to pick up the EEG signals also picked up
electrical signals directly from the fields, introducing artifacts that rendered the recordings
difficult to interpret. In addition, indwelling or chronically attached electrodes have perturbed the
electric fields in their vicinity and yielded considerable enhancement of energy absorption,
thereby creating sull another artifact in the EEG data. However, in a few more recent studies,
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those problems have been minimized by the use of specially designed indwelling electrodes of
high-resistivity materials that do not cause field perturbation.

Experiments in which such specially devised electrodes were used, or in which electrodes
were applied after exposure, yielded no evidence of significant differences in EEGs or in evoked
responses between control and RFR-exposed animals. Therefore, there is no evidence that the
EEG or evoked responses of people will be affected by the RFR emitted by WSR-88D units.

Takashima et al. (1979) sought the possible effects of amplitude-modulated electric fields on
the EEGs of rabbits. They exposed rabbits to frequencies in the range 1-30 MHz between two 30
x 30 cm aluminum plates spaced 20 cm apart at fields in the range 0.5-1 kV/m. A circuit for
impedance matching inserted between the plates and the source was used to minimize reflected
powers. As noted below, EEGs were recorded before, after, and in some experiments, during
exposure, with stainless-steel electrodes chronically implanted along the midline in the central
and posterior regions of the brain; scalp electrodes were used in other experiments.

The EEG signals were fed to a preamplifier having a pass band of 3-100 Hz and a 60-Hz
notch filter. In initial experiments, the authors found it difficult to interpret the unprocessed time-
domain signals. In subsequent experiments, therefore, the signals were sampled at 5-ms intervals
(1024 points), digitized, converted to complex spectra in the frequency domain by fast-Fourier-
transform (FFT), and thence to power spectra. Smoothing the power spectra was required to
resolve discrete frequency components, and sequential displays of the smoothed autocorrelation
power spectra (usually 17 spectra at 3-min intervals) were examined for time-invariant features.

Typical preexposure power-spectra sequences from anesthetized rabbits showed frequency
components between S and 15 Hz that varied during each sequence, indicating the absence of a
dominant component. The authors denoted such EEGs as “normal”.

To determine the effects of short-term exposure, anesthetized animals were exposed once
(acute exposure) to fields modulated at 60 Hz. In one set of experiments (5 animals), stainless-
steel electrodes had been implanted in the brain and were allowed to remain in the cranial cavity
during exposure. The sequential set of power spectra obtained following exposure showed a
clustering of amplitude peaks in the range 2-5 Hz that persisted over the postexposure recording
period (40-60 min). Reduction of high-frequency components was also noted. Similar patterns
were seen with no modulation, but to a lesser extent.

In a second set of experiments (2 animals), the EEG electrodes were removed before
exposure and reinserted after exposure. (It was not clear whether surgery was used for such
removal and reinsertion, and if so, what effect it had.) The resulting power spectra were said to
resemble normal EEGs as defined above; no clustering of spectral components was seen.
Therefore, the EEG alterations in the first set of acute-exposure experiments were attributed by
the authors to the local field created by the presence of metal electrodes in the cranial cavity.

To investigate the effects of chronic exposure, 4 unanaesthetized animals were exposed 2
h/d for 6 weeks to 1.2-MHz fields modulated at 15 Hz. EEGs were recorded every 2 weeks with
silver electrodes placed directly on the skull before and after exposure. A sequential display of
the power spectra taken after 4 weeks of exposure showed ordering of low-frequency spectral
peaks and reduction of high-frequency components similar to the acute-exposure data taken with
intracranial electrodes. The abnormal patterns began to appear after 2 to 3 weeks of exposure.
Histograms were constructed from power-spectrum sequences derived from 4-week exposures
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and normal EEGs. The histogram for the exposed animals showed major peaks at 2 and 10 Hz,
whereas the major peaks for normal EEGs were at 4.5, 8, and 11.5 Hz.

The authors assumed that the rabbit head (without the intracranial metal electrodes) could be
modeled as a homogeneous conducting sphere immersed in a 10-MHz field of 500 V/m, and they
calculated that the current density within the head was 0.082 mA/cm2. Consequently, they
regarded the positive results as a nonthermal effect. However, because they did not provide
measurements or estimates of the SARs in the head, it is unclear whether the positive findings
were thermal or nonthermal.

Even though enhancement of low-frequency components and increase in high-frequency
activity after 3 weeks were reported, the data presented do not support this conclusion, and the
authors themselves stated that the results presented were incomplete. However, they did note that
for acute exposure, ‘enhanced slow waves and unusually low high-frequency activities were due
to the local field created by the presence of the metal electrodes in the cranial cavity.”

In this study, the rabbits were used as their own control group, in that data obtained during
and after exposure were compared with “normal” (preexposure) data from the same group.
However, the lack of a similarly treated sham-exposed group makes it difficult to assess whether
the reported EEG changes were the result of exposure per se, or perhaps of adaptation to the
repetitive aspects of the experimental procedures, such as handling and recording.

When power spectra for EEGs recorded at short time intervals (3 min) in a sequence are
highly variable relative to one another, it is difficult to quantitatively assess the differences
among the sequences. Autoregressive spectral estimation techniques may be more appropriate for
analysis of EEG data than FFT techniques, because interval definition is problematic for
nonstationary data. Qualitatively, nevertheless, the chronic-exposure data appear to show
enhancement of low-frequency power-spectral components and reduction of high-frequency
activities. On the other hand, comparison of data from the anesthetized animals used in the acute
experiments with data from the unanesthetized animals used in the chronic experiments lacks
analysis of the effects of anesthesia as a possible confounding factor. Moreover, it is not clear
why the data taken after 4 weeks, and not after 2 and 6 weeks, of exposure were presented.

B.34.4 Calcium EfMux

Various studies have reported that exposure of samples of brain tissue from newly hatched
chickens to 147-MHz or 450-MHz RFR at levels in the range 1-2 mW/cm? that were amplitude-
modulated at low frequencies increases the rate of exchange of calcium ions between the tissue
and the fluid bathing it (the “calcium-efflux effect”). The maximum effect was seen for
modulation at 16 Hz, and no effect was seen for unmodulated 147-MHz or 450-MHz RFR. A
similar effect was reported for exposure of the cortex of the paralyzed but awake cat.

Bawin et al. (1975) described the experimental protocol. After each neonate chick was
decapitated, its forebrain was quickly excised and each of its cerebral hemispheres was incubated
for 30 min in a mixtwre of physiologic medium and saline containing the radiotracer 43Ca*+.
After incubation, the samples were washed 3 times in a solution without the tracer. They were
then immersed in physiologic medium for 20 min during which 1 hemisphere of each chick was
exposed to RFR, with the other hemisphere as the control. On treatment completion, an aliquot
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of each bathing solution was processed and assayed for radioactivity by liquid scintillation
counting.

The exposures were to a 147-MHz field between two large aluminum plates within an
environmental chamber maintained at constant temperature and relative humidity. The field was
amplitude-modulated at 0.5, 3, 6, 9, 16, 20, 25, or 35 Hz, or was not modulated. The RFR
applied to the plates was adjusted to yield intensities in the range 1-2 mW/cm?2.

The results for the unmodulated field and each modulation frequency were plotted as bar
graphs of the mean percentage concentration increases (effluxes) of 43Ca*+ relative to the
corresponding mean for unexposed samples, with standard errors of the means (SEs). The
unmodulated field and the fields modulated at 0.5, 3, 6, 9, and 16 Hz yielded progressively larger
increases in calcium efflux, with a high of 19% (119% of control) for 16 Hz. Calcium efflux for
0 Hz (unmodulated), 0.5 Hz, and 3 Hz were nonsignificant (p>0.05); those for 6 and 9 Hz were
significant at the 5% level, and those for 11 and 16 Hz were significant at the 1% level. For
frequencies above 16 Hz, calcium efflux progressively declined with increasing frequency: the
mean efflux was significant (p<0.05) for 20 Hz and was nonsignificant (p>0.05) for 25 or 35 Hz.

Other chick brains were used to compare the effects of RFR exposure on calcium efflux
from brains with those from brains poisoned with sodium cyanide. Four sets were assayed, each
set consisting of five poisoned samples and five normal samples: One set each was tested for the
effects of exposure to fields modulated at 0, 0.5, and 16 Hz and one set was tested without
exposure.

The results showed that although the mean effluxes from the normal and poisoned brains for
16-Hz modulation were significantly higher than their respective controls, the differences
between poisoned and normal brains for each exposure condition were not significant. The
authors stated:

The field effects observed previously were not altered by the cyanide
treatment, which strongly suggests that the 43Ca*+ effluxes from the cerebral
tissues are independent of any ongoing metabolism.

On the other hand, the nonsignificant differences between the results for normal and poisoned
brains appear to indicate that no calcium had moved across the cell membranes, (i.e., that
calcium efflux is not an effect involving transmembrane calcium transport).

Bawin and Adey (1976) performed similar experiments to ascertain whether the previously
observed calcium efflux from amplitude-modulated 147-MHz fields was due to the carrier
frequency or the modulation itself. They exposed chick-brain preparations to sinusoidal fields at
discrete frequencies of 1, 6, 16, or 32 Hz [in the extremely low frequency (ELF) and sub-ELF
ranges] instead of to 147-MHz fields amplitude-modulated at such frequencies. Exposures were
for 20 min at peak fields (in air) of 5, 10, 56, and 100 V/m.

The results indicated that the effect with ELF and sub-ELF fields was opposite to that with
amplitude-modulated 147-MHz fields: decreases rather than increases of calcium efflux were
obtained for all conditions, except with 1 Hz at 10 V/m, with maximum effect with 6 and 16 Hz
at 10 V/m. In addition, the data indicated the existence of a field-amplitude “window” (as well as

a frequency window). Specifically, for 6 and 16 Hz, the decreases were statistically significant at
10 and 56 V/m but not at 5 or 100 V/m.
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Regarding their statistical treatment of the data, Bawin and Adey (1976) presented the
rationale for discarding sample counts that were more than 40% above or below the mean of any
set of 10 samples and for eliminating extreme counts in any set that were more than 1.5 standard
deviations (SDs) from the mean. Despite the authors’ rationale, the validity of discarding
extreme values after the fact rather than from previous knowledge that an experimental error may
have occurred in any specific sample is questionable and weakens the credibility of the results.

Sheppard et al. (1979) similarly prepared and exposed chick-brain halves to 450-MHz RFR
sinusoidally modulated at 16 Hz only; this is the modulation frequency with which maximum
effect occurred in prior studies with 147-MHz RFR. Exposures were for 20 min in a transverse
clectromagnetic (TEM) cell (rather than between two parallel plates) at power densities of 0.05,
0.10, 1.0, 2.0, or 5.0 mW/cm2. After exposure, aliquots of bathing solution were assayed for
calcium efflux. The differences in normalized radioactivity between the exposed and control
samples were significant for 0.10 and 1.0 mW/cm?2, but not for the higher or lower levels, again
indicating the existence of an intensity window.

Those authors stated:

With attention to the important experimental steps (consistency in the pH and
osmolarity of the physiological solution, and careful rinsing of the brains after
incubation with the radioactive solution) it was possible to reduce the
occurrence and magnitude of extreme values so that no data points were
discarded.

Blackman et al. (1979) performed experiments to reproduce the 147-MHz results of Bawin
et al. (1975). They also used a TEM cell to expose chick-brain samples for 20 min, but to 147-
MHz RFR instead of 450-MHz RFR. Two series of exposures were made. In one series, power
density was held constant at 0.75 mW/cm?2, and the modulation frequencies were 0, 3, 9, 16, and
30 Hz. In the other, the modulation frequency was held constant at 16 Hz, and the power
densities were 0, 0.5, 0.75, 1.0, 1.5, and 2.0 mW/cm?2. The results seem to confirm the existence
of the calcium-efflux phenomenon in excised chick brains, at least for 147-MHz RFR amplitude-
modulated at 16 Hz. As the authors indicated, however, the power density window was narrower
than those for modulated 450-MHz RFR and for sinusoidal sub-ELF fields.

Subsequently, Blackman et al. (1982) noted that their calcium-efflux changes
(enhancements) were opposite in direction to the reductions found by Bawin and Adey (1976) at
frequencies in the same range. They also noted that the alternating currents flowing in the walls
of the TEM cell exposed their samples to a magnetic component as well as the alternating TEM
field, whereas the parallel plates used by Bawin and Adey produced alternating electric fields
only. Thus, Blackman and coworkers hypothesized that the magnetic component could influence
changes in calcium efflux significantly and suggested that a direct current (DC) magnetic field
such as that of the earth might also have a role.

Accordingly, the exposure apparatus used by Blackman et al. (1985) consisted of a

transmission line that permitted use of an alternating electric field either alone or together with
~ an alternating magnetic field. The transmission line was placed within a pair of large Helmholtz
coils oriented to produce a DC magnetic field parallel to the earth’s field, thereby permitting
local alterations of its magnitude and polarity. The preparation of chick-brain samples was
similar to that in previous studies.
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Experiments in which the earth’s magnetic field was altered by factors of 0.33, 0.5, 0.67,
1.33, or 2.0, or its polarity was reversed, yielded results that appeared to indicate a fundamental
involvement of the earth’s field in calcium-efflux changes. However, the relation between the
sizes of such changes in DC magnetic field and the presence or absence of the calcium-efflux
effect, if any, was obscure. It is noteworthy that the RMS value of alternating magnetic
component used in most of the experiments was 59.5 nanoteslas, whereas the local value of the
carth’s DC magnetic field was 38 microteslas (or about 600 times larger).

In a more recent study, Blackman et al. (1991) reported that calcium efflux can be reduced,
enhanced, or nullified by appropriately varying the temperature of the chick-brain samples before
and during exposure. The authors hypothesized the existence of a temperature-window effect (an
effect that occurs only within a narrow temperature range) and suggested that these results could
account for the different outcomes (including those of opposite direction of effect) by various
researchers.

Shelton and Merritt (1981) investigated whether pulses of RFR at repetition rates
comparable to the modulation frequencies used in the chick-brain studies would elicit alterations
in calcium efflux from the rat brain. In each experiment, pairs of samples of cerebral
hemispheres from euthanized rats were processed together for RFR- and sham-exposure. Each
sample was immersed in medium containing 43Ca** in a beaker, in which the sample was
incubated for 20 min at 37°C. Then the samples were washed once with medium that was free of
45Ca*+ and were transferred to clean beakers containing radioactivity-free medium for RFR- or
sham-exposure. Because the 45Ca++ concentration could be affected by the extent of tissue
washing, the samples in one experiment were washed with radioactivity-free medium S times
instead of once.

In four experiments, exposures were for 20 min to 20-ms pulses of 1-GHz RFR, 16 pps, a
repetition rate analogous to the 16-Hz amplitude modulation used in the chick-brain experiments.
The average power densities were 0.5, 1.0, 2.0, or 15 mW/cm?2, selected to search for the
reported power-density window. In two other experiments, samples were exposed for 20 min to
10-ms pulses, 32 pps, at 1.0 or 2.0 mW/cm2. Sham-exposures for each experiment were
conducted similarly. For each experiment, four groups each of RFR- and sham-exposed samples
made up the population.

In a seventh experiment, samples washed 5 times instead of once were exposed to 20-ms
pulses, 16 pps, at 1.0 mW/cm?2 (or sham-exposed). In an eighth experiment (with samples
washed only once), the exposure parameters used were the same, but exposure was interrupted
for about 1 minute each after 4, 8, and 12 min of exposure, and 0.5-ml aliquots of the incubation
medium were taken and assayed for possible time-dependent effects and replaced with fresh
medium.

On completion of RFR- or sham-exposure, the radioactivities of the media and tissue
samples were assayed by liquid scintillation counting. These authors defined “efflux value” as
the ratio of counts per minute (CPM) of the medium to the sum of the CPMs in tissue and
medium, an efflux measure that differed from that used by other investigators. The cerebral
tissues taken from 143 rats in the first 6 experiments yielded nonsignificant differences between
any of the mean 45Ca*+ effluxes when RFR-exposed samples were compared with their
corresponding sham-exposed control samples. The mean effluxes for RFR- and sham-exposure
in the seventh experiment (24 rats, 5 washings instead of 1) also did not differ significantly from
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one another, but both means were higher than those obtained in the first 6 experiments. In the
cighth experiment (interruption of exposure), successive rises in efflux were seen at the three
interruption intervals, but again the differences in the means for RFR- and sham-exposed
samples at corresponding times were nonsignificant.

Thus, the findings of Shelton and Merritt (1981) were negative, but as the authors pointed
out, no direct comparisons can be made between their results and those of the investigators on
chick brains discussed previously because in addition to the difference in species, the samples
were actually exposed (with a duty factor of 0.32) for only a third of the 20-min period (at
correspondingly higher peak levels), and because the spectral energy distribution for the 16-pps
repetition rate differed markedly from that in the sidebands for 16-Hz amplitude-modulated RFR.

Merritt et al. (1982) performed experiments in vivo as well as in vitro on possible pulsed-
RFR-induced alterations of calcium efflux from the rat brain. For both types of experiment, brain
tissue was loaded with 43Ca*+ by injection directly into the right lateral ventricle of ether-
anesthetized rats.

In the in vitro experiments, the rats were euthanized by cervical dislocation after
intraventricular injection of 43Ca**. Six samples of brain tissue excised as in the previous study
were concurrently exposed for 20 min to 20-ms pulses, 16 pps, of 1-GHz RFR at 1 or 10
mW/cm?Z (SAR 0.29 or 2.9 W/kg) or of 2.45-GHz RFR at 1 mW/cm?2 (SAR 0.3 W/kg), with a
like number of samples sham-exposed as controls.

Although the radioactivities of the incubation media and the tissue samples were assayed by
liquid scintillation counting, the results were not given in terms of the efflux values as defined in
Shelton and Merritt (1981); instead, the mean disintegrations per minute per gram of tissue
(DPM/g) and SDs were presented. By two-tailed t-test, the difference in mean DPM/g values
between RFR- and sham-exposed samples was not significant for any of the three exposure
conditions.

For the whole-animal exposures, 2 h after the rats were injected with 45Ca*+, each rat was
gently squeezed between two sides of a holder to keep its body axis constant during exposure,
and groups of 12 rats each were exposed for 20 min to 2.06-GHz RFR with their long axes
parallel to the E-field. One group each was exposed to CW at 0.5, 1.0, 5.0, or 10.0 mW/cm?2, and
one group each to 10-ms pulses at 8, 16, or 32 pps and average power density of 0.5, 1.0, 5.0, or
10.0 mW/cm? (16 groups total). A seventeenth group was sham-exposed. By calorimetry with rat
models, the normalized SAR was 0.24 W/kg per mW/cm?, yielding 0.12, 0.24, 1.2, and 2.4 W/kg
for the average power densities above.

After exposure, the rats were euthanized, and their brains were removed and processed
appropriately for 43Ca*++ assays. Statistical tests on the 17 treatment combinations (4 x 4 RFR-
exposures, 1 sham-exposure) showed that the difference between the sham group and the
combined RFR groups and the differences between the sham group and the individual RFR
groups were nonsignificant.

This paper, like the previous one, described an attempt to determine whether changes in
calcium efflux reported to be induced in chick brains by in vitro exposure to amplitude-
modulated RFR might also be seen in rats given in vitro or in vivo exposure to pulse-modulated
waveforms. No RFR-induced calcium-efflux changes were found. However, in addition to the
differences previously noted about species, carrier frequency, and waveform, other important
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ones occurred — most notably that the brain was loaded with 45Ca** by injection into the right
ventricle of the brain of the intact animal, whereas external bathing media containing 45Ca++
were used in the other studies.

Adey et al. (1982) presented the results of a study of 45Ca++ efflux from the cortex of the
paralyzed but awake cat. A hole centered over the right cortex had been drilled under ether
anesthesia. The dura was removed and a plastic well was fitted into the aperture to make gentle
contact with the surface of the pia. Nonradioactive physiologic medium was added to the well
and all skin incisions, and pressure points were anesthetized locally. The use of ether was then
discontinued, the cat was paralyzed, and artificial respiration was maintained with a tracheotomy.

During recovery from ether anesthesia, the fluid level in the well was replaced at 10-min
intervals for 30 min, to ensure that the fluid was clear. Incubation was then begun with medium
that contained 43Ca*+*, and was continued for 90 min, at the end of which the fluid was replaced
with a nonradioactive medium. At 10-min intervals during the remainder of the experiment, the
fluid was exchanged completely with fresh medium, and aliquots of each solution were removed
and assayed for 43Ca*+.

Starting at different times after completion of incubation of the cortex with 43Ca*+, 23
female cats were individually sham-exposed or exposed for 60 min to 450-MHz RFR amplitude-
modulated at 16 Hz. Differences in efflux patterns were sought at intervals ranging from 80 to
120 min. Each cat was placed in a plastic stereotaxic headholder, with its body axis normal to the
incident field and with the right cerebral cortex nearest the RFR source. The average power
density was 3.0 mW/cm?2, for which the electric field within the interhemispheric fissure was
found to be 33 V/m, corresponding to an SAR of 0.29 W/kg.

The description of the data-analysis methods used was obscure. The authors fit relative
45Cat++ efflux data taken at 10-min intervals in the absence of the RFR by a time-dependent
equation involving the sum of 2 exponential terms. They therefore log-transformed the data and
used linear regression to obtain an idealized curve of relative efflux versus time. They then
quantified the results for RFR-exposed cats in terms of the means of the relative squared
deviations of experimental data from the idealized curve at sampling points (rather than
comparing the slope of the regression line for the RFR-exposed cats with the slope of the
idealized curve), and similarly for the sham-exposed cats. Presumably this was done because the
mean values for the RFR-exposed and sham-exposed cats were comparable, but the SDs for the
former were larger than for the latter.

Next, the authors paired experimental curves of relative 43Ca*++ efflux (defined in terms of
relative squared deviations) versus time from RFR- and sham-exposed cats. They graphed the
data for a representative pair of cats — one exposed to RFR for 60 min, starting after 90 min of
preexposure measurements, and the other similarly sham-exposed. By eye, the average slopes of
the two curves were about the same up to about the first 60 min of the preexposure measurement
period. From about 60 min onward, which included the 60-min interval of RFR- or sham-
exposure and afterward, both slopes were smaller, but the average slope for the RFR-exposed cat
was less negative than for the sham-exposed cat, and showed cyclic variations (“waves of
increased 45Ca++ efflux”) with a periodicity of about 25 min.

Np experimental data for RFR- and sham-exposed animals were given (other than mention
of their use in the curve-fitting method noted above) or were directly compared for statistically
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significant differences. The absence of such data seemed to imply that the important differences
in calcium efflux for the RFR- and sham-exposed animals were in the mean-squared deviations
from the ideal and the cyclic variations about the idealized linear fits to the data, and not between
the values themselves at corresponding times or their means.

B.3S Immunology and Hematology

Many reports indicate that RFR has specific effects on the immune systems of mammals.
Most reported effects were detected after exposure at power densities of about 10 mW/cm? and
higher; a few effects have been found from exposure to levels as low as about 0.5 mW/cm?2. In
most of the studies, the mechanisms for the effects were not investigated, and many of the results
were not consistent with one another. Representative studies are discussed in this section under

appropriate topics.

B.35.1  In Vitro Studies

Early studies were performed in vitro to determine whether exposure to RFR can stimulate
lymphocytes (one type of leukocyte or white blood cell) to become lymphoblasts, (i.e., active in
mitosis — cell division), and to undergo mitosis. In such studies, samples of lymphocytes taken
from the body were cultured, exposed to RFR (or exposed and then cultured), and examined for
effects induced by the RFR. Usually, such cells were cultured with a mitogen, an agent that can
stimulate transformation into lymphoblasts and mitosis. In recent studies, more subtle effects on
various types of leukocytes were sought. Also sought were effects of exposure in vitro on red

blood cells (erythrocytes).

B.35.1.1 Leukocyte Studies

Smialowicz (1976) exposed suspensions of mouse-spleen cells to 2.45-GHz RFR at 10
mW/cm? (a SAR of about 19 W/kg) for 1, 2, or 4 h. Similar suspensions held at 37°C (without
RFR exposure) for the same durations served as controls. After treatment, specimens were
cultured with and without each of four different mitogens. No significant differences were seen
between RFR-exposed and control specimens treated for corresponding durations. This was true
for specimens not stimulated with mitogen, as well as those stimulated with any of the four
mitogens. The temperature and percentage viability of specimens immediately after each
treatment were also measured, and no significant differences were seen between exposed and
control samples for each treatment period.

Hamrick and Fox (1977) exposed cultures of rat lymphocytes with and without a mitogen
(PHA) to 2.45-GHz RFR at 5, 10, or 20 mW/cm? (0.7, 1.4, or 2.8 W/kg) for 4, 24, or 44 h, and
assayed them for lymphoblast transformation by the cellular uptake of triium-labeled thymidine.
The differences in thymidine uptake between mitogen-stimulated cultures and non-stimulated
cultures for each RFR level and duraton were large, but the differences between RFR- and
control cultures were nonsignificant.

Roberts et al. (1983) exposed human mononuclear leukocyte cultures to 2.45-GHz RFR for
2 h at 4 W/kg, with no attempt to remove heating due to the RFR. Other cultures were sham-
exposed, and untreated cultures were controls. The three groups of cultures were assessed for
viability on days 1 through 7 after treatment, and assayed daily for DNA, RNA, and total protein
synthesis. Mean viability of all three groups increased and decreased with time, but the
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differences among the groups were not significant. Similar results were obtained at 0.5 W/kg and
intermediate SARs. There were also no significant differences among the groups in DNA, RNA,
and total protein synthesis.

The three groups were also assayed for spontaneous production of interferon, influenza-
virus-induced production of alpha-interferon, and mitogen-induced production of gamma-
interferon. Spontaneous production of interferon did not occur. Most of the virus-induced alpha-
interferon was present by 24 h in the RFR group and the other two groups, with no significant
differences among the three groups. The mitogen-induced gamma-interferon, usually produced in
48 to 72 h, was found in all stimulated cultures by 72 h, with no significant differences among
the three groups.

In a later study, Roberts et al. (1987) infected human mononuclear leukocyte cultures with
influenza virus and then exposed them to 2.45-GHz RFR, either CW, or pulsed at 60 or 16 Hz
(duty cycle 0.5), all at 4 W/kg. Control cultures were sham-exposed. No significant differences
due to RFR exposure relative to sham exposure were found in leukocyte viability of virus-
infected leukocyte or uninfected cultures, or in DNA synthesis from mitogen stimulation.

Lyle et al. (1983) sought effects for 60-Hz-amplitude-modulated 450-MHz RFR at 1.5
mW/cm2 (SAR not stated) on the toxicity of certain rodent T-lymphocytes (effector cells) against
lymphoma cells (target cells) of a specific type. Exposure of specific mixtures of effector and
target cells inhibited the cytotoxicity obtained in control mixtures by about 20%. Similar
suppression percentages were seen in assays conducted in the absence of the RFR but in which
the effector cells had been exposed before mixing them with the target cells. The authors
therefore surmised that the cytotoxicity was due to the action of the RFR on the effector cells.
They also found that the percentage of cytotoxicity inhibition diminished with elapsed time after
exposure.

Those authors also performed similar cytotoxicity assays for 450-MHz RFR modulated at 0
(unmodulated), 3, 16, 40, 80, and 100 Hz, and compared the results with those at 60 Hz.
Cytotoxicity inhibition was negligible with unmodulated RFR, maximal with 60 Hz, and
significant (but smaller) with 80 and 100 Hz.

Sultan et al. (1983a) studied the effects of combinations of RFR with hyperthermia on the
antigen-antibody activity of B-lymphocytes. Suspensions of normal mouse B-lymphocytes were
exposed to 2.45-GHz RFR at levels in the range 5-100 mW/cm?2 (2.25-45 W/kg) at temperatures
in the range 37-42.5°C. Suspensions at each temperature were sham-exposed as controls.
Antigen-antibody activity was seen in more than 90% of cells exposed to RFR and heat-treated at
37°C, but in less than 60% of cells treated at 41°C, and in less than 5% of those treated at
42.5°C. The authors concluded that the mechanisms responsible for inhibition of such activity
are thermal in origin, with no apparent effects of 2.45-GHz RFR if exposed and control samples
were held at the same temperature.

Sultan et al. (1983b) reported similar results with cell suspensions exposed to 147-MHz
RFR amplitude-modulated at 9, 16, or 60 Hz at levels in the range 0.1-48 mW/cm2 (0.004-2.0
W/kg). Again, activity inhibition increased with temperature, and no significant differences were
found between exposed and control specimens held at the same temperature.

Cleary et al. (1985) exposed rabbit neutrophils (another type of leukocyte) to 100-MHz CW
RFR for 30 or 60 min at field strengths ranging from 250 to 410 V/m (120 to 341 W/kg), or for
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60 min to 100-MHz RFR amplitude-modulated at 20 Hz (331 W/kg), within a temperature-
controlled coaxial exposure chamber. For controls, they sham-exposed other samples and kept
still others outside the exposure chamber at the same temperature as the sham-exposed samples.
Results showed that the viability and phagocytotic ability of the neutrophils were not affected by
such RFR exposures (i.c., no significant differences were found among the groups for each
exposure regimen). However, these negative findings are questionable because of the relatively
large variabilities among the two control groups in each case, an indication of the possible
presence of uncontrolled non-RFR factors.

Kiel et al. (1986) sought effects of RFR on the nonphosphorylating oxidative metabolism of
human peripheral mononuclear leukocytes (mostly lymphocytes). They noted that production of
active oxygen metabolites is accompanied by generation of chemiluminescence (CL), and that
CL can be enhanced by the addition of luminol and used as a sensitive detector of such effects.

Samples of peripheral blood from human volunteers were collected, and the leukocytes were
separated, washed, and resuspended. Pairs of 1-ml aliquots within nitrocellulose tubes were used.
In the RFR-exposure experiments, one aliquot of each pair was exposed for 30 min to 2.45-GHz
CW RFR at 104 W/kg with the sample held at 37°C, and the other was held at 37°C in an
incubator. Pairs of aliquots were used similarly for sham-exposure. RFR exposures were done for
samples from 9 volunteers, and sham exposures from 6 volunteers.

Following treatment, half of each sample was used for measuring CL activity, and the other
half for determining cell counts and viability. After the addition of luminol at time t = 0, CL was
monitored at 10-s intervals from t = 40 to t = 180 s and the sum of those values divided by the
cell concentration was taken as the total CL for each sample. The results were normalized in
terms of a stimulation index (SI) for each treatment, defined as the ratio of the difference
between treatment and paired control samples in total CL to the total CL in the control.

The authors noted that the CL variability among the 15 donors was large, but that
nevertheless, the CLs for both the RFR- and sham-exposed samples significantly exceeded those
of their respective incubator-held controls. The mean SIs for the RFR- and sham-exposed
samples were 1.58% 1.38 (SD) and 1.86 + 1.01, respectively. However, the difference in mean
CL between the RFR- and sham-exposed samples was not significant. The authors ascribed the
differences between treated and incubated samples to the slow rate of heating in the incubator; a
rise from 22° to 36°C in the incubator took 39 min.

B.3.5.1.2 Erythrocyte Studies

In various studies of RFR interactions with in vitro samples of red blood cells (RBCs) taken
from animals or humans alterations were sought in cell membrane function, and particularly
effects on the movement of sodium ions (Na*) and potassium ions (K+) across the membrane.

In early Eastern European studies, the authors reported increased hemolysis (cell
breakdown) and efflux of K+ from rabbit RBCs exposed to 1-GHz or 3-GHz RFR at levels as
.. low as 1| mW/cm?2. In a later U.S. study, Peterson et al. (1979) heated suspensions of rabbit RBCs
conventionally or with 2.45-GHz RFR at 10-140 mW/cm?2 (46-644 W/kg). The suspension
temperatures were monitored continuously, and each suspension was assayed for the loss of
hemoglobin (Hb) and K+ after either treatment. Higher losses of Hb or K* were observed for
RFR-exposed suspensions than for conventionally heated suspensions. However, in all
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experiments in which RFR-heated and conventionally heated erythrocytes were warmed at the
same rate to the same final temperature, both Hb and K* were lost in equal amounts, indicating
that the effect was thermal.

Those U.S. authors also heated samples of human RBCs to 37°C by exposing them to 2.45-
GHz RFR at 90 mW/cm2 (412 W/kg) for 8 min and then maintained them there for 37 min by
exposure at 30 mW/cm?2 (137 W/kg). Unlike the results for rabbit RBCs, no significant
differences among the groups were obtained in either hemolysis or K* release. Such absence of
hemolysis and K* release for human RBCs can be taken as an indication that RFR-induced
changes in rabbit blood may not be reflected in similar effects with human blood.

Brown and Marshall (1986) sought nonthermal effects of RFR on growth and differentiation
of the murine erythroleukemic (MEL) cell line. Because they noted that in response to an inducer
(hexamethylene bisacetamide — HMBA), MEL cells form Hb and exhibit other forms of
erythroid differentiation, they exposed tubes of HMBA-cultured MEL cells for 48 h to 1.18-GHz
RFR at an SAR of 18.5, 36.3, or 69.2 W/kg; incubation temperature was held at 37.4°C. Control
cultures were held at the same temperature in a water bath.

The growth of exposed and contro! cultures was compared by measuring the elapsed times
for cells to double in number; cell differentiation was compared by counting the percentages of
cells stained by a hemoglobin-specific dye and by determining the amounts of hemoglobin
produced. The results showed no significant differences in any of the three endpoints among the
cultures exposed at each RFR level and their corresponding control cultures. Moreover, the mean
values for each endpoint did not vary significantly with RFR level.

B.3.5.2  InVivo Studies: Effects of Exposures on Inmunological Parameters

Studies of immunological effects of RFR in vivo can be divided into those in which changes
in specific immunological parameters were sought — the subject of this section — and those in
which effects of RFR on the health of the subjects and their resistance to disease were examined,
a topic discussed in the next section.

Huang et al. (1977) exposed groups of hamsters to 2.45-GHz RFR at levels in the range of
5-45 mW/cm?2 (2.3-20.7 W/kg). Blood samples were drawn 1 h after exposure and cultured with
or without the mitosis stimulant (mitogen) PHA. The cultures not stimulated with PHA exhibited
rises in percentage of transformed cells with increasing RFR level, with the largest changes at 30
mW/cm?2 (13.8 W/kg) followed by gradual return to control values. The cell counts at blood
collection time showed no net lymphocyte increase from other sources such as lymph nodes or
spleen. There were also no significant changes in differential leukocyte counts, thus supporting
the contention that RFR does not cause lymphocytosis.

For PHA-stimulated cultures, the authdks found that the mean value of the mitotic index
(i.e., the percentage of cells in mitosis relative to the total number of lymphocytes) was 3% for
controls but diminished significantly for the groups exposed at 30 and 45 mW/cm?2 (13.8 and
20.7 W/kg). The scatter of values, which was large for the controls, decreased rapidly with
increasing RFR level, tending to further confirm that RFR inhibits mitogen-stimulated mitosis.
Even at 5 mW/cm2 (2.3 W/kg), the scatter was still sizable but smaller than for controls, an
indication of the thermal basis for the effect.
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Huang and Mold (1980) exposed mice to 2.45-GHz RFR at 5-15 mW/cm?2 (3.7-11 Wikg) 30
min/d for 1 to 17 days, after which spleen cells were cultured with or without either a T-
lymphocyte mitogen or a B-lymphocyte mitogen. The radiotracer tritiated thymidine was added
during culturing. After culturing, the cells were assayed for thymidine uptake, a measure of DNA
synthesis during cell proliferation.

Plots of thymidine uptake versus exposure duration showed responses that varied cyclically
with time for cells from both mitogen-stimulated and nonstimulated cultures. However, similar
plots for sham-exposed mice also showed cyclical fluctuations, apparently due to factors other
than RFR. Therefore, whether RFR per se has cell-proliferative effects could not be ascertained
in this study. In another part of the study, exposure at 15 mW/cm2 (11 W/kg) for 5 days (30
min/d) did not diminish the cytotoxic activity of lymphocytes on leukemic cells injected after, or
concurrently with, the last exposure.

Lin et al. (1979) exposed mice to 148-MHz RFR at 0.5 mW/cm2 (0.013 W/kg) for 10 weeks
beginning on postpartum day 4, 5, 6, or 7. Control mice were sham-exposed. The exposed and
control mice were weighed daily during the exposure period, and then weekly up to age 600
days. The mean weights of the two groups at corresponding times did not significantly differ.
Blood was drawn at ages 28 and 70 days (4 and 10 weeks) and at ages 100, 250, 300, 360, and
600 days. No significant differences were found between the RFR and control groups for
hematocrit, hemoglobin, leukocyte counts, erythrocyte counts, or differential blood-cell counts.

Wiktor-Jedrzejczak et al. (1977) exposed mice to 2.45-GHz RFR at 14 W/kg in a single 30-
min session or in three such sessions, one per day, three days apart. Control mice were sham-
exposed. After exposure, the numbers of T-lymphocytes and B-lymphocytes in the spleens of the
two groups were compared. The total T-lymphocyte population was unaffected by either the
single-session or triple-session exposures. However, the single sessions significantly increased
the population of one subclass of B-lymphocytes (complement-receptor-positive, CR*) but not of
another subclass (immunoglobulin-positive, Ig*), whereas the triple-session exposures yielded
increases in both B-cell subclasses.

Next, spleen cells from RFR- and sham-exposed mice were cultured with various T-cell or
B-cell mitogens, and the numbers of cells in lymphoblastic transformation were determined.
Both single and triple exposures resulted in significant increases in blastic transformation of B
cells but nonsignificant effects on T cells.

Last, mice were inoculated with the antigen sheep red blood cells (SRBC) that induces
production of antibodies by B cells if T cells are also present, or with another antigen that does
not require the presence of T cells for antibody production by B cells. The mice were then given
triple-session RFR- or sham-exposures, after which their spleens were assayed for antibody
production. RFR-induced decreases of antibody production in response to both antigens were
observed, but only the difference for SRBC was statistically significant. Taken together, the
results of this study show that thermogenic RFR levels (e.g., 14 W/kg) can have weak
stimulatory effects on splenic B cells but none on T cells.

Sulek et al. (1980) found that the threshold for increases in CR* B cells was about 5 W/kg
for 30-min exposures to 2.45-GHz RFR, yielding an energy-absorption threshold of 10 J/g. They
also found that multiple exposures at levels below the threshold were cumulative if done within 1
h of one another, but not if spaced 24 h apart, even if the sum of the energy-absorption values
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exceeded the threshold. Other authors obtained results indicating that the RFR-induced increases
in CR* B cells depend on genetic factors; other authors could not confirm the RFR-induced CR+*
increases discussed above.

Liburdy (1977) exposed mice for 15 min to 26-MHz RFR at 80 mW/cm?2. This RFR level
produced core-temperature rises of 2-3°C, and was called “thermogenic” by the author. The
corresponding whole-body SAR was 5.6 W/kg, more than tenfold higher than the 0.4-W/kg basis
for the 1982 ANSI standard. For comparison, other mice were heated in an oven at 63°C for the
same period to obtain the same rise in core temperature.

Lymphopenia (decrease in lymphocyte count) and neutrophilia (rise in neutrophil count)
were seen in the RFR-exposed mice, which persisted for about 12 h after exposure. Those effects
could be sustained and the recovery period prolonged by more RFR exposures at 3-h intervals.
By contrast, the oven-heated mice exhibited only slight effects. Injection of corticosteroid as a
positive control yielded a similar time course for lymphopenia and neutrophilia, but it also led to
a decrease in the total lenkocyte population.

The effects above were absent for mice exposed to 26-MHz RFR at 50 mW/cm? or to 5-
MHz RFR at 800 mW/cm?2, called “nonthermogenic” RFR, both of which yiclded a whole-body
SAR of 0.36 W/kg or about 1/16 of the SAR used previously. (This SAR is about the same as the
basis for the 1982 ANSI standard.)

Smialowicz et al. (1981) exposed 16 rats a]most continuously for 69-70 consecutive days to
970-MHz RFR at 2.5 W/kg. Another group of 16 rats was similarly sham-exposed. Blood
samples were taken from 8 rats of each group on day 69, after which their spleens were removed.
The other rats were treated similarly on day 70.

No significant differences were found between RFR- and sham-exposed rats in erythrocyte
count, total or differential leukocyte counts, mean cell volume of erythrocytes, Hb concentration,
or hematocrit. Nor did spleen cells removed from RFR- and sham-exposed rats and cultured with
various mitogens exhibited significant differences in responses. However, blood serum analysis
yielded significantly higher concentrations of triglyceride, albumin, and total protein for the RFR
group. Those higher albumin and protein concentrations were within the normal ranges for this
strain of rat and not consonant with the absence of changes in erythrocyte assays, indicating that
the rats may have been dehydrated.

The authors noted that an SAR of 2.5 W/kg is about half the basal metabolic rate of an adult
rat, and they suggested that the increases in triglyceride level may have been due to thermal
stress induced by RFR exposure. At 970 MHz, there probably were regions within the rat where
local SARs were much higher than 2.5 W/kg, and such higher SARs could have affected the
endocrinologic system.

Smialowicz et al. (1982a) exposed pregnant mice to 2.45-GHz RFR at 28 mW/cm2 (16.5
W/kg) for 100 min daily from gestation day 6 to day 18. At 3 and 6 weeks of age, the pups were
assessed for development of primary immune response to the antigen SRBC, proliferation of
lymphocytes in vitro by stimulation with mitogens, and in vitro activity of natural killer (NK)
cells against lymphoma cells. No consistent significant differences were found between RFR-
and sham-exposed mice in any of the endpoints.
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Smialowicz et al. (1982b) exposed mice to either CW or pulsed 425-MHz RFR at SARs up
to 8.6 W/kg. No differences in mitogen-stimulated responses of lymphocytes or in primary
antibody response to sensitization with SRBC or another antigen (PVP) were observed between
RFR- and sham-exposed mice, or between mice exposed to the CW- or pulse-modulated RFR.

Smialowicz et al. (1983) exposed groups of mice for 1.5 h/d on 9 consecutive days to 2.45-
GHz RFR at several levels. For positive controls, other mice were injected with either
hydrocortisone or saline. Splenic cells were then assayed in vitro for NK-cell activity by their
cytotoxicity against mouse-lymphoma cells. Significant suppression of NK-cell activity was seen
for 30 mW/cm?2 (21 W/kg), but such activity returned to normal within 24 h after the last RFR
exposure. However, this transient effect was not seen at 15 or S mW/cm2 (10.5 or 3.5 W/kg).

NK-cell activity was also assayed in vivo. Suppression of activity was seen in mice exposed
at 30 mW/cm2, but with a return to normal activity several days after the last exposure.
Hydrocortisone injection caused activity suppression of both in virro and in vivo.

Ortner et al. (1981) exposed groups of rats to 2.45-GHz RFR for 8 h at 2 or 10 mW/cm?2
(0.44 or 2.2 W/kg). A sham-exposed group served as controls. Within 5-15 min after treatment,
peritoneal mast cells were extracted from rats of each group, and mitogen-induced histamine
releases therefrom were determined. The results showed no significant differences among the
three groups in percentage of cell viability, percentage of cells, amount of histamine per cell, and
cell diameter.

For groups of rats similarly exposed, the total red and white cell counts were not affected by
8-h exposure at either level, nor were blood-hemoglobin levels or percentages of lymphocytes
and neutrophils relative to those of the sham group. The other types of cells were also unchanged
by the RFR. Serum biochemistry parameters were not affected by either level.

Wong et al. (1985) noted that relatively few studies had been done in the HF band (3-30
MHz), that most such studies showed that thermogenic levels of RFR were necessary for
significant effects of acute exposure, and that possible effects of prolonged exposure to low RFR
levels in that frequency range had not been investigated. To address the last issue, they
conducted two experiments with rats at 20 MHz.

In the first experiment, 200 rats were caged in 40 groups of S rats; 20 of the groups were
exposed to 20-MHz RFR at 1920 mW/cm?2 (about 0.3 W/kg) for 6 h/d, 5 d/wk, and the other 20
groups were sham-exposed as controls. After 8 days of treatment, 6 groups each of exposed and
control rats were euthanized and examined for histopathology. This was also done for 7 groups
cach after 22 days and for the remaining 7 groups each after 39 days.

In the second experiment, 24 rats were divided into exposed and control groups of 12 each,
but each rat was housed separately and all rats were euthanized after 6 weeks. On termination,
blood samples were collected and the routine counts and blood-chemistry assays were
performed. The spleens were excised and weighed, and suspensions of spleen cells were
prepared. Various other tissues were also examined for histopathology.

The first experiment yielded a significantly higher mean RBC count and a significantly
lower mean Hb content for the rats terminated after 39 days of exposure than for the control
group, but the statistical analysis showed that those differences were not RFR-related. In the
second experiment, however, no significant differences were seen in RBC count, Hb, or any of
the blood-chemistry parameters.
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In regard to histopathology, the authors noted that rats examined for quality contro! before
the start of the first experiment were normal, but by day 8, pulmonary congestion and edema,
rhinitis, and peribronchiolar and pulmonary perivascular lymphoid proliferation were evident.
Emphysema and incomplete lung expansion were also present in some rats killed on day 22.
However, no pattern of lesions could be associated with RFR exposure. Focal disseminated
pneumonia was present in 4 exposed and 4 control rats of the first experiment euthanized on day
39, but of the 200 rats used in that experiment, only 1 had any clinical signs of illness. All 24 rats
in the second experiment were histologically normal at the end of the 6-week period of exposure.

B.3.5.3 In Vivo Studies: Effects of Chronic Exposure on Health, Longevity, and
Resistance to Disease

Relatively few investigations have been undertaken to determine whether or not chronic
RFR exposure affects the general health or longevity of animals, or alters the resistance to, or the
severity of, diseases accidentally acquired or purposely given to animals. Representative
examples of such investigations follow.

Prausnitz and Susskind (1962) exposed 200 male mice in groups of 10 for 4.5 min/d, 5 d/wk,
for 59 weeks to 9.3-GHz pulsed RFR at 100 mW/cm? average power density (roughly 45 W/kg).
Exposures of that duration yielded a mean rise in body temperature of 3.3°C. For a test group,
the rise that caused death in 50% of the mice (LDsp) was 6.7°C, attained in 12 min at 100
mW/cm2. Thus, exposure for 4° min at 100 mW/cm?2 was sublethal. Controls were 100 sham-
exposed mice.

Some deaths occurred in both groups during the exposure series and were attributed to a
pneumonia infection introduced accidentally into the colony during the experiment. However,
the death rate was found to be higher in the sham-exposed mice than in the RFR-exposed mice:
On completion of the series, 50% of the control mice and 65% of the RFR-exposed mice were
still alive. The authors ascribed the better survival of the exposed mice to the protective effect of
the daily rise in temperature (“fever”) induced by the RFR. That explanation seems plausible, but
is not proven. Among the results of tissue examination were liver abscesses in some mice, but
because of tissue breakdown (autolysis), the relative incidence in RFR-exposed and control mice
could not be determined.

The authors reported that some mice had developed leukosis [also spelled leucosis], which
they described as a “cancer of the white blood cells,” and that leukosis incidence was higher in
the exposed than the control mice. This effect was real, but the interpretation by the authors was
probably faulty. In dictionaries of medicine and pathology, leukosis is defined as an abnormal
rise in the number of circulating white blood cells, and is not regarded as a form of cancer.
Various factors can give rise to leukosis, including stress, disturbances of the endocrine system,
and infections such as pneumonia. The stated presence of pneumonia in the mouse colony may
have caused the observed liver abscesses.

Roberts and Michaelson (1983) reanalyzed the data of Prausnitz and Susskind (1962) with
appropriate statistical treatment. They found that the results do not support a link between
exposure to RFR and cancer development. They also remarked that the greater longevity of the
RFR-exposed mice could be taken equally plausibly as indicating that the RFR was beneficial.
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Szmigielski et al. (1980) exposed mice to CW or pulsed 2.45-GHz RFR at 5 or 15 mW/cm?2
(2-3 or 6-9 W/kg) 2 h/d for 6 or 12 weeks before injecting the mice with staphylococcal bacteria
at a dose selected to yield a 3-day survival rate of 60% for control mice. For the mice exposed at
5 mW/cm?2 for 6 weeks before injection, the survival rate was 80%. For those exposed at the
same RFR level for 12 weeks, the survival rate was 45%. The differences among the two RFR
groups and the control group were not significant. The survival rates for those exposed at 15
mW/cm?2 for 6 or 12 weeks were only 25% and 5%, respectively.

Liddle et al. (1987) sought effects of exposure to RFR at various ambient temperatures on
the survival of mice given an LDg( dose of another type of Staphylococcus. They injected mice
with that Staphylococcus bacterium and exposed them to 2.45-GHz RFR at 10 mW/cm?2 (6.8
W/kg) for 5 days (4 h/d) at 8 ambient temperatures in the range 19-40°C and 50% relative
humidity. Equal numbers of mice were injected and sham-exposed.

In the temperature range 19-31 °C, the percentages of RFR-exposed mice that survived the
Staphylococcus challenge were significantly higher than for the corresponding sham-exposed
mice. Above 31 °C, the survival values of the RFR-exposed mice dropped sharply, to 0% at
37 °C. Similar results were seen for the sham-exposed mice above 34 °C; survival dropped to 0%
at 40°C. The results also indicated that most of those deaths were due to hyperthermia, and
showed that exposure to RFR may be beneficial to infected animals at low and moderate ambient
temperatures, in consonance with the findings of several other studies.

In the University of Washington study discussed in Section 3.2.3, a group of 100 male rats
was exposed unrestrained to 2.45-GHz RFR at an average power density of about 0.48 mW/cm?2
in individual cylindrical waveguides under controlled-environmental and specific-pathogen-free
conditions. Another group of 100 male rats was similarly sham-exposed. The exposures were
started at age 8 weeks and continued for 25 months. At 13 months, 10 each of the RFR- and
sham-exposed rats were euthanized (the interim kill), as were 10 of the 12 RFR-exposed and 10

of the 11 sham-exposed rats that survived the 25-month regimen.

Suspensions of splenic cells from each group were assayed for populations of T cells and B
cells, complement-receptor-positive (CR*) cells, and plaque-forming cells in response to
immunization with SRBC versus saline. Such suspensions were also stimulated with various
mitogens, and the stimulation index relative to unstimulated cultures was determined.

The results for the interim kill showed significantly higher counts of splenic T- and B-
lymphocytes for the RFR-exposed rats than the sham-exposed rats, indicating that the RFR had
stimulated the lymphoid system. By contrast, however, there were no significant differences in
T- and B-cell populations between the RFR and sham groups of the terminal kill, a possible
indication of the onset of immunosenescence.

The CR* values for the RFR groups of both the interim and terminal kills were lower than
for the sham groups, but the differences were not significant, indicating no differences between
RFR and sham groups in lymphocyte maturation. The percentages of plaque-forming cells for
the SRBC-immunized rats were nonsignificantly higher for the RFR group than the sham group
in the interim kill, but was nonsignificantly lower in the terminal kill.

The mitogen-stimulation results for the RFR group of the interim kill showed higher
responses than the sham group to T-cell mitogens PHA and Con A, but only the difference for
Con A was significant. The RFR group’s responses to the B-cell mitpgens LPS and PPD were
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significantly higher and lower, respectively, than for the sham group. The RFR group also
yielded a significantly higher response to the nonspecific mitogen pokeweed than the sham
group. No mitogen-stimulation results could be obtained for the terminal kill because the
lymphocyte cultures failed to grow and respond to any of the mitogens.

Blood samples drawn periodically from all of the rats were analyzed. The samples were
taken under light anesthesia to avoid stress-induced corticosterone elevation. The first samples
were drawn 4 weeks before the start of the exposure regimen to provide baseline data. The other
samples were taken after 7 weeks of exposure, then at subsequent 6-week intervals during the
first year of exposure, and at 12-week intervals during the second year of exposure. However, the
numbers of rats sampled decreased with time because of the withdrawals and mortality.

The blood samples were assayed for various hematologic parameters and serum chemistry.
Multivariate analyses revealed no overall significant differences between the RFR- and sham-
exposed rats in regard to hematologic parameters. Differences in thyroxine (T4) levels between
the RFR- and sham-exposed rats were nonsignificant, indicating that the RFR had no effect on
the hypothalamic-pituitary-thyroid feedback mechanism. As expected, however, T4 levels of
both groups decreased significantly with age.

Overall, no significant differences were found between the RFR- and sham-exposed rats at
periodic behavioral test sessions. However, as discussed in Section 3.2.3, primary malignant
lesions of several types were found in both groups, with the numbers of rats exhibiting each type
of malignancy similar to those reported in the literature for untreated rats of the same strain, and
the differences in numbers of rats for each specific type of malignancy all statistically
nonsignificant.

Adding the numbers for each malignancy type without regard for age yielded totals of 18
RFR-exposed and 5 sham-exposed rats, a statistically significant difference. However, grouping
the different malignancy types in that manner is not considered valid by most members of the
toxicology community.

Toler et al. (1988) implanted cannulas in the aortas of 200 male white rats. After the rats
recovered, 100 of them were concurrently exposed to 435-MHz pulsed RFR (1-ps pulses at 1000
pps) in a special facility, described by Bonasera et al. (1988). The facility consisted of four
circular parallel-plate waveguides stacked vertically. Each such waveguide radiated horizontally
outward in the TE;o mode (with horizontal polarization). Placed around the periphery of each
waveguide were 25 rats in individual cages that permitted unfettered movement.

Exposures were at 1 mW/cm? average power density for about 22 h/d, 7 d/wk, for 6 months.
Because of rat movements, the whole-body SARs varied with time, ranging from 0.04 to 0.4
W/kg, with a mean of about 0.3 W/kg. An identical stack of waveguides was used for concurrent
sham-exposure of the other 100 rats.

Small samples of blood were drawn cyclically without restraint or anesthesia and assayed
for the stress hormones ACTH, corticosterone, prolactin in the plasma, for plasma
catecholamines, and for hematologic parameters, including hematocrit and various blood cell
counts. Also monitored were heart rates and arterial blood pressure. The results showed no
significant RFR-induced differences between groups in any of those endpoints.
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B.3.6 Physiology and Biochemistry

The literature on physiological and biochemical effects associated with exposure to RFR is
extensive. Many of the reported effects were associated with other events (e.g., changes in
hormonal levels or stress adaptation), some are questionable for various reasons, and the medical
significance of others is unclear.

B.3.6.1 Metabolism and Thermoregulation

Several studies have been done in which primates were exposed to RFR in the HF region (3-
30 MHz). Bollinger (1971) exposed rhesus monkeys to 10.5-MHz or 19.3-MHz RFR for
successive intervals at successively higher power densities up to 600 mW/cm? (SARs of about
0.2 and 0.6 W/kg, respectively), or to 26.6-MHz RFR at up to 300 mW/cm? (about 0.6 W/kg).
Deep-body temperatures and EKGs were taken during exposure. No obvious indications of
thermal stress, heart-rate increases, or other influences on the electrical events of the heart cycle
due to the RFR were found.

The author also exposed rhesus monkeys to 10.5- or 26.6-MHz RFR for 1 hour at 200 or 105
mW/cm?2 (0.06 or 0.2 W/kg), or to 19.3-MHz RFR for 14 days (4 h/d) at 115 mW/cm?2 (0.1
W/kg). Hematologic and blood-chemistry analyses were done before and after exposure. There
were no significant differences between exposed and control monkeys for most of the cellular
components of blood. Significant differences in mean counts of monocytes and eosinophils were
seen, but were ascribed 1o conditions unrelated to RFR. The conclusions were similar for the
blood-chemistry parameters. No abnormalities ascribable to exposure were seen in gross
pathological and histopathological examinations.

In another study, Frazer et al. (1976) exposed rhesus monkeys to 26-MHz RFR at 500, 750,
or 1000 mW/cm? (1.0, 1.5, or 2.0 W/kg) for 6 h, during which skin and rectal temperatures were
measured. The results showed that the monkeys were in thermal equilibrium even at the highest
RFR level; they were able to dissipate the additional heat from the RFR, and their
thermoregulatory mechanisms were quite efficient in doing so. The authors noted that exposing a
3.6-kg monkey to 26-MHz RFR at 1000 mW/cm? (2.0 W/kg) is equivalent to exposing a human
1.8 m (about 5 fi 11 in.) tall to the same frequency at 400 mW/cm2,

In a third study, Krupp (1977) exposed rhesus monkeys for 3 h to 15- or 20-MHz RFR at
levels in the range 760-1270 mW/cm? (0.6-1.3 W/kg). Again, the results showed that the
additional heat from the RFR was readily accommodated by their thermoregulatory mechanisms.
Exposure to 20-MHz RFR at 1270 mW/cm? was calculated to be equivalent to human exposure
to 20-MHz at 225 mW/cm?.

Krupp (1978) conducted a follow-up study on 18 rhesus monkeys that had been exposed 1-2
years previously at least twice to 15-, 20-, or 26-MHz RFR for up to 6 h at levels in the range of
500-1270 mW/cm2, No RFR-related variations from normal values of hematologic and
biochemical blood indices or of physical conditions were found.

Ho and Edwards (1979) used oxygen-consumption rate as an indicator of stress in mice.
Mice were exposed to 2.45-GHz RFR in a waveguide system that permitted continuous
monitoring of SAR during exposure. The exposures were for 30 min, during which oxygen-
consumption rates and SARs were determined at 5-min intervals. The oxygen-consumption rates
were converted into specific metabolic rates and expressed in the same units as the SARs (W/kg).
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Oxygen-consumption rates were also measured at 5-min intervals for 30 min before and after
exposure.

At the highest input power, the mean SAR decreased from 56 to 39 W/kg during 30 min of
exposure, and the mean specific metabolic rate decreased from 17.5 to 14 W/kg, thereby
decreasing the total thermal burden from 74 to 54 W/kg. Apparently the mice sought to diminish
their thermal burdens by altering their body configurations during exposure to minimize the
RFR-absorption rates; they also reduced their oxygen consumption. Smaller changes were seen
at SARs of 23.6 W/kg and 10.4 W/kg, and insignificant changes at 5.5 and 1.6 W/kg. The
specific metabolic rate decreases for SARs of 10.4 W/kg and higher were ascribed to thermal
stress, and the onset level was about the same as the basal metabolic rate of the mouse (9 W/kg).
After exposure stopped, oxygen consumption rates returned to normal.

To study voluntary thermoregulation in the rat, Stern et al. (1979) trained fur-clipped rats in
a cold chamber to press a lever that turned on an infrared lamp. When the rats were exposed to
2.45-GHz RFR for 15-min periods, the rate at which they turned on the lamp decreased as a
function of the RFR level, which ranged from 5 to 20 mW/cm? (1-4 W/kg). The rats responded
to maintain a nearly constant thermal state. In the absence of the RFR, the lamp was the sole heat
source. With the RFR present, the rats compensated by reducing their response rate, thereby
lowering the IR heat contribution. Thus, voluntary thermoregulation is an indicator of the
additional thermal burden of RFR.

Adair and Adams (1980) trained three squirrel monkeys to regulate their environmental
temperature (T,) behaviorally by adjusting the flows of air at various temperatures into an
exposure chamber. The monkeys were then exposed to 2.45-GHz RFR for 10-min periods at
levels in the range 1-22 mW/cm2 (0.15-3.3 W/kg). They were also sham-RFR-exposed and
exposed to infrared radiation (IR) of equivalent power densities. At an RFR level of about 7
mW/cm? and higher, all were stimulated to select a lower T,. This RFR level represents a whole-
body-SAR threshold of 1.1 W/kg or 20% of the resting metabolic rate of the squirrel monkey.
The thermoregulatory behavior was highly efficient, and the skin and rectal temperatures
remained stable, even at 22 mW/cm?2 (3.3 W/kg), where the preferred T, was lower by as much
as 4°C. Comparable reductions in the T, selected did not occur for exposure to IR.

Bruce-Wolfe and Adair (1985) investigated the ability of squirre] monkeys to vary the level
of 2.45-GHz RFR as a source of thermalizing energy. First, they trained four monkeys to regulate
the temperature of the air in the exposure chamber, Ty, by selecting air streams at 10° and 50°C
successively (i.e., temperatures below and above the thermoneutral level of about 30°C). The
resulting mean Ty, was about 35°C.

After stable performance was achieved, the 50°C air source was replaced with 2.45-GHz
RFR at 20 mW/cm2 (3 W/kg) and thermoneutral 30°C air. Thus, only the RFR and air source
were activated whenever the monkeys demanded heat, and only the 10°C air source was
activated when cooling was demanded. Sessions with RFR at 25 and 30 mW/cm?2 (3.75 or 4.5
W/kg) were also conducted. The results indicated that the monkeys were readily able to use the
thermal energy from the RFR for thermoregulation instead of the 50°C air source, and were
thereby able to maintain normal rectal temperature.

Adair et al. (1985) examined the effects of long-term RFR-exposure on behavioral and
physiological thermoregulation in the squirrel monkey. The exposures were for 15 weeks, 40
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h/wk, to 2.45-GHz CW RFR at 1 or § mW/cm? (0.16 or 0.8 W/kg) at environmental
temperatures of 25°, 30°, or 35°C. Fourteen monkeys were trained to select a preferred Ty, and
were treated concurrently in fours, one pair each for RFR- and sham-exposure. The pairs used for
sham-exposure in a given experiment were RFR-exposed in the next experiment, with 2-3
months between experiments for the dissipation of any residual effects.

Physiologic changes related to thermoregulation were determined periodically before,
during, and after such treatment, including body mass, blood properties, skin temperatures,
oxygen consumption, colonic temperature, and foot sweating. Each monkey was also trained to
select its preferred environmental temperature Ty as in the study above, and their corresponding
colonic temperatures and mean skin temperatures were measured.

The results for environmental temperature 25°C or 30°C showed no change in preferred T,
during exposure at 1 mW/cm2 (0.16 W/kg). At 35°C and 1 mW/cm?2 or at all three environmental
temperatures and 5 mW/cm?2 (0.8 W/kg), however, the monkeys selected cooler environments
(Tas 1° to 3°C lower). Sweating was higher at 35°C, but was not enhanced by exposure to the
RFR at either level. Colonic temperature was not affected, but skin temperature varied with
environmental temperature and RFR exposure in an unpredictable way.

" Mean body mass during sham-exposure, with proper consideration of seasonal variations,
increased at 25° and 30°C, and decreased slightly at 35°C. Decreases in body mass at all three
temperatures were found for exposure at S mW/cm? (0.8 W/kg). However, the authors could not
ascribe those decreases to reductions in food intake, because precise measurements of the food
and water intake by the monkeys were not possible. No significant changes in blood indices or in
other physiological characteristics due to the RFR were found.

Lotz (1985) exposed 5 rhesus monkeys to 225-MHz RFR in the E-orientation (near whole-
body resonance) at levels in the range 1.2-15.0 mW/cm2 (0.8-10.2 W/kg) in an anechoic chamber
in 4-hour day and night sessions. The monkeys were also exposed in the H-orientation at 5
mW/cm?2 (1.2 W/kg), and to 1.29-GHz RFR (a frequency well above resonance) at 20, 28, and 38
mW/cm2 (2.9, 4.0, and 5.4 W/kg). Rectal temperatures were monitored continuously during
every session, and blood samples for cortisol analysis were taken hourly during the 225-MHz E-
orientation sessions. The criterion for tolerance of RFR was defined as a rectal temperature not
exceeding 41.5°C.

Average rectal-temperature increases for exposures to 225-MHz RFR in the E-orientation at
2.5 and 5.0 mW/cm2 (1.7 and 3.4 W/kg) were 0.4 and 1.7°C, but the monkeys could not tolerate
exposure without rectal temperature exceeding the prescribed maximum to 225-MHz RFR in the
E-orientation at 7.5 mW/cm2 (5.1 W/kg) or higher for more than 90 minutes. No changes were
observed in circulating cortisol levels for exposures at 5 mW/cm2 (3.4 W/kg) or less. The
exposures to 225-MHz RFR at 5 mW/cm?2 in the E-orientation (3.4 W/kg) and the H-orientation
(1.2 W/kg) produced mean rectal-temperature increases of 2.1 and 0.2°C, respectively. The mean
rectal-temperature rises for exposures to 1.29-GHz RFR at 20, 28, and 38 mW/cm2 (2.9, 4.0, and
5.4 W/kg) were 0.4, 0.7, and 1.3°C. These results confirmed that RFR exposure near resonance is
most effective for producing hyperthermia.

Lotz and Saxton (1987) studied the vasomotor and metabolic responses of five rhesus
monkeys exposed to 225-MHz CW RFR with body axis parallel to the electric component (E-
orientation). Two protocols were used. The first protocol was designed to determine the
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threshold for the onset of vasomotor responses: after the monkeys equilibrated for 120 min, each
was given repetitive 10-min exposures at successively higher power densities until a marked
vasomotor response was evidenced by a rapid change in the temperature of the tail skin. After
each 10-min exposure, the monkey was allowed to reequilibrate to within 0.3°C of its
preexposure value.

RFR levels in the range 1.2-12.5 mW/cm?2 (0.3-3.6 W/kg) were used. The time interval
needed for reequilibration varied from about 10 to 60 min, depending on the RFR level. Each
monkey was used in 4 such experiments, 2 each at 20° and 26°C.

Results for the first protocol showed that metabolic response occurred before tail
vasodilation was manifested (i.e., at a lower RFR level). At 20°C, metabolic heat production was
not altered at 1.2 mW/cm2 (0.3 W/kg) but declined with increasing RFR level. At 26°C, the rate
of metabolic heat production before exposure was 28% below that at 20°C, and was not altered
by the 10-min exposures. Analysis of the data indicated that the lowest RFR level that reliably
altered metabolic heat production during such 10-min exposures was in the range 5-7.5 mW/cm?
(1.4-2.1 W/kg).

In the second protocol, thermoregulatory adjustments in the steady state during exposure
were evaluated. The monkeys were equilibrated for 120 min at 20°C and then given single 120-
min exposures at levels in the range 0-10 mW/cm?2 (0-2.9 W/kg). Data were collected for 10-60
min after exposure. The monkeys were also similarly treated at 26°C, but at levels in the range 0-
7.5 mW/cm2 (0-2.1 W/kg).

During the last 30 min of preexposure, the mean metabolic heat production was 2.26 W/kg
at 26 °C and 3.13 W/kg at 20 °C; it declined sharply during RFR exposure at 20 °C and remained
essentially unchanged during RFR exposure at 26 °C. Also evident was progressive recruitment
of metabolic and vasomotor responses at 20 °C. At both ambient temperatures, the mean colonic
temperature during the last 30 min of RFR exposure was higher than for the last 30 min of sham
exposure, even at 2.5 mW/cm?2 (0.7 W/kg), which was below threshold for thermoregulatory
effector action. This result indicated that the thermoregulatory responses could not fully
compensate for the heat generated by the RFR even in the cooler environment.

In summary, the thermal basis for various effects of RFR on the autonomic
thermoregulatory systems of mammals and on their behavioral thermoregulatory responses to
RFR is evident. Especially noteworthy are the results for primates because of their far greater
similarities to humans than the other animals studied.

B.3.6.2 Endocrinology

Exposure of mammals to RFR has yielded rather inconsistent effects on the endocrine
system. In general, effects are apparently related either to the heat load associated with RFR or to
the stress induced by RFR, and possibly to other circumstances.

Caimie et al. (1980) sham-exposed or exposed unanesthetized mice for 16 h to 2.45-GHz
RFR at 50 mW/cm2 (60 W/kg), after which they were euthanized. Their rectal and testis
temperatures versus time after exposure cessation were measured, and the resulting cooling
curves were used to determine the temperatures at exposure end. The mean rectal temperature for
the RFR group was significantly higher than for the sham group, but the mean testis temperatures
of the two groups did not differ significantly, indicating that the thermoregulatory system of the
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testes was able to compensate fully for the increased thermal burden from RFR at close to lethal
level.

The authors also conducted experiments in which arrays of conscious mice were exposed for
various durations to 2.45-GHz RFR at levels in the range 21-37 mW/cm?, after which testicular
cells were examined for damage, and abnormal sperm were counted. The corresponding ranges
of whole-body and testicular SARs were 25.3-44.5 W/kg and 8.4-14.8 W/kg, respectively. The
results showed no significant differences between RFR- and sham-exposed mice in mean
percentages of damaged testicular cells, sperm counts, or percentages of abnormal sperm.

Lebovitz and Johnson (1983) sham-exposed or exposed unanesthetized male rats to 1.3-GHz
RFR for 9 days (6 h/d) during a 2-week period. The whole-body SAR was 6.3 W/kg, which
produced a mean rise in core temperature of 1.5°C. After treatment completion, groups of rats
were weighed and decapitated at intervals corresponding to °, 1, 2, and 4 cycles of
spermatogenesis. Spermatids resistant to homogenization were counted in the right testis, and
daily sperm production was calculated. The left testis was processed for examination by light
Mmicroscopy.

RFR-exposed rats yielded 87.6% normal sperm after a half-cycle of spermatogenesis versus
95.8% for sham-exposed rats. The difference was significant, but most of the abnormal sperm in
the RFR group were from 1 rat with 45.5% abnormal sperm, which rendered the finding suspect.
There was no significant difference in the weight of seminal vesicles between RFR- and sham-
exposed rats, indicating that exposure at 6.3 W/kg was not deleterious to the production of
testosterone. This finding was supported by histological evaluations by light microscopy.

Lebovitz and Johnson (1987) subsequently exposed 16 male rats once for 8 h unrestrained in
individual cylindrical waveguides to 1.3-GHz CW RFR at 9 W/kg, a level selected to yield a
core-temperature rise of 4.5°C and stated to be lethal for chronic exposure. Sixteen other rats
were sham-exposed. Subgroups at *, 1, 2, and 4 cycles of spermatogenesis after reatment were
analyzed for testis mass and daily sperm production as in the previous study. Also, trunk blood
was assayed for follicle-stimulating hormone and leutinizing hormone.

No significant differences were found between the RFR- and sham-exposed rats in any of
the endpoints, except for a decline in epididymal sperm count 26 days (2 cycles of
spermatogenesis) after RFR exposure. However, the authors remarked that, in view of the
negative results in the many other endpoints examined, the single positive result is highly
questionable. They also noted that a differential sensitivity of germ cells at this stage of
maturation had been reported for conventional heating of the testes.

In the first of several studies, Lotz and Michaelson (1978) first “gentled” rats for 2 weeks
before exposure by weighing and handling them at least 4 times a week, and behaviorally
equilibrating each rat by taking its colonic temperature and putting it into an exposure cage for 3-
5 h for several days before use. Adrenal-axis activity during equilibration was determined by
placing groups of rats in the exposure chamber for 30, 60, 90, 120, 150, or 180 min, measuring
colonic temperature before and after each interval, and assaying the blood for corticosterone (CS)
level. The results showed rapid rise of colonic temperature and CS level during the first 30 min
to an approximate plateau, followed by return to baseline values by the end of 180 min, thus
demonstrating the need for such equilibration prior to exposure.
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The authors then exposed groups of unanesthetized gentled rats to 2.45-GHz RFR for 30, 60,
or 120 min at levels up to 60 mW/cm (9.6 W/kg), and measured colonic temperatures and CS
levels after exposure. A plot of mean postexposure colonic temperature versus exposure duration
showed a small but significant rise after 30 min at 13 mW/cm? (2.1 W/kg); exposures for 30 min
at higher levels yielded mean temperature rises approximately proportional to RFR level. The
mean CS level rose nonsignificantly for durations up to 120 min at 13 mW/cm? (2.1 W/kg), up to
60 min at 20 mW/cm?2 (3.2 W/kg), and 30 min at 30 mW/cm?2 (4.8 W/kg). All other CS rises
were significant and highly correlated with rises in colonic temperature. The estimated threshold
values for adrenal-axis stimulation were 30-50 mW/cm?2 (4.8-8.0 W/kg) for 60-min exposures
and 15-20 (2.4-3.2 W/kg) mW/cm? for 120-min exposures. The latter range is somewhat less
than half the rat’s resting metabolic rate.

Lu et al. (1985), noting inconsistencies in the findings of various investigators, described
their studies with male Long-Evans rats from two suppliers, Blue-Spruce (BS) and Charles River
(CR). Before treatment, the rats were acclimated and gentled, which included observation for 4
to 11 days, 2 weeks of handling, and 3 to 5 days of simulated exposure.

Treatment consisted of concurrently exposing groups of 4 rats each in individual cages were
from above to 2.45-GHz RFR (or sham exposure) in an anechoic chamber. The minimum
separation between rats was 18 cm. The normalized SAR was 0.19 W/kg per mW/cm2, The
seven protocols below were used, with each group of rats equilibrated for 3 h before the start of
treatment.

1. Single exposures of one group each of BS rats only, for 1 h at 0 (sham), 1, §,
10, 20, 40, 50, 60, or 70 mW/cm?2

2. Single 2-h exposures of BS rats at 0, 5, 10, or 20 mW/cm?2, and of CR rats at
25, 30, or 40 mW/cm?

3. Single 4-h exposures of BS rats at 0, 1, 5, 10, or 20 mW/cm?2, and of CR rats
at0,0.1, 1, 10, 25, or 40 mW/cm?2

4. Single 8-h exposures of BS rats only, at 0, 1, 5, 10, or 20 mW/cm?

5. Single 4-h exposures of CR rats only, at 0, 0.1, 1, 10, 25, or 40 mW/cm?2,
followed by sham exposure for 7 h starting 17 h after RFR exposure, with
endpoints measured at the end of sham exposure (24 h after RFR-exposure
completion)

6. Three consecutive daily 4-h exposures of CR rats only, at 0, 1, 10, 20, 30, 40,
or 55 mW/cm?

7. Ten consecutive daily 4-h exposures of CR rats only, 5 days a week, for 2
weeks at 1, 10, 20, 25, 30, or 40 mW/cm?2.

The rats were decapitated immediately after. treatment, and their blood was assayed for
serum T4 concentration. Results for the 1-h exposures showed no apparent dose dependence:
significantly higher T4 levels were obtained for rats exposed at 40 or 70 mW/cm?2, but not at 50
or 60 mW/cm?2 or at 20 mW/cm?2 or lower. For the 2-h exposures, the T4 levels for both BS and
CR rats were higher at 25, 30, or 40 mW/cm? but were not significantly affected at 20 mW/cm?
or lower. However, because the authors found that the normal T4 concentrations for CR rats were
higher than for BS rats, those and the later results were reevaluated by separately comparing T4
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levels for the RFR-exposed rats from each supplier with sham-exposed rats from the same
supplier. When that was done for the 2-h exposures, no significant RFR-induced changes were
found in T4 concentration.

For the 4-h exposures, only results for BS rats were displayed. Their T4 levels, when
compared with those for sham-exposure, were significantly higher at 1 mW/cm?2, not
significantly changed at 5 or 10 mW/cm2, and significantly lower at 20 mW/cm?2. For the
remaining protocols, there were no significant RFR-induced alterations of Ty level, except for
CR rats given the 3 consecutive daily 4-h exposures at 40 mW/cm2, for which the T4 level was
significantly lower than for shams.

Because of their protocol design, the authors believed that they had avoided nonspecific
reactions to stressful stimuli, but not those from repeated sham-exposures. However, they
remarked:

From the viewpoint of environmental health, changes in serum thyroxine

cannot be used as an indicator of a past history of microwave exposure due to
its limited magnitude of response and its sensitivity to extraneous factors.

Lu et al. (1986) assessed the influence of confounding factors in studies of effects of RFR on
the adrenal cortex. After acclimation and genting, groups of rats were subjected to 10 protocols
involving single or multiple 2-h or 4-h exposures to 2.45-GHz RFR at levels in the range 0.1-55
mW/cm< (0.02-11 W/kg) and sham exposures. Their protocols included: (1) concentrations of
CS in urine and its excretion rates, measurements of colonic temperature, and inhalation of ether
to determine responsiveness of the hypothalamic-hypophysial-adrenocortical axis to an intensive
stimulant; (2) injection of ethanol to lower the preexposure body temperature and limit the heat-
dissipation ability of the rat; and (3) hair removal to increase heat dissipation during RFR
exposure.

Rises in colonic temperature and CS concentration were found to be dependent on RFR
level with distinct thresholds, but showed acclimation (diminution of effect with repetition). For
repetitive 4-h exposures, the threshold for colonic-temperature rise was 10 mW/cm2 (2 W/kg) at
the first exposure, 30 mW/cm?2 (6 W/kg) at the third exposure, and 25 mW/cm?2 (5 W/kg) at the
tenth exposure. The thresholds for the change of the CS concentration was 40 mW/cm?2 (8 W/kg)
at the first exposure and 55 mW/cm? (11 W/kg) at the third exposure, however, rats exposed 10
times at levels up to 40 mW/cm?2 (8 W/kg) showed no changes. The changes observed were no
longer present 24 h after exposure. For the sham exposures, baseline colonic temperature was
higher after the tenth than the first reatment, but the CS concentration did not change.

Injection of ethanol lowered the baseline colonic temperature and raised the CS
concentration — effects not observed for saline-injected controls. Exposures for 2 h at 1 or 10
mW/cm? following ethanol injection yielded lower colonic temperatures than for similar
exposures after saline injection, but were higher for ethanol-injected rats exposed at 40 or 50
mW/cm2, Interaction of ethanol and RFR at 10 and 20 mW/cm? also yielded higher CS
concentrations than in saline-injected rats. A single exposure at 50 mW/cm? was lethal in 2 rats
given ethanol.

Hair removal did not affect baseline colonic temperatures and CS concentrations
significantly, but it decreased RFR-induced hyperthermia and CS stimulation.

B-83



The authors concluded that the adrenal response of the rat to RFR is quantifiable with
respect to RFR level or colonic temperature, with no response to RFR in the absence of a rise in
colonic temperature. They indicated that adrenal stimulation minimally required an RFR level of
20 mW/cm? (4 W/kg) or a 0.7°C increase in colonic temperature. They also remarked that RFR
at less than 4 W/kg in ambient temperatures well above 24°C may induce hyperthermic
stimulation of adrenal secretion.

Lotz and Podgorski (1982) implanted a catheter in the jugular vein of 6 rhesus monkeys for
monitoring levels of cortisol, thyroxine (T4), and growth hormone (GH). They collected blood
samples from each monkey hourly for 24 h and measured colonic temperature with an indwelling
probe. At the same clock time during the 24-h period, each monkey was exposed for 8 h to 1.29-
GHz RFR at 20, 28, or 38 mW/cm?2 (2.1, 3.0, or 4.1 W/kg). The authors noted that the resting
metabolic rate (RMR) of a rhesus monkey is 2.4 W/kg. Three sessions at each level were
alternated with sham-exposure sessions at intervals of 10-14 days for recovery.

Hematocrit and Hb, monitored before and after each session, showed no significant decline.
Samples of plasma from the blood were assayed for cortisol, T4, and GH. The data collected for
the same clock periods of the three sessions at each RFR level were averaged to yield a 24-h
temporal series of mean values for each condition.

For the sham-exposure sessions, the mean rectal temperature showed a slight 24-h
penodicity, with minimum values during the times when the chamber lights were off. It rose
within 2 h after the beginning of RFR exposure to plateaus that were dependent on RFR level,
but returned to the control profile within 2 h after exposure end.

For sessions at 20 and 28 mW/cm2, the mean plasma-cortisol levels did not differ
significantly from those for sham-exposure sessions, but rose significantly above control level
during sessions at 38 mW/cm2. The levels then diminished to control values, indicating that the
effect was transient. The authors suggested that a threshold existed between 28 and 38 mW/cm?2
(3.0 and 4.1 W/kg), that the rises were associated with rectal-temperature elevations of about
1.7 °C, and that the results support the hypothesis that adrenocortical effects of RFR are
thermally induced. For all RFR levels, no significant differences in mean GH or T4 levels were
seen at corresponding times during RFR and sham sessions.

In summary, although some effects of RFR exposure on the endocrine system appear to be
straightforward and predictable from physiological considerations, other, more subtle effects may
be worthy of additional study, such as those related to the interactions among the pituitary,
adrenal, thyroid, and hypothalamus glands, and/or their secretions. Part of the problem in
interpreting such results appears to be related to the uncertainties about stress mechanisms and
various accommodations to such mechanisms. Animals placed in novel situations are much more
prone to exhibit stress responses than those adapted to experimental situations.

Because the effects of RFR on the endocrine systems of animals are largely ascribable to
increased thermal burdens, to stresses engendered by the experimental situation, or to both, there
is no clear evidence that such effects would occur in humans exposed to RFR at levels that do
not produce significant increases in body temperature.



B.3.6.3 Cardiovascular Effects

Few investigations have been carried out on possible effects of RFR on the human heart.
However, various studies have been performed in vitro on hearts (or parts thereof) excised from
animals, and others have been conducted on animal hearts in vivo.

B.3.6.3.1 In Vitro Studies

Frey and Seifert (1968) exposed 22 excised beating frog hearts to 10-us pulses of 1.425-
GHz RFR at 60 mW/cm? peak. Because the pulses were triggered at the peak of the P wave of
the electrocardiogram (EKG) and at 100 and at 200 ms after the peak, the average power density
was negligible. The results for zero and 100-ms delays were inconclusive, but a significant
increase in heart rate (tachycardia) was seen for the 200-ms delay.

Clapman and Cain (1975) tried to obtain the results above. They exposed 3 of 14 groups of
frog hearts to the 1.425-GHz pulsed RFR, but each group was triggered at only one of the delays.
Three other groups were exposed with 15-ps instead of 10-ps pulses. The other 8 groups were
exposed to 3-GHz RFR at 5500 mW/cmZ peak, using 10-ps or 2-ps pulses. For one 2-pus group,
the pulses were triggered at the initial rise of the QRS complex of the EKG and another group
was exposed to unsynchronized pulses at 500 pps (5.5 mW/cm? average power density). No
significant differences in heart rate were seen among any of the RFR-exposed groups and a
control group, in contrast with the results of the study above.

Liu et al. (1976) also sought effects similar to those of Frey and Seifert (1968), but obtained
negative results with excised hearts. They also opened the thorax of frogs and exposed the heart
in situ to 100-us pulses of 1.42-GHz or 10-GHz RFR, with negative results.

Galvin et al. (1981b) isolated cardiac muscle cells from the quail heart and exposed them in
suspension to 2.45-GHz RFR at 37°C for 90 min at SARs of 1, 10, 50, or 100 W/kg. After
exposure, samples of the suspensions were examined for integrity of the cells. (Intact cells
exclude trypan blue, a stain.) The remainder of each suspension was centrifuged, and the
supernatant was assayed for the release of the enzymes creatine phosphokinase (CPK) and lactic
acid dehydrogenase (LDH). The residue pellets from the centrifugation were resuspended and
assayed for bound enzyme. Some pellets were examined by electron microscopy.

Cardiac-cell integrity was unaffected by exposure at 1 W/kg, but the suspensions exposed at
10, 50, and 100 W/kg showed successively larger increases in percentages of cells permeable 1o
trypan blue relative to their respective control suspensions. CPK release was unaffected at any
SAR. Release of LDH increased with SAR, but the increases relative to the controls were
statistically nonsignificant, except at 100 W/kg. By electron microscopy, the structural
appearance of heart cells exposed at 1, 10, and 50 W/kg, as well as control cells, appeared
normal. However, cells exposed at 100 W/kg showed increased intracellular changes, but the
intercellular junctions remained intact.

Because Yee et al. (1984) were concerned about possible electrode artifacts, they distributed
102 isolated frog hearts in physiological (Ringer’s) solution into 10 groups, and exposed each
heart to 2.45-GHz RFR at 2 or 8.55 W/kg. Heart rates were recorded for each group with one of
the following: a glass electrode filled with a potassium-chloride solution, an ultrasound probe, a
tension transducer, a glass electrode filled with Ringer’s solution, or a metal wire within the glass
electrode containing Ringer's solution. Faster than normal decreases in hean rate were detected

B-85



only in those groups recorded with the potassium-chloride or metal-wire electrodes; no effect
was found in the other groups. Those results show that electrode-caused field intensification can

induce bradycardia.

Yee et al. (1986) divided 81 frog hearts into 10 groups. After each heart was excised and
immersed in Ringer’s solution to remove blood clots, its arteries were tied to prevent washing
out of neurotransmitters at the nerve endings. Each heart was mounted within a waveguide filled
with Ringer’s solution. One group served as controls, 8 groups were exposed to 2.45-GHz RFR,
and one group was heated by circulation of hot Ringer’s solution through the waveguide. The
beat rate of each heart was monitored for 60 min at 5-min intervals. For the hearts exposed to
RFR, exposure was begun 10 min into the monitoring period and was terminated 30 min later.
The groups were treated as follows:

Group A comprised the controls. The hearts in Group B were exposed individually to 10-ps
pulses at 100 pps in 0.5-s trains of 50 pulses, with each train triggered by the EKG; the average
SAR was 8.55 W/kg during each train. Group C was similarly exposed, but to random 0.5-s
trains not triggered by the EKG. Group D was exposed to EKG-triggered trains, but at 2 W/kg.
Group E was exposed to 10-is pulses, 100 pps, at 8.55 W/kg, but continuously instead of pulse
trains. Group F was also exposed continuously, but at 200 W/kg. Group G was continuously
exposed at 200 W/kg, but was cooled by circulating bathing solution. Hot circulating bathing
solution was used instead of RFR to treat Group H.

The authors noted that Schwartz et al. (1983) had reported a 19% increase in calcium efflux
from isolated frog hearts exposed for 30 min to 16-Hz-modulated, 1-GHz RFR at 0.15-3 W/kg -
an effect not observed for CW RFR or RFR amplitude-modulated at natural heart-beat rates. To
investigate that finding, they exposed Groups I and J to CW and pulsed RFR, both amplitude-
modulated at 16 Hz, at 3 W/kg average SAR.

The mean heart rate of Group A (controls) decreased linearly to about 67% of initial rate at
the end of the 60-min monitoring period. The decrease for Group B was similar, with no
significant differences between the groups at corresponding monitoring times. Similar negative
results were obtained for Groups C, D, and E, relative to Group A. The authors remarked that the
RFR-induced bradycardia observed by other researchers could be ascribed to loss of
neurotransmitters via the open arteries, a problem avoided in their experiments by tying the
arteries.

Exposure of Group F at 200 W/kg yielded heart-temperature increases of 2.5°, 5.5°, and
8 °C respectively at 5, 15, and 30 min of exposure; the mean heart rate decreased sharply to
about 50% of the initial value by 20 min of exposure and decreased further to about 25% at the
end of the monitoring period. Group H, heated by bathing solution to yield a temperature-versus-
time rise similar to that with RFR, showed a linear decrease in heart rate to final values
comparable with those of Group F. By contrast, the differences between Group G, cooled during
exposure at 200 W/kg, and Group A were nonsignificant.

The results for Groups I and J, exposed to 16-Hz-modulated CW and pulsed RFR at 3 W/kg,
were also not significantly different from those of Group A. The authors remarked that, given the
increase in concentration of free Ca** in the cytoplasm of heart cells triggers rapid changes in
heartbeat, the absence of such changes in Groups I and J did not support the findings of Schwartz
et al. (1983).
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Yee et al. (1988) performed a similar study with rat hearts. However, to avoid arrythmia
frequently observed previously in hearts exposed to air at temperatures less than 20 °C, and to
increase the survival time of the excised hearts, the authors used a double circulation system, one
part for coronary circulation of Ringer's solution and the other part for circulating Ringer’s
solution through the waveguide. As in the study of frog hearts, the beat rate of each heart was
monitored for 60 min at 5-min intervals, but exposure was begun 20 min into the monitoring
period and was terminated at 50 min.

In control Group A, the solution flowing through the heart was held at 37.7 °C; the
temperature of the waveguide solution was initially at 19 °C, was increased within 10 min to
37.7 °C, and was held there for the remainder of the experiment. For this group, mean beat rate
increased linearly to a maximum of 70% above initial value at 45 min, and then decreased
sharply to 40% below initial value at 60 min. The hearts of Group B were not exposed 1o RFR
but to air while the Ringer’s solution through the coronary was held at 19 °C. This group
frequently exhibited arrythmia, and its mean beat rate declined to about 20% of initial value.

Group C was exposed to 10-us pulses, 100 pps, of 2.45-GHz RFR amplitude-modulated at
16 Hz, at a mean SAR of 2 W/kg, and otherwise treated the same as Group A. The graphs for
heart rate versus time for Groups C and A were essentially the same, with no significant
differences in heart rates at corresponding times. Group D was treated in the same manner as
Group C, but at 10 W/kg. The heart rates also did not differ significantly at corresponding times,
but were slightly higher than those of Group A for the first 15 min of exposure, results ascribed
to a small increase in heart temperature (<0.2 °C),

Group E was exposed at 200 W/kg; it exhibited a sharp increase in mean heart rate during
the first 10 min of exposure, followed by an abrupt cessation of beating after 20 min of exposure.
The mean heart temperature rose to 41.7 °C during exposure, so no RFR was used for Group F,
but the temperature of the bathing solution was raised to 41.7 °C, to approximate the
temperature-time profile of Group E. The graph of heart rate versus time of Group F was similar
to that of Group E. The authors concluded that exposure to RFR at 2 or 10 W/kg had no specific
influence on the myocardium or its neural components.

B.3.6.3.2 In Vivo Studies

Among the early studies on the live rabbit were two by Presman and Levitina (1963a, b),
one with 2.4-GHz CW RFR at 7-12 mW/cm? and the other with 3-GHz pulsed RFR at 3-5
mW/cm?2 average power density, 4.3-7.1 W/cm? pulse power density. In both studies, the rabbits
were exposed for 20-min periods each in various aspects. During each exposure and for 10 min
before and afterward, the EKGs of the rabbits were recorded with plate electrodes. The rabbits
were sham-exposed once each before and after the series of RFR exposures.

Exposing the entire dorsal surface produced neither tachycardia nor bradycardia during
exposure. However, tachycardia was seen during the first half of the postexposure period,
changing to bradycardia toward the end of that period. By contrast, dorsal exposure of the head
only or of the back only produced significant tachycardia during exposure, with head exposure
yielding the greater effect. The tachycardia rose to maximum values about 5 min postexposure
and then declined to nonsignificant values. Bradycardia was seen during exposure in three
ventral aspects; it persisted to exposure end and was followed by returns toward normal heart
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rates during postexposure. The effect was most pronounced and was manifested earliest for
exposure of only the head.

Other authors tried to repeat that study. The results were negative except for RFR levels that
were clearly hyperthermic.

Phillips et al. (1975) exposed rats to 2.45-GHz RFR for 30 min at 0, 4.5, 6.5, or 11.5 W/kg.
Nonsignificant bradycardia was seen at 4.5 W/kg; mild but significant bradycardia developed
within 20 min at 6.5 W/kg, followed by recovery in 2 h; pronounced bradycardia occurred
abruptly at 11.1 W/kg, after which heart rates rose to values well above those of controls and
persisted at the higher levels to the end of the test period. For most of the rats exposed at 11.5
W/kg, the bradycardia was accompanied by irregular heart rthythms. Incomplete heart block was
evident, but with recovery within 60 min after exposure cessation. The authors surmised that the
heart block was caused by the release of toxic materials, elevated serum potassium, or
myocardial ischemia, all from excessive heat.

Galvin and McRee (1981a) studied the effect of RFR exposure in vivo on the functioning of
the cat heart with and without myocardial ischemia (MI). The MI was produced surgically by
occlusion of a coronary artery. One group of MI hearts was exposed to 2.45-GHz CW RFR at 30
W/kg with an applicator for 5 h, and another MI group was sham-exposed. At this RFR level,
heart temperature of dead cats rose at an initial rate of 0.43 °C per minute, but no increases in
aortic blood temperature occurred in live cats. For comparison, two groups of non-MI hearts
were similarly treated. Before and during the treatment, mean arterial blood pressure, cardiac
output, heart rate, and EKG were measured, and blood samples were assayed for plasma protein
concentration and CPK activity. After the treatment, the hearts were excised and assayed for
tissue CPK activity.

The results for both the MI and non-MI cats showed no significant differences in mean
arterial blood pressure, cardiac output, or heart rate between RFR- and sham-exposed groups,
and no synergy of ischemia and RFR exposure for those cardiovascular indices. The RFR and
sham groups yielded no significant differences in either plasma or tissue CPK activity. Thus,
localized exposure of the undamaged or ischemic heart to the RFR in vivo had no effect on the
myocardium or its neural components — results at variance with those for excised hearts exposed
to RFR.

Galvin and McRee (1986) studied the effects of exposure to 2.45-GHz CW RFR on
conscious rats, including cardiovascular, biochemical, and hematologic indices. Before
treatment, the right femoral artery of each rat was cannulated under anesthesia to permit the
continuous recording of mean arterial blood pressure and the removal of blood samples.
Following surgery, the leg wound was sutured and infiltrated with Lidocaine and the rat was
allowed to recover for 2 h, during which stable heart rate, blood pressure, and colonic
temperature were usually achieved.

No significant differences between RFR- and sham-exposed rats were found in any of the
blood parameters assayed. Initial mean heart rates of the RFR and sham groups did not differ
significantly. However, during the first hour of exposure, the mean heart rate of the RFR group
decreased to about 90% of its initial value, a significant drop, and remained there (with smaller
variations) during the rest of the period.



The occurrence of bradycardia led the authors to study another group of rats. The rats were
exposed to the RFR for 2 h and monitored for 2 h after exposure cessation. Those rats also
exhibited bradycardia after the first hour of exposure, but heart rates returned to preexposure
values during the postexposure period (no data presented). The authors noted that the bradycardia
was small, and they surmised that it was due to reduction of metabolic rate to compensate for the
heat from the RFR.

B.3.7 Behavior

Numerous studies have been conducted on the possible effects of RFR exposure on various
kinds of animal behavior. Representative papers on this topic have been selected and are
discussed in Section 3.7.1. Possible interactive effects of exposure to RFR and drugs on the
behavior and physiologic responses of animals are discussed in Section 3.7.2.

B.3.7.1 RFR Effects on Naturalistic Behavior, Reflex Activity, Learning, and
Performance of Trained Tasks

B.3.7.1.1 Rodents

Justesen and King (1970) trained food-deprived rats to lick a nozzle 40 successive times to
obtain a drop of dextrose-water solution. The authors then exposed the rats within a modified
commercial microwave oven to 2.45-GHz RFR at levels up to 1.5 mW/cm? (4.6 W/kg) in 1-h
sessions consisting of alternating 5-min intervals of RFR and no RFR. The task was rendered
more complex with an audio tone, with “tone-on” or “tone-off” presented at random intervals
during a session as a signal of reward availability.

The mean number of responses by the rats diminished with increasing RFR level, but the
decreases at higher levels were related to cessation of responding rather than lower licking rates,
most likely associated with warming.

In a three-part study, Hunt et al. (1975) exposed rats to 2.45-GHz RFR in a holder within a
modified microwave oven for 30 min. In the first part, each rat was sham-exposed or exposed to
the RFR at 6.3 W/kg, after which it was placed in a chamber in which its exploratory movements
were recorded. The mean activities after both treatments decreased with time, but the values were
generally lower during most of the period after RFR exposure than after sham-exposure and
became comparable for the two treatments toward session end. The RFR-exposed rats were
frequently seen sleeping during the middle parts of sessions.

In the second part, rats were trained to swim a 6-m channel forth and back repeatedly during
a 24-h period, with rests of 20-30 s at each end of the channel. Each rat’s performance versus
time was scored as its median swim speed for each successive block of 20 traverses. After
training, the rats were given a pretreatment test and distributed into RFR and sham groups on the
basis of equal proficiency.

In the first of 3 experiments in this second part, rats were sham-exposed or exposed at 6.3
W/kg for 30 min and tested immediately after treatment to determine if any effects were present.
In the other 2 experiments, the RFR level was 11 W/kg and the rats were tested immediately after
treatment or after a 1-day delay.
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The performance of the 6.3-W/kg group was similar to that of the sham group for about 200
traverses, but was below mean control speed for about the next 100 traverses, after which both
groups again performed comparably. Colonic temperatures measured immediately after treatment
showed that those exposed at 11 W/kg were rendered severely hyperthermic (41 °C or higher),
with partial relief by immersion for those tested right after exposure. At 11 W/kg, the
performance of the group tested immediately after exposure was clearly impaired by the
hyperthermial, despite the partial relief from immersion. However, the 11-W/kg group tested 1
day later showed recovery from the hyperthermia and yielded results similar to those of the 6.3-
W/kg group.

In the third part of the study, water-deprived rats were trained to press a lever in a complex
vigilance-discrimination task to obtain 0.08-ml quantities of saccharin-flavored water. After
stable performance was achieved, each rat was tested on S successive days. On the first day, all
were sham-exposed. In the next 4 days, each group was exposed for one 30-min period each at
6.5 and 11 W/kg and 2 of sham-exposure. Performance was tested for 30 min immediately after
cach treatment, and the results were expressed as percentage errors of omission and commission
versus elapsed time at 5, 15, and 25 min of testing.

For the test sessions following sham-exposures, the mean omission errors were in the 10-
15% range at all 3 times. For the session after exposure at 6.5 W/kg, the mean of omission errors
was 36% at S min, but dropped to the sham-exposure range at 15 and 25 min. After exposure at
11 W/kg, however, the percentages were all much higher than sham-exposure values. No
significant differences were found in the mean commission-error results among treatments.

Monahan and Ho (1976) described experiments to determine whether mice would orient
themselves to minimize absorption of RFR under conditions that did not allow them to escape.
Each mouse was exposed for 15 min in a holder that permitted relatively free movement within a
waveguide system to 2.45-GHz CW RFR at forward powers in the range 0.4-4.8 W in an
ambient temperature held at 24 °C by air flow through the waveguide. The mean SAR and the
percentage of forward power absorbed were measured at 5-min intervals. In a second
experiment, exposures were limited to 10 min, and the absorptions were recorded at 12-s
intervals. The mice could not be watched within the waveguide, but the results of both
experiments showed that they oriented themselves to reduce their percentages of RFR energy
absorbed and SARs when the forward power was about 1.7 W (initial SAR 28 W/kg) or higher
(at 24 °C).

Lin et al. (1977) sham-exposed or exposed food-deprived rats to 918-MHz RFR at 10, 20, or
40 mW/cm? (2.1, 4.2, or 8.4 W/kg) in 30-min sessions. The rat holder was a truncated cone of
rods designed to allow the rat to poke its head through the narrower end and move it freely. A
small upward head movement interrupted a horizontal light beam. The rat was required to
execute 30 such movements rapidly and regularly for a food pellet. A downward movement gave
access to the pellets delivered.

The baseline cumulative responses versus time for three rats showed virtually uniform rates.
One of those rats was exposed for 30 min each at 2.1, 4.2, and 8.4 W/kg on consecutive days,
another was exposed at the same levels on alternate days, and the third was given 30-min
sessions of sham-exposure. No significant performance-rate changes were seen at 2.1 or 4.2
W/kg. At 8.4 W/kg, the first rat’s performance did not change for the first 5 min, at which time
its rate dropped to almost zero; the second rat performed at baseline rate for the first 5 min, at a
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slowly decreasing rate for the next 15 min, and then ceased performing for the remaining 10 min.
Both showed heat stress, including panting, fatigue, and foaming of the mouth.

Another rat was exposed in increments of 3 mW/cm? (0.63 W/kg) up to 32 mW/cm2 (6.7
W/kg), at which level it exhibited similar signs of heat siress. At that level, its response rate
remained at baseline for about the first 13-14 min, diminished slightly during the next 5-6 min,
and then dropped significantly for the rest of the session. The results appear to be straightforward
and indicate the existence of a threshold between 30 and 40 mW/cm?2 (6.3 and 8.4 W/kg) at 918
MHz for that task.

Computerized thermography was used in the study above to determine energy absorption
rates in rat carcasses. An important general finding was the large spatial range of local SARs. As
the authors noted, high values of local SAR (“hot spots™) could occur from exposure to RFR at
seemingly thermally insignificant power densities.

Schrot et. al. (1980) exposed 3 rats 1o pulsed 2.8-GHz RFR at average power densities in the
range 0.25-10 mW/cm? (0.04-1.7 W/kg), and observed their behavior acquisition. The test
apparatus was a standard two-lever rat chamber augmented with a third lever. Each rat was
trained to respond to auditory stimuli with chains of presses on the 3 levers until a predetermined
sequence of 4 presses of the 3 levers was learned. Each rat was required to learn a different four-
member chain of responses during each session. Just before behavior assessment, the rats were
sham-exposed or exposed at one of the RFR levels for 30 min. The sessions were conducted
daily, 5 days a week, and were terminated after 150 reinforcements or 2 h, whichever occurred
first.

Presession exposure at 10 mW/cm?2 (1.7 W/kg) of all 3 resulted in higher error-responding
rates, lower sequence-completion rates, and alteration in the normal acquisition pattern. Similar
effects were seen at 5 mW/cm?2 (0.7 W/kg) but to a lesser extent. Below 5 mW/cm?2, most data
points were within the control range, but a few were outside that range. The significance of the
latter points is uncertain.

Gage and Guyer (1982) wrained rats to perform on a reinforcement schedule in which the
opportunity to obtain a food pellet was presented on the average of once each minute in a
preplanned sequence of intervals without cueing. The rat lost a reinforcement opportunity if it
did not respond before the next opportunity. After training, groups were exposed to 2.45-GHz
RFR for 15.5 h at 8 or 14 mW/cm? (1.6 or 2.8 W/kg) and 22, 26, or 30 °C ambient temperature
without access to food or water. The rats were given water for 10 min after treatment, after which
the test sessions were begun. The response rates at each ambient temperature diminished directly
with increasing RFR level, but the effects of ambient temperature per se were not consistent.

Lebovitz (1981), concurrently sham-exposed and exposed groups of 15 rats to circularly
polarized 1.3-GHz pulsed RFR (1-ps pulses at 600 pps) unrestrained in individual waveguides.
Each waveguide contained a vertical displacement bar (behavioral operandum), a means for
illuminadng the operandum as a cue (visual discriminative stimulus), and means for delivering a
food pellet. The rats faced the RFR source during operant performance.

Before exposure, groups of 46 rats each were initially deprived of food for 2 days and
wrained for 10 days to press the bar for food pellets at increasing fixed-ratio (FR) schedules to
FR-5 (requiring 5 successive lever presses for a pellet). The 30 rats of each group that performed
at the highest and most stable rates were selected and trained on a multiple FR, extinction
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schedule of reinforcement that involved visual discriminative stimuli, in which only the
responses when an operandum was illuminated (SD) were reinforced by pellet delivery. Such
responses were tabulated. Reinforcements were done on an FR schedule that was gradually
increased to FR-25 during several weeks of training. Responses when the operandum was not
illuminated (Sd), which yielded no pellets, were tabulated separately.

Each set of 30 rats that achieved high and steady performance at FR-25 was given a baseline
period of sham exposures and testing, after which half were randomly assigned to the RFR group
and half to the sham group, with the 2 groups matched by baseline FR-25 performance. RFR
exposures and sham exposures were for 3 h daily, 5 days a week. The behavioral sessions were
begun 15 min after exposure start and were terminated 15 min before exposure end, for a 150-
min session duration. The rats were also tested during a 2-week recovery period after the
exposure regimen. Each behavioral session was divided into 6 sequential blocks of 25 min each;
cach block consisted of a 15-min SD interval (with the operandum illuminated) followed by a
10-min Sd interval (operandum illumination extinguished). The response rates of each rat for SD
and Sd during baseline, exposure, and recovery periods were summed weekly by block number,
and the results for the rats in each group were averaged.

One group each was exposed at 1.5, 3.6, and 6.7 W/kg (3.9, 9.2, and 17.2 mW/cm? average;
6.4, 15.4, and 28.7 W/cm2 peak). When the rats were not in their waveguides, they were held in
their home cages with water constantly available. Each rat was given 8 g/d of food irrespective of
its operant performance, and was weighed 3 times per week. All rats maintained satisfactory
growth curves.

Results for 8 weeks of sham exposure and exposure at 1.5 W/kg (3.9 mW/cm?2) showed
stable response rates and no significant SD differences between RFR and sham groups for
corresponding blocks and weeks. Modest declines in rates during sessions (blocks 1-6) were seen
in both groups. The response rates for Sd were more variable than for SD. The decline in Sd rates
during sessions, which was also evident for the baseline and recovery weeks, was sharper than
for SD, but no significant differences were found between the RFR and sham groups.

Groups sham-exposed and exposed for 9 weeks at 3.6 W/kg (9.2 mW/cm2) also showed no
significant differences in SD response rates. Marginally significant changes occurred in the
weekly rates, and the intrasession decline in rate was significant. For the Sd response rates
(which again showed sharp intrasession declines for both groups), analysis revealed an
apparently transient difference between groups: the Sd response rate by the RFR group was
significantly lower than for the sham group only for blocks 2 and 3 of the first exposure week.
The author remarked that similar results were obtained with another group of rats exposed at the
same RFR level.

Results for 6 weeks of exposure at 6.7 W/kg (17.2 mW/cm2) showed no significant
differences between groups in overall SD response rates, but there were significant block-
dependent differences between groups. In particular, the RFR group’s block-6 SD rate was
significantly lower than the sham group’s rate for week 2, and was marginally significantly lower
for weeks 1, 3, and 4. The differences were ascribed to reductions in bar pressings near the end
of behavioral sessions (blocks 4-6) during those weeks. An analysis by rat showed that the
differences between SD rates during the last baseline week and the first exposure week were not
significant, indicating that the decline was gradual rather than immediate.
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At 6.7 W/kg (17.2 mW/cm?2), the Sd rates showed significant intrasession declines for both
groups during the baseline period, with nonsignificant intergroup differences. For unknown
reasons, however, the Sd rates of both groups varied up and down during sessions, rendering it
difficult to interpret the results. The block-6 rates of both groups were already low during the
baseline period, but the RFR group's rate dropped to almost zero during exposures, with only
slight increases seen during the recovery period.

On the basis of the negative results for SD and Sd at 1.5 W/kg and the doubtfully significant
decline in Sd rate at 3.6 W/kg, the author suggested that the latter RFR level could be the
approximate threshold for modifying the rate of operant responding in the absence of visual cues
or food reinforcement.

The author also indicated that 6.7 W/kg is the approximate resting metabolic rate for a 240-g
rat; accordingly, such RFR exposure represented a virtual doubling of the heat dissipation
requirements of the rat. He therefore concluded that thermal factors were probably involved in
the behavioral effects. By his calculation, the energy deposited in the rat during each pulse
exceeded the threshold for the RFR-auditory effect, but he questioned whether the loudness
perceived by the rat would constitute an adequate acoustic cue or how the presence of such a cue
could account for the observation that the major decline in Sd responding was gradual rather than
immediate with the onset of RFR exposure. He indicated that other swudies with CW RFR
yielded essentially the same findings.

As noted, the operant data for each rat consisted of the number of bar presses during each of
the 6 blocks or pairs of cued (SD) and uncued (Sd) response intervals sequentially numbered 1-6
daily. However, the rationale was not clear for summing the responses for correspondingly
numbered blocks to obtain weekly block SD and Sd response totals as the “primary descriptive
variables” for each rat, and why the time-dependent data for the successive blocks during daily
sessions were not described or treated more explicitly, because even the baseline SD and Sd rates
both exhibited intrasession diminutions. Thus, it is difficult to assess the contribution of this
time-dependent non-RFR factor despite the extensive statistical treatment.

Lebovitz (1983) sham-exposed or exposed trained groups of 15 rats each to CW or pulsed
1.3-GHz RFR (1-ps pulses at 600 pps). As in the previous study, the rats were trained to press
the bar for pellets at increasing fixed-ratio schedules to FR-5, and then were trained daily on a
multiple schedule that started with a 15-min interval (called S+ instead of SD) of bar illumination
and pellet availability at FR-25, followed by a 10-min time-out interval (called S- instead of Sd)
of no illumination or pellet availability. Each session consisted again of 6 contiguous pairs of S+
and §- (25-min periods) numbered 1 through 6.

After a week of baseline performance by 2 groups, 1 was exposed to CW RFR at 5.9 W/kg
(15.2 mW/cm?), and the other was sham-exposed for a week. For the baseline week, the S+
results for both groups exhibited a trend toward decreasing response rates of 10% from period 1
to period 6 but no significant differences between the groups. During the week of exposure, both
groups also showed a downward trend in S+ rates, but the RFR group’s decline in response rate
- was significantly faster.

During the baseline week, the S- response rates of this RFR group were initially higher than
for the sham group, but they declined faster between period 4 and period 5; thus the S- rates for
the two groups were comparable for periods 5 and 6. During the week of exposure, the sham
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group exhibited higher rates for periods 1 and 2 than they did for the same periods of the baseline
week, and approximately the same rate of decline. However, the rates of the RFR group for
periods 1-3 dropped sharply to almost zero for periods 4-6.

For exposure to pulsed RFR at 6.7 W/kg (17.2 mW/cm?), response rates during both S+ and
S- were similar to those with CW RFR at 5.9 W/kg (15.2 mW/cm2). (Limitations of equipment
did not permit closer match of SARs.) The author remarked that the results with pulsed RFR at
this level were similar to those obtained in the previous study with pulsed RFR at the same level
and that occurrence of similar changes in S+ rates with CW RFR at a comparable SAR showed
that the effect was not ascribable to the pulsed character of the RFR.

For a group exposed to CW RFR at 3.6 W/kg (9.2 mW/cm?), the S+ rates during the
baseline week were consistently lower than those for the corresponding sham group, but the rates
of decline for periods 1-6 were essentially the same. Similar results were also obtained for the
week of exposure except that the initial (period-1) response rates for both groups were higher
than the initial rates for the baseline week.

The S- rates of the 3.6-W/kg group were consistently higher than those of the sham group
for the baseline week, but with comparable rates of decline, thus yielding no significant
differences between the groups. The S- results for the week of exposure showed that the response
rates of the RFR group were consistently higher than of the sham group; the response rates of
both groups declined for periods 1-6, but the decline was much faster for the RFR group. These
results were again consonant with those of the previous study.

Separate groups of 5 rats each were used to determine rises in core temperature due to RFR
exposure. Each rat was exposed for 1 hour or 3 h and its temperature was measured just before it
was placed in the waveguide and within 10 min after it was removed. Exposures to CW or pulsed
RFR at 3.5 W/kg, the approximate threshold for the behavioral effects above, yielded no
significant differences in rectal-temperature changes compared with rats similarly sham-exposed.
However, exposures at 6.3 W/kg, CW or pulsed, yielded increases of 0.5-1 °C, with no
significant duration-dependent differences.

As was true for the previous study, the engineering aspects were excellent, and the statistical
treatment of the data provided a sound basis for the conclusions reached. Moreover, the
presentation of the data at 5.9 W/kg (CW) by operant days (a format lacking in the previous
paper) provided greater insight into the time-dependent aspects of the results. Especially
noteworthy was that the daily S+ response rates for period 1 were not significantly affected by
the entire week of exposure to RFR and that the declines in those rates occurred progressively in
the subsequent periods of each session. Also more clearly evident were the virtually immediate
sharp declines in S- response rates for all periods at the onset of RFR exposure. In the absence of
light cue and pellet rewards, it is possible that the rats were thoroughly confused by the presence
of the RFR. Another possibility the author suggested was that without such reinforcement, the
rats tried to reorient themselves so as to redistribute the thermal burden added by the RFR.

As indicated by the author, the thermal basis for the behavioral changes is evident, with a
threshold of about 3.5 W/kg irrespective of whether the RFR is CW or pulsed. Also, even though
the pulse width (1 ps) and peak power density (estimated as about 28.7 W/cm?2) were sufficient
to produce the RFR-auditory effect, there was little doubt that perception of the pulses as sound
(if it occurred) was not a factor in the results obtained.
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D’Andrea et al. (1986a) adapted 28 rats to exposure chambers and divided them into two
groups of 14 each. One group was exposed for 7 h/d on 90 consecutive days, totaling 630 h, to
2.45-GHz CW RFR at 0.5 mW/cm? (0.14 W/kg); the other group was sham-exposed. Body
masses and intake of food and water were measured daily. Each rat was tested monthly for its
threshold reactivity to footshock by observing its paw movements in response 1o electric shocks
of varied intensity within a gridded-floor chamber. The differences in body masses, food and
water intake, or threshold footshock reactivities between the groups were not significant.

After the 90 days of treatment, 7 rats of each group were assessed for open-field behavior,
shuttlebox performance, and lever pressing for food pellets on an interresponse time schedule. In
the open-field tests, each rat was placed in the center square of a floor of 20-cm squares, and its
crossings into adjacent squares and its rearings during a 1-min period on each of 3 successive
days were counted. Major changes were seen in both tests over the daily trials, but no significant
differences were ascribable to RFR exposure. The open-field tests 60 days after reatment yielded
similar results.

Shuttlebox performance was tested using a tone and white light as a compound conditional
stimulus (CS) and electric shock as an unconditional stimulus (UCS). Each rat was trained on
trials consisting of presenting the CS for 10 s immediately followed by presentation of the UCS.
By crossing to the other side of the shuttlebox during the 10 s of CS, the rat could prevent
presentation of the UCS, a behavior termed an avoidance response. A crossing during a UCS
presentation was termed an escape response. The latencies for avoidance and escape responses
were recorded. Two days after shurttlebox testing, the rats were deprived of food and trained daily
to press a lever twice for a food pellet, with a specific time interval between the presses. The
training was rendered more difficult until the rats were required 1o do the second press only
berween 12 and 18 s after the first press to obtain a food pellet.

The shuttlebox responses were highly variable: four RFR-exposed rats showed relatively
long escape latencies and poor avoidance, whereas the other three RFR-exposed rats did as well
as those sham-exposed. Overall, the differences were not statistically significant. The shuttlebox
test done 60 days after reatment also showed no significant differences in mean latencies or their
variances. During training in the interresponse-time tests, the RFR group earned fewer pellets
than the sham group, but the differences at corresponding times and overall were nonsignificant.

The results of the study above and of two similar studies in the same laboratory (D' Andrea
et al., 1986b; DeWitt et al., 1987) were not fully consistent and exhibited little if any statistically
significant differences between RFR-exposed and sham-exposed rats. However, they suggested
that the threshold for behavioral responses to 2.45-GHz RFR in rats may be in the range 0.5-2.5
mW/cm? (0.14-0.70 W/kg).

Mitchell et al. (1988) exposed rats from above to 2.45-GHz CW RFR at 10 mW/cm? for 7 h
within an anechoic chamber in individual plastic cages that permitted free movement.
Concurrently, 2 cages were exposed to the RFR and 2 others were sham-exposed in another
anechoic chamber, with 10 replications of the experiment (20 each RFR-exposed and sham-
exposed rats). Calorimetric measurements with rat carcasses yielded a spatial mean whole-body
SAR of 2.7 W/kg, assuming that the rats spent equal times in horizontal orientations parallel and
perpendicular to the electric component of the RFR. For 8 days before treatment, the rats were
adapted to the chambers for 8 h daily. Right after weatment, each rat was tested for vertical and
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horizontal spontaneous locomotor activity, acoustic startle response, and retention of a shock-
motivated passive avoidance task.

The vertical and horizontal locomotor activities of each rat were assessed as photoelectric
detections of light-beam interruptions during S-min intervals of a 30-min test session. Lower
activity was seen in the RFR-exposed rats than the sham-exposed rats, especially during the
second half of test sessions.

In the startle-response test, given at the end of the locomotor test session, each rat was
subjected to 20 intense 8-kHz, 0.2-s acoustic pulses at variable intervals in the range 20-60 s
(mean interval 40 s), and the response of the rat during each acoustic pulse was determined. The
mean of startle responses of the RFR-exposed rats was significantly lower than for the sham-
exposed rats.

Immediately after the startle-response test, cach rat was placed in the lighted smaller part of
a gated, two-chamber shuttle box, the larger part of which was dark and equipped to deliver an
electric shock. After 1 minute for adaptation, the gate was opened, and if the rat moved into the
larger chamber within 2 min, it was given a 1-s shock; if it remained in the smaller chamber for
more than 2 min, it was removed and not tested further (17 RFR-exposed and 16 sham-exposed
rats were tested). One week later, retention of the shock experience was tested in the box by
allowing each rat 5 min (instead of 2 min) within the smaller chamber to react. The differences in
passive avoidance activity between the two groups were not significant.

Akyel et al. (1991) trained 12 rats to press a lever to obtain food pellets. The rats were then
trained on reinforcement schedules: 4 rats on an FR schedule, another 4 rats on a variable
interval (VI) schedule, and the remaining 4 rats on a differential-reinforcement-of-low-rates
(DRL) schedule.

After training and subsequent adaptation to the exposure chamber, each rat was exposed
once a week for 10 min to 10-us pulses of 1.25-GHz RFR at 1-MW peak forward power, with its
long axis parallel to the electric component of the RFR. The average forward power was held
constant, during any session, at 4, 12, 36, or 108 W, obtained by using a pulse repetition
frequency of 240, 720, 2160, or 6480 pps. Each rat was administered all four RFR levels in a
weekly quasirandom order. The corresponding whole-body total doses or specific absorptions
(SAs), and the whole-body SARs respectively ranged from 0.5 to 14.0 kJ/kg and 0.84 to 23.0
W/kg. Testing of each rat was begun within less than 80 s after exposure end.

At the three lower RFR levels, no significant differences in any of the three behavior
schedules were seen. At the highest level (14.0 W/kg, 23.0 W/kg), however, the rats trained on
the FR and VI schedules failed to reach baseline performance, and those on the DRL schedule
exhibited variable effects. Exposures at that level caused an average rise in colonic temperature
of 2.5°C, and the rats did not respond at all for about 13 min after exposure completion. The
authors concluded that those behavioral changes were thermally induced.

B.3.7.1.2 Nonhuman Primates

Galloway (1975) trained rhesus monkeys to press one or more of three levers on panels
when the panels were selectively lit in order to obtain food pellets. After training, the head of
each monkey was exposed with an applicator to 2.45-GHz RFR at estimated mean head SARs of
7,13, 20, 27, and 33 W/kg, and the effects on their performance were examined.
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For studying discriminative behavior, the RFR was administered for 2 min just before each
behavioral session but was terminated earlier if the monkey began to convulse. Convulsions
occurred for all exposures at 33 W/kg, and often at 20 W/kg. Each monkey was exposed at least
twice at each level during a 9-month period. In addition, 3 were exposed at 13 W/kg for 5 daily
1-h schedules of 2 min on and 1 min off, totaling 40 min of exposure per day. No effects on
discriminative behavior were evident for either exposure regimen.

In a repeated-acquisition test, each monkey had to press the correct lever for each of four
illumination stimuli in the proper sequence. An incorrect lever press caused a 15-s timeout,
during which any lever press had no effect. Sessions of 60 trials were conducted daily before
exposure, with the correct sequence changed each day. In sessions just preceding RFR exposure,
a slight learning trend (diminishing error rate) was seen, but the changes were too small to
ascribe significance to. This was also true for the results at all RFR levels, except 33 W/kg, for
which the error rate at session start was highest. Thus, except possibly for the latter result, the
RFR had no effect on this behavioral paradigm.

Cunitz et al. (1975) trained a 3-kg and a 5-kg rhesus monkey on a 4-choice, forced-choice
serial reaction program. Each monkey's head was inserted through a hole in the bottom of a 383-
MHz resonant cavity, with the monkey facing a diamond array of the ends of 4 light pipes
mounted through the cavity's side wall. Lighting any pipe required the monkey to move a lever
to the left, right, up, or down to comrespond with the position of that pipe end in the diamond. For
criterion performance, 100 correct lever presses were required to obtain a food pellet. During
performance, the light stimuli were presented in random order. A correct response produced an
immediate stimulus change and presentation of a tone for 0.75 s. An incorrect response yielded a
3-s imeout during which all lights were off and lever movements had no consequences.

In each session, the monkey was restrained in a chair for 1 h before the behavioral program
was started; the program was then conducted for 1 hour (or halted sooner when the monkey
obtained its entire daily food ration). Each monkey was exposed to 383-MHz RFR during the
entire 2-h session at a fixed power input in the range 0-15.0 W. Head SARs were estimated to
range up to 33 W/kg and 20 W/kg respectively for the 3-kg and 5-kg monkeys. The larger
monkey was also exposed at 17.5 W (23 W/kg). The sessions were conducted on 5 consecutive
days at each level, with sham-exposure sessions before the RFR was raised to the next level.

Exposures below 10 W did not alter either monkey’s performance. The rate of correct
responses of the 3-kg monkey at 10 W (22 W/kg) decreased sharply during exposure days 1-3,
and recovered partially on days 4 and 5 and the subsequent sham-exposure sessions. At 15 W (33
W/kg), the drop was very severe (to almost zero on day 5), with recovery to about a third of
baseline rates during the subsequent sham-exposure sessions. The 5-kg monkey’s performance
was not affected significantly at 15 W (20 W/kg). At 17.5 W (23 W/kg), its performance dropped
sharply, but recovered to baseline in the subsequent sham-exposure sessions, indicating that the
effect was reversible. The lowest head SARs for diminished performance by the 2 monkeys were
about the same: 22 and 23 W/kg.

Scholl and Allen (1979) trained three rhesus monkeys in a visual-tracking task that required
cach monkey, seated in a restraining chair, to move a lever to hold a continuously moving spot
within a prescribed clear area on the screen of a display monitor. The spot was moved
electronically in a specific pattern, and the lever responses generated continuous difference
signals (errors). The central 15% of the screen was clear and made up the on-target area. That
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area was surrounded by a 35% area of light blue, and the remaining 50% area was dark blue. The
monkey received a 0.1-s electric shock for each 1 s accumulated outside the clear on-target area.

After training, the monkeys were exposed to horizontally polarized, 1.2-GHz CW RFR at 10
and 20 mW/cm?2 (measured at the center of the head in the absence of the monkey) for 2 h/d at 2-
day intervals until each was exposed for 120 min at each level. This polarization and frequency
were chosen to provide half-wave resonant absorption in the monkey head. The cormresponding
head SARs were 0.8 and 1.6 W/kg. Each daily session comprised 40 work trials of 1.5 min each,
alternating with similar rest periods. Baseline runs were done for 26 consecutive days to ensure
performance stability, and the results of the last 6 runs were used for statistical analysis.

The endpoint scored was the adjusted root mean square (ARMS) of the tracking error for
each trial, expressed as a percentage of the total target area. The 95% simultaneous confidence
limits were calculated for ecach monkey’s baseline runs, and the ARMS was plotted for each of
the 40 trials in each 2-h session during RFR exposure at each level. Of 720 data points collected
during a total of 36 h of RFR, only 4 points were outside the confidence limits, fewer than
expected by chance. It seems clear that the performance of the monkeys was not diminished by
the RFR exposure. Whether the apparent performance improvement observed was RFR-related
could not be ascertained.

De Lorge (1976) trained five rhesus monkeys to perform the following task while seated:
each monkey was required to press a lever in front of its right arm, thus producing either a low-
frequency tone for 0.5 s to signal that no food pellet will be coming, or a higher-frequency tone
for which the monkey had to press a lever in front of its left arm to receive a pellet. Training
sessions lasted for 1 or 2 h. During 1-h sessions, pellets were made available at VIs around an
average of 30 s (VI-30-s schedule). For example, presses of the right lever would yield the high
tone once about every 30 s and the low tone at other times. During the 2-h training sessions,
pellets were made available on a VI-60-s schedule.

The monkeys were exposed frontally to vertically polarized, 120-Hz-modulated 2.45-GHz
RFR at levels in the range 4-72 mW/cm?2 measured at head height. Superposed in some
experiments were 0.1-s pulses at 1 pps. Estimated head SARs were 0.4-7.2 W/kg (0.1 W/kg per
mW/cm?).

After stable VI-30-s behavior was achieved, 1-h sessions were conducted on each monkey,
during which the monkey was exposed to the 120-Hz-modulated RFR with superposed 0.1-s
pulses at 4 or 16 mW/cm? (0.4 or 1.6 W/kg head SAR) for 30 min. Similar sessions were
conducted with the unpulsed modulated RFR and with no RFR. At either RFR level, the
performances of the monkeys were not affected by either the unpulsed or pulsed RFR, which led
to the use of only the unpulsed RFR and of the VI-60-s schedule during the 2-h test sessions.
Only 3 of the monkeys were tested in the 2-h sessions, during which they were exposed for 1
hour at levels in the range 16-72 mW/cm2. One of them was also exposed at 16 mW/cm2 during
the entire 2-h test sessions.

The VI-60-s performances showed no significant departures from the control rates for all 3
monkeys up to 52 mW/cm2 (5.2 W/kg) and for 2 of them at 62 mW/cm? (6.2 W/kg). The mean
performance of the third monkey at the higher level was about 80% of its mean control
performance. At 72 mW/cm? (7.2 W/kg), all 3 monkeys performed at approximately 50% of
their respective control values. The results suggest that the monkeys had reacted to body heating
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by the RFR at the higher levels and that their performances were diminished because of such
heat.

De Lorge (1979) trained four squirrel monkeys in 1-h sessions to press either the right or the
left lever on top of a chair to obtain a food pellet. Initially, each successive lever press resulted in
the alternate activation of a red light and a blue light in front of the monkey. When the monkeys
achieved consistent performance in such lever presses, the contingencies were changed so that
press of the left lever was rewarded only when the blue light was on, with right-lever presses
continuing to alternate the red and blue lights.

Training progressed in stages, with each stage requiring a higher number of right-lever
presses to turn on the blue light. The last stage was a schedule in which each right-lever response
yielded either 0.5 s of red light or 10 s of blue light, and only a left-lever press during the latter
yielded a pellet.

After stable behavior was achieved, each monkey was exposed from above to 2.45-GHz
RFR at levels in the range 10-75 mW/cm2. SARs were estimated to have been 0.5 to 3.75 W/kg.
In 41 daily sessions, exposures were done during the middle 30 min of 1-h testing sessions, with
the other two 15-min periods for obtaining baseline data. In the next 53 sessions, only 3 of the
monkeys were tested, the session duration was 2 h, and the RFR exposures were during the
middle 1 hour. The number of sessions at each level ranged from 2 to 5, with sham exposures
between sets. Neither the 30-min nor the 60-min exposure regimens caused any obvious
permanent physical changes in any of the monkeys.

Among the various performance measures, only the rate of right-lever responses showed an
RFR-induced change. This measure exhibited a slight trend toward lower rates with increasing
RFR level, to a minimum of about 90% of mean control value at 60 mW/cm? (3.0 W/kg), and a
slightly higher value (92%) at 70 mW/cm2 (3.5 W/kg). However, the response rate never
exceeded one standard deviation from 100%. The behavioral effects of 1-h exposures were
similar to those of 30-min exposures but were more pronounced. No consistent behavioral
changes occurred below 50 mW/cm2 (2.5 W/kg); above that level, the effects increased with
RFR level. The right-lever-response rate versus RFR level varied widely among the 3 monkeys,
but at 60 mW/cm2 (3.0 W/kg), all showed decrements to about 60%.

The author concluded that the observed behavioral changes in the squirrel monkeys were
temporary and clearly related to hyperthermia. Consistent changes were seen when rises in rectal
temperature exceeded 1 °C, which corresponded to a threshold between 40 and 50 mW/cm? (2.0-
2.5 W/kg). The author noted that similar results had been obtained with rhesus monkeys tested
for the same behavioral task during exposure to 2.45-GHz RFR, but with a threshold 10 to 20
mW/cm? higher, and suggested that RFR-induced behavioral changes in different species may be
scaled on the basis of body mass.

The findings of this study, reinforced by the similar results with rhesus monkeys, are
important because the measurements of performance of a complex behavioral task during
exposure to RFR were carried out with two species much closer to human physiology and
" intelligence than more commonly used nonprimate laboratory animals, and because reasonably
accurate RFR thresholds for each primate species were determined.

De Lorge (1984) similarly trained food-deprived rhesus monkeys to perform a task in which
each monkey was to press a lever in front of its right hand (an observing response), which



produced a 0.7-s low tone (860-1000 Hz) to signal that no food pellet will be delivered, or a high
tone (1250-3703 Hz) for up to 1.2 s to signal the availability of a pellet. If the monkey pressed a
lever in front of its left hand while the high tone was on (a detection response), the tone would
cease and a pellet would be delivered. A left-lever response at other times produced a 5-s interval
during which presses of the right lever yielded only the low tone. If the left lever were not
pressed during 1.2 s of the high tone, that tone would cease and the reinforcement schedule
would recycle. No tones were presented without a lever press, and right-lever presses during the
presence of either tone had no consequences.

The low tone was delivered most frequently and the high tone was sounded at random times
at an average of about once every 30 s. Reinforcement was at random intervals of about 1 minute
initially, and the intervals were shortened as the responses became more efficient.

After several sessions of stable performance, each monkey, while seated in a Styrofoam
restraining chair, was frontally exposed, during 1-h sessions, to vertically polarized 225-MHz
CW RFR (near the whole-body resonant frequency), or to pulsed RFR at 1.3 GHz or 5.8 GHz
(both above whole-body resonance).

Estimates of normalized SAR were derived from exposure of saline-filled models to 225
MHz and 1.3 GHz, and of models filled with tissue-simulating materials to 5.8 GHz. The results,
in W/kg per mW/cm2, were 0.4 for 225 MHz, 0.13 for 1.3 GHz, and 0.03 for 5.8 GHz. The
exposures to 225 MHz were at 5-11 mW/cm2 (2.0-4.4 W/kg). The 1.3-GHz RFR consisted of 3-
us pulses, 370 pps, at 20-95 mW/cm?2 average (2.6-12.4 W/kg); the 5.8-GHz RFR consisted of
0.5-ps or 2-us pulses, 662 pps, at 11-150 mW/cm?2 (0.34-4.7 W/kg). Rectal temperature was
monitored continuously during each session with a nonperturbing probe.

For each frequency, each monkey was exposed three times at each RFR level, with the
levels usually sequenced in ascending order, but all RFR sessions were followed with sham-
exposure sessions. Four of the monkeys reduced their rates of incorrect detection responses (on
the left lever) to low, stable levels. The fifth, subject 10, made excessive numbers of incorrect
detection responses throughout the study, which were sometimes greater than its observing-
response rate (on the right lever).

Reductions in observing-response rates occurred at RFR levels above threshold. For
example, one monkey (subject 13) exhibited decreases in observing-response rates during
exposure to 1.3-GHz RFR at 50 mW/cm?2 and higher, and the rate reduction became larger
toward the latter part of each session as the RFR level was raised. Also observed were response
patterns that became increasingly erratic during sessions — an effect most pronounced at 225
MHz, at which the monkeys paused for as much as 15 min and often stopped responding at all
for the last half of a session at 10 mW/cm2.

As a more definitive index of behavioral change than the individual cumulative records,
plots of the mean and standard error of the ratio of observing-responses during each RFR-
exposure session at each frequency to the values during the preceding sham-exposure session
versus the power density were shown. The results for each frequency yielded a threshold power
density for statistically significant behavioral alterations that increased with frequency: 7.5
mW/cm? at 225 MHz, 63 mW/cm? at 1.3 GHz, and 140 mW/cm? at 5.8 GHz. However, the
corresponding threshold whole-body SARs varied up and down with frequency: respectively 3,
8.2, and 4.3 W/kg, presumably because of differences in penetration depth.



The detection-response rate on the food lever was not consistently affected by RFR exposure
at any frequency. No effect was observed for 225 MHz or 5.8 GHz; for 1.3 GHz, a decreased
response rate was observed occasionally, but only at 83 mW/cm? or higher. However, plots of
mean ratio of detection-response latencies during RFR exposure to detection-response latencies
during sham exposure versus power density exhibited values slightly but significantly higher
than 1 at all three frequencies and at most power densities. For each frequency, however, the
mean ratio changed both upward and downward with power density, but with an overall
downward trend.

Postreinforcement pause (a pause following a reinforced detection-response) was also
affected. The mean ratio during exposure to 225-MHz RFR 1o that during sham exposure was 1.0
in the range 5-7.5 mW/cm2, but rose significantly to 1.5 at 10 mW/cm?2. The changes for 1.3
GHz were both upward and downward, but nonsignificant up to 63 mW/cm?2, at which the mean
ratio was 1.3. Above 63 mW/cm?, the mean ratio decreased to 1.1 at 93 mW/cm?; the latter ratio
was still significantly larger than 1.0. The only significant change for 5.8 GHz was at 150
mW/cm2, to 1.06, a smaller increase than for the other frequencies.

The mean colonic temperature at the start of the 1-h sessions rose an average of 0.15°C
during the sham-exposure sessions, For 225 MHz, the temperature rises were linear with RFR
level, from 0.8°C at 5 mW/cm2 to 2.1°C at 10 mW/cm2. With 1.3 GHz, the rises were less than
linear, from 0.4°C at 20 mW/cm? to 1.9°C at 93 mW/cm2, With 5.8 GHz, the rises were even
more gradual, from 0.2°C at 10 mW/cm? to 1.0°C at 150 mW/cm2.

The author’s estimates of absolute thresholds for the disruption of observing-response rates
for each frequency were 8.1 mW/cm? for 225 MHz, 57 mW/cm? for 1.3 GHz, 67 mW/cm? for
2.45 GHz (from de Lorge, 1976), and 140 mW/cm? for 5.8 GHz - values that rose with
frequency. However, the corresponding SARs, 3.2, 7.4, 6.7, and 4.3 W/kg, varied both upward
and downward with frequency, perhaps reflecting penetration-depth differences again,

The results led the author to remark that predictions of biological effects based only on
power density are poor and that predictions from normalized whole-body absorption of energy
are not very useful. He also noted that because the ratio of highest-to-lowest threshold SAR is
much smaller than the ratio of the corresponding power densities, SAR is a more efficient
predictor than power density, but that both are frequency-dependent. Thus, he concluded that an
increase of about 1 °C in colonic temperature is a more reliable single index of behavioral
disruption.

The author speculated that the 225-MHz results reflect a resonance heating effect of the
blood in the entire body, causing great difficulty in thermoregulation, because heated blood
cannot be replaced with cooler blood. He also suggesied that the results at 1.3 and 5.8 GHz
illustrate normal thermoregulation, because the limbs or skin are heated much more at those
frequencies than the interior of the head.

The author did not discuss of the possible occurrence of the RFR-auditory effect with the
1.3-GHz and 5.8-GHz pulsed RFR. He presumably discounted this effect as a factor in the
results, because the pulse repetition rates used (370 and 662 pps) were lower than the tones used
in the behavioral paradigm.

D'Andrea et al. (1989) trained five food-deprived rhesus monkeys to operate three levers
(left, right, center) in various sequences to obtain food pellets. The sessions were 60 min long.
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The task during each session comprised three successive 10-min schedules of lever presses,
followed by repetition of the same 3 schedules. About 60 baseline sessions were given before the
start of sham- or RFR exposures.

In the first 10-min schedule, the monkey was required to withhold responding for 8 s after
the start of a 1070-Hz tone, and then to respond only within the next 4 s; the correct response
during those 4 s was 2 presses of the left lever within 2 s of each other. The authors called this an
interresponse-time (IRT) schedule.

The second 10-min period was devoted to a time-discrimination (TD) schedule, in which a
press of the center lever in the presence of blue light randomly yielded white light of short
duration (1-3 s) or long duration (8-10 s). At the end of either period, the white light was
replaced with red and green light. When the red and green light were present, the monkey, to
obtain a pellet, had to press the right lever if the preceding white light was of short duration or
the left lever if the preceding white light was of long duration.

During the third 10-min period, a fixed-interval (FI) schedule was used: The monkey was
presented with a continuous 2740-Hz tone, and its first press of the right lever after 55 s yielded a
pellet.

During the 60-min behavioral test sessions, each monkey was sham-exposed or exposed
from above to 3-us pulses of 1.3-GHz RFR at a RMS pulse power density of 131.8 W/cm?2. The
peak SAR was 15.0 W/kg in the head and 8.3 W/kg whole-body. The pulse repetition rate was 2,
4, 8, 16, or 32 pps, with corresponding average power densities of 0.92, 1.85, 3.70, 7.40, or 14.80
mW/cm?2.

The results showed no significant differences between sham- and RFR-exposures in any of
the behavioral responses. The authors noted that the the energy absorbed in the head by each
pulse (280 mJ/kg) was well above the threshold for the RFR-auditory effect, and remarked that if
such auditory stimulation did occur, it produced no obvious effect on the trained behavior (see
Section .

B.3.7.2 RFR and Drugs

Various studies have been conducted on possible interactive effects of exposure to RFR and
medications or other drugs taken or administered. Those discussed below are representative.

Thomas et al. (1979) trained four food-deprived rats on a fixed-interval, 1-min (FI-1)
schedule to press a bar for a pellet. After stable baseline patterns were achieved, an effect-versus-
dose function for the psychoactive drug chlordiazepoxide (tradename Librium), given 30 min
before a session, was established. This function showed that the responding rate rose with
increased drug dose up to 10 mg/kg, attaining 2-3 times the baseline rate at that dose. At still
higher doses, the responding rate decreased, attaining zero at 40 mg/kg.

After training, the rats were exposed to 2.45-GHz RFR at 1-W/cm? peak, 1-mW/cm?2
average (0.2 W/kg) during the 30 min before each bar-pressing session (starting immediately
after drug injection). RFR exposure yielded the same shape of effect-versus-dose function, but
the magnitudes were generally higher by a factor of about 2. By contrast, RFR exposure in the
absence of any drug injection produced no difference in responding rate.
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The results of this investigation are unequivocal, but the mechanisms are obscure. For
example, although average power density and whole-body SAR were low, local SARs in brain
regions that are target areas for central actions of chlordiazepoxide may have been high enough
for a thermally potentiating effect. It is also conceivable that the pulse parameters produced the
RFR-hearing effect during the 30-min pre-session period. If so, however, it is not clear whether
or how any influence of this effect would have carried over into sessions during which RFR was
absent.

Thomas and Maitland (1979) also trained 6 food-deprived rats to depress a lever on a
schedule in which a second response at least 18 s after a first response was rewarded with a
pellet, but a second response in less than that time interval reset the timing period. After such
training, effects of exposure to the 2.45-GHz pulsed RFR (0.2 W/kg) used previously were
sought on the dose-response function of the psychoactive drug d-amphetamine.

Three of the rats were dosed with the drug once per week and exposed for 30 min (single-
exposure condition). Their behavior was observed for 1 hour right after exposure for any direct
drug-RFR interaction. For detection of possible cumulative action of the RFR, the other three
rats were dosed with d-amphetamine once a week and exposed for 4 d/wk, 30 min/d (multiple-
exposure condition), except on drug-injection days. On those days, their behavior was observed
for 30 min after injection. The sessions were conducted for 13 weeks, and included sham
exposures and saline injections for all 6 rats.

For the three rats studied under the single-exposure condition, the mean response rates (in
total responses per minute) after injection of saline and sham exposure, and after injection of
saline and RFR exposure, were comparable to baseline perforrnances. When those rats were
given d-amphetamine and sham-exposed, their mean response rates rose with drug dose to a
maximum at 2.0 mg/kg, with consequent reductions in the frequency of correct responses that
yielded reinforcement. At higher doses, the mean response rates dropped sharply, to zero for 4.5
mg/kg.

By contrast, the mean total response rate of those rats dosed with the drug and exposed 10
the RFR rose to values significantly higher than for the corresponding doses with sham exposure,
with maximum at 0.5 mg/kg. Above 0.5 mg/kg, the mean total response rate declined sharply, to
zero for 1.5 mg/kg. Those results show that RFR exposure after injection of a given dose of d-
amphetamine yielded behavior similar to that obtained with a larger dose without RFR exposure.

For the three rats studied under the multiple-exposure condition, the mean baseline
performance and mean performances for saline injection followed by sham- or RFR exposure did
not differ significantly from the values for the other saline-injected rats. The dose-response
functions of the rats with and without multiple RFR exposures were qualitatively similar to those
with and without single RFR exposures, even though the performances of the former group were
determined 24 h after the final exposure. With the multiple sham exposures, maximum responses
were obtained for 2.0 mg/kg, with a sharp decline to zero for 4.5 mg/kg. The maximum
responses for the multiple RFR exposures were obtained with 0.5 mg/kg, and the responses
declined sharply 1o zero for 2.0 mg/kg.

The authors remarked that the modest average power density (1 mW/cm?) may have
produced relatively high local SARs, particularly by resonant absorption in the head, which
could have selectively heated the brain. In addition, head resonance could have yielded energy
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values above the threshold for the RFR-hearing effect. However, the authors discounted those
possibilities because they would not account for the persistence of behavioral effects for 1 hour
after the single exposures and for 25 h after the last of the multiple exposures.

The effects of body restraint, which could synergize with low RFR levels and stressful
events to produce considerable elevations of body temperature, were considered and discounted
because restraint of the rats injected with saline and exposed to RFR yielded no significant
deviations from the baseline values, and the dose-effect functions of unrestrained and restrained
rats not exposed to RFR were the same.

Because d-amphetamine has been reported to heighten human perception with various
senses, it could be hypothesized that rats can perceive lower levels of RFR under the drug’s
influence than without the drug, and that such drug-induced perception would change their
behavior. However, this hypothesis would not account for the 24-h persistence of RFR influence
seen in the multiple-exposure group.

Thomas et al. (1980) described similar research with the drugs diazepam and
chlorpromazine. Diazepam (tradename Valium) has been widely prescribed as a tranquilizer and
muscle relaxant. Chlorpromazine is used as a sedative and as an antiemetic.

Four food-deprived rats of two strains were trained on a FI-1 schedule of reinforcement.
After training, the dose-effect functions for diazepam were determined in one strain and for
chlorpromazine in the other strain. One dose was injected 30 min before each session and the
doses were administered in mixed order, with at least 3 replications for each dose. Response rates
and patterns were compared with their corresponding baseline performances.

Chlorpromazine lowered performance with increasing dose for all four rats administered that
drug. The response rates stayed within baseline variability for doses up to about 1 mg/kg and
declined for higher doses. For those given diazepam, the drug caused slight increases in response
rate at doses up to about 2.5 mg/kg, with decline at higher doses.

Having determined dose-effect functions for the drugs, the authors exposed each rat for 30
min to 2.8-GHz pulsed RFR at 0.2 W/kg immediately after administering each drug, and tested
the rats at exposure end. The RFR did not alter the effects of chlorpromazine or diazepam, in
contrast with the results with chlordiazepoxide and d-amphetamine. Such differences in findings
are difficult to reconcile.

Pappas et al. (1983) exposed rats in separate waveguides to pulsed 2.45-GHz RFR for 45
min at 1 mW/cm? average power density (SAR 0.6 W/kg), and studied the effect of the RFR on
stereotypy (persistent senseless movements) induced by d-amphetamine. During a 1-h session
following exposure and starting 4 min after d-amphetamine injection, each rat was observed for 3
normal behaviors (immobility, rearing, forward walking) and 3 abnormal behaviors (backward
walking, circling, head swaying) for 1 minute every 5 min. The occurrence of each behavior was
recorded on an all-or-none basis, and the total incidence of each was determined for each rat. The
difference in average score for each of the six behaviors between RFR and sham groups was
nonsignificant.

Lai et al. (1984) described experiments to determined the effects of the same RFR used by
Pappas et al. (1983) on ethanol-induced hypothermia and ethanol consumption. For the ethanol-
hypothermia experiment, 15 rats were RFR exposed and 14 were sham-exposed for 45 min.
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Immediately after exposure, each rat was removed from its waveguide, its colonic temperature
was measured, and it was injected with a solution of ethanol (3 g per kg of body weight in 25%
of water by volume). The rats were then housed 6 to a cage, and their colonic temperatures were
measured with a thermistor inserted and removed at 15-min intervals for 120 min.

Mean colonic temperatures of the RFR- and sham-exposed rats immediately afier exposure
were respectively 38.2 © and 38.3 °C, a nonsignificant difference. Ataxia developed within 5 min
of ethanol injection, but righting reflex remained intact. The mean temperature changes versus
time after ethanol injection for the two groups showed that hypothermia had occurred in the RFR
group at a slower rate than in the sham group. For example, the temperature depressions at 15
min after injection were about 0.4° and 0.9°C for the RFR and sham groups, respectively, a
significant difference; at 60 min, the corresponding depressions were about 1.5° and 1.8°C, also
a significant difference; at 90 min, the depressions were 1.9°C for both groups and did not differ
significantly at subsequent times.

In the ethanol-consumption study, rats were given 90-min sessions in the waveguides daily
for 9 days. Drinking water was removed from the home cages 24 h before the first session. On
session days 1, 2, and 3, the rats were inserted in the waveguides for 45 min with the RFR source
on “standby.” At this time, a bottle containing a 10% sucrose solution was inserted in each
waveguide and the amount consumed during the remaining 45 min was measured. The procedure
on day 4 was the same except that half the rats (24) were selected randomly and exposed to the
RFR, and the other half were sham-exposed for the full 90 min. On days 5-7, the procedure was
the same as on days 1-3, except that a 15% ethanol + 10% sucrose solution was used to render
the ethanol more palatable.

On day 8, half the rats (group I, randomly selected) were exposed to RFR and the remaining
rats (group II) were sham-exposed for 90 min, and the amounts of sucrose-ethanol solution
consumed during that period were measured. On day 9, the group roles were reversed: group 1
was sham-exposed, group Il was RFR exposed, and fluid consumption was noted.

For days 1, 2, and 3 (during which all 48 rats were sham-exposed and offered the sucrose
solution), the mean sucrose consumption rose significantly each successive day. On day 4,
however, (when half were RFR exposed and the others sham-exposed for 90 min), the mean
sucrose consumptions for the 2 groups did not differ significantly from each other or from the
day-3 value.

For days 5, 6, and 7 (when all 48 rats were sham-exposed and offered the sucrose-ethanol
solution), the mean sucrose-ethanol consumption varied up and down with time. For day 8 (when
group 1 was RFR exposed and group II was sham-exposed), sucrose-ethanol consumption by
group II did not change significantly but that of group I significantly increased. For day 9 (when
group II was RFR exposed and group I was sham-exposed), consumption by group II
mgmﬁcmdy increased. Thus, RFR exposure had no apparent effect on sucrose consumption, but
increases in sucrose-ethanol consumption were linked to RFR exposure.

B.38 Cellular and Subcellular Effects

Various studies on cellular and subcellular effects of RFR have been discussed above under
other specific topics such as the BBB, immunology, and hematology. This subsection describes
representative studies of other RFR effects on cells and their constituents.
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B.3.8.1 Structures and Constituents of Microorganisms and Other Single-Cell Systems

Webb and Dodds (1968) sought effects of RFR at frequencies above 30 GHz (millimeter
waves) on the growth of E. coli bacteria. The results appeared to indicate that bacterial growth
was inhibited by 136-GHz RFR. No statistical treatment was given, but examination of the data
indicated the likelihood that non-RFR factors were present. Webb and Booth (1969) also
reported RFR absorption by E. coli cells, and by preparations of E. coli protein, and ribonucleic
acid (RNA) deoxyribonucleic acid (DNA) at specific (resonant) frequencies in the range 65-75
GHz. The latter findings were difficult to evaluate because of absence of adequate information
on methodology, instrumentation, and statistical treatment.

Several studies sought to confirm predictions by Fréhlich (1975) of resonances above 30
GHz. In one study, Webb and Stoneham (1977) reported the detection of resonances in the range
70-5000 GHz in active cells of E. coli and Bacterium megatorium, using laser Raman
spectroscopy. They found no resonances in resting cells, cell homogenates, or nutrient solutions,
and therefore associated resonances for active cells with metabolic processes.

Grundler et al. (1977) investigated the effects of RFR in the range 40-60 GHz on growth of
yeast cells (Saccharomyces cerevisiae). After appropriate preparation, 2.5 ml of yeast suspension
in an aqueous medium was placed in a standard rectangular glass receptacle, and cell growth was
monitored by transmission photometry. Extinction (decrease of light ransmission through the
suspension) was recorded versus time and was found to increase exponentially over
approximately three generations (about 4 hours). The data were replotted semilogarithmically to
obtain the growth rate (slope of the new plot).

Growth curves with no RFR were obtained at suspension temperatures in the range 30.5-
34°C. (The authors noted that in any experiment, suspension temperature never varied by more
than #0.5°C.) The growth rates therefrom were plotted versus suspension temperature; these
plots showed that the growth rate decreased from 4.0% per 1°C at 31°C to 1.3% at 33°C, and that
the results were reproducible to within +3%.

The RFR source was a backward-wave oscillator in the 40-60 GHz range, with frequency
stability and resettability, respectively, of £1 MHz and 3 MHz (equivalent to 25 and 75 parts
per million at 40 GHz). The output of the oscillator was fed through a metallic waveguide to a
vertical horn terminated by a Teflon structure that was immersed in the aqueous suspension. For
depth of penetration into water of about 0.2 mm at 42 GHz, the RFR power emitted into the
suspension ranged between 11 and 27 mW. Because the total area of emission was stated to be
10 cm2, the power densities were in the range 1.1-2.7 mW/cm2, which increased suspension
temperature by roughly 0.4°C. The relative or normalized growth rate was then defined as the
ratio of the growth rate in the presence of RFR to the rate in its absence at the corresponding
suspension temperature.

The authors performed 67 experiments; they discarded the results of 5 because the growth
rates were very small in the samples studied and in a monitor beaker, probably because of
bacterial infection or chemical poisoning. Those of the other 62 experiments were tabulated as
normalized growth rate at specific frequencies, suspension temperatures, and absorbed RFR
powers (which varied from 11 to 27 mW). The normalized growth rate was also plotted versus
frequency. Evident in that figure were several sharp maxima and minima spanning unity growth
rate (“a multiplet of biological resonances™) in the frequency region 41.83-41.96 GHz, with little
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effect below or above the region. The largest increase in growth rate was 15% at 41.682 GHz 13
MHz, for 17 mW absorbed power and 32.4°C suspension temperature. The largest decrease was
29% at 41.712 GHz £3 MHz, for 23 mW and 31.7°C. (The figure showed one smaller minimum
and maximum at intermediate frequencies.)

The authors noted that on an absolute frequency scale, a systematic offset of up to + 20 MHz
was possible. They also stated:

‘The strong absorption of the radiation in water means that in our geometry
only a small part of the total volume is subjected to the full intensity. We
have not yet measured the dependence on intensity and thus would not
know how to correct the results for the varying power. Inspection of the
figure shows, however, that this can cause only minor alterations even if
linear dependence on power is assumed.’

The results of this study seem to indicate that RFR in the resonant range either enhances or
inhibits cell growth, depending on the specific frequency, but the authors did not speculate on
possible mechanisms for such reversals of effect.

Cooper and Amer (1983) disputed the findings above, indicating that cell suspensions yield
spurious Raman lines in the frequency range of interest under certain conditions, notably by Mie
scattering from cell clumps, and that they thereby were able to reproduce many of the spectra.

Gandbhi ez al. (1980) used a stable, comnputer-controlled system to measure RFR absorption
in various biological specimens at frequencies in the range 26.5-90.0 GHz in small steps. They
studied solutions of DNA from salmon sperm and RNA from whole yeast and yeast-like fungi,
and suspensions of E. coli cells and baby-hamster-kidney cells ransformed with mouse sarcoma
virus. Those results showed no resonances at any frequency sampled, strongly suggesting that
none of those biological materials absorb significant RFR energy in that range.

Swicord and Davis (1983) used a new method for measuring absorption by optically
transparent liquids and for studying interactions between cellular constituents and RFR at
frequencies below (as well as above) the millimeter range. They measured RFR absorption in the
range 8-12 GHz by aqueous solutions of DNA extracted from E. coli. A plot of attenuation
coefficient for DNA versus frequency exhibited no resonances, but the attenuation increased
linearly with frequency and its values were much higher than for physiologic (Ringer’s) solution
or deionized water at the same frequencies.

Edwards et al. (1985) noted that biochemical analysis of the DNA solution used in the
previous study indicated the presence of significant amounts of RNA and protein impurities, and
that the DNA had been sheared extensively by improper handling. In addition, the enhanced
absorption observed for such samples in the range 8-12 GHz was absent for carefully prepared
DNA samples of high molecular weight that were free of protein and RNA.

Gabriel et al. (1987) described the efforts in London and Uppsala by two independent
laboratories to detect resonances in the range 1-10 GHz for aqueous solutions of circular DNA
molecules of the same form studied by Edwards et al. (1985). The dielectric measurements in
London were done on an automated time domain spectrometer using a reflection technique; those
in Uppsala were done with a similar spectrometer, but with a transmission technique. The authors
noted that a common and most important feature of such measurements is the use of a reference
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sample to normalize reflection or transmission coefficients, thus eliminating systematic
experimental artifacts, such as slight impedance mismatches.

Plots of relative permittivity and loss factor of a 0.1% plasmid DNA solution at 20 °C versus
frequency obtained in London were displayed on linear scales, to permit direct comparison with
those of Edwards et al. (1985). Those from Uppsala were shown as the more common log-log
plots. Each point was the average of up to 36 measurements on samples from 4 plasmid
preparations; no variances were shown, but the authors estimated the measurement uncertainties
to be about 1% for permittivity and 2% for loss factor. Also shown on each plot were lines of
relative permittivity and loss factor for pure water. Within those limits, the measured values of
permittivity and loss factor for DNA were all close to those for pure water.

The values of attenuation coefficient and incremental attenuation coefficient relative to
water were plotted versus frequency; also displayed were those of Edwards et al. (1985). Unlike
the results for the latter, no resonances were evident; the incremental attenuation values were
scattered above and below the zero line, with the largest deviations less than $0.1/cm, primarily
in the upper 20% of the frequency range. By contrast, the incremental attenuation values by
Edwards et al. (1985) at their reported resonant frequencies ranged from 0.28 to 0.7/cm.

Foster et al. (1987), in another endeavor to reproduce the findings of Edwards et al. (1985),
used two techniques. In one technique, which was a variant of that used by Edwards et al. (198S5),
a probe consisting of the open end of a length of coaxial line was immersed in the sample, and
the complex reflection coefficient at its tip was measured with an automatic network analyzer
(ANA) in the frequency range 0.045-18 GHz in 0.045-GHz increments. The authors surmised
that the previously reported apparent resonances could be ascribed to two sources of error
associated with such probe measurements. First, the coaxial connector to the probe could be a
source of artifactual reflection. Accordingly, they performed the measurements with and without
use of a ime-domain-gating procedure for removing connector artifact. Second, analyses of the
measurements did not account for radiation from the probes they and Edwards et al. (1985) used .
In the other technique, the sample was placed inside a section of 7-mm coaxial transmission line
between a Teflon disk and a short circuit terminating the line, thus avoiding probe radiation, and
the reflection coefficient from the sample was measured with an ANA.

With the probe method and no time-domain gating to remove connector artifact, solutions of
DNA having about threefold higher concentration than those used by Edwards et al. (1985)
yielded reflection-coefficient oscillations crudely resembling the resonances reported by the
latter; however, those oscillations were eliminated by the time-domain gating. No apparent
resonances were seen with the transmission-line technique.

Sagripanti et al. (1987) reported that plasmid DNA (derived from E. coli and purified to
ensure the absence of protein contaminants), when exposed to low-levels of RFR in the
frequency range 2.00 to 8.75 GHz, exhibited both single-strand and double-strand breaks, but
only if small amounts of copper ions (cuprous but not cupric) were present. Samples consisted of
10 micrograms (jg) of plasmid DNA in 28 microliters (ul) of buffer, with each sample contained
within a 1.5-ml micro test tube.

Exposures were made by immersing an open-ended coaxial probe into each sample. The
probe consisted of a solid outer conductor 3.58 mm in diameter and a central conductor 1 mm in
diameter, both of copper, with solid dielectric between them and with a flush open end.
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Attenuation and standing-wave ratio were measured with a dual-directional coupler and a slotted
line inserted between a generator of CW RFR and the probe. The results were used to determine
the maximum and minimum SARs (SARpyax and SARmin). Those data indicated that SARpax
was about 5 times larger than SARmin, With SARine somewhere between the two. The
experimental results were referenced to the values of SARmax.

In the first experiments, samples were sham-exposed or exposed for 20 min to 2.55-GHz
RFR at an SARmax of 10 W/kg. The results of six experiments showed that the mean number of
double-strand breaks in the RFR-exposed samples was significantly higher than for the sham-
exposed samples. The authors regarded such exposures as nonthermal, because of the large
surface-to-volume ratio of the samples and thus their ability to dissipate heat readily; the authors
indicated that exposures at levels of about 1 kW/kg were needed to detect any significant
temperature rises in the samples.

In other experiments seeking frequency specificity of the effect, samples were exposed to
RFR at 8.75 GHz (a frequency along with 2.55 GHz that had been found to produce maximum
resonant absorption by DNA) and to 2.00-GHz, 3.45-GHz, and 7.64-GHz RFR, which were
frequencies of minimum absorption (Edwards et al., 1985). The authors stated that they could not
find any variation in double-strand breaks attributable 1o resonant absorption by DNA.

For statistical analysis, the authors pooled data on 12 experiments at the 5 frequencies
above. The results showed a significantly higher mean percentage of double-strand breaks for the
RFR-exposed samples than the sham-exposed samples. However, the mean percentage of
double-strand breaks for the sham-exposed samples was also significantly higher than for control
samples, for which the copper probe was close 1o the sample but not in contact with it. When the
probe was covered with a thin plastic coating, the difference between sham-exposed and control
samples vanished, but also no strand breaks were detected in RFR-exposed samples.

In other experiments, samples were incubated in either cupric or cuprous chloride, or in the
storage buffer (controls), and not RFR- or sham-exposed. The results indicated that only
incubation in cuprous chloride mimicked the strand breaking seen with RFR exposure. On the
basis of linear increases of damage with exposure duration, the authors concluded that the
presence of cuprous chloride (in the probe) causes the strand breaking and that the RFR increases
the effect.
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APPENDIX C

COMMENT LETTERS

Many letters commenting on the Draft Supplemental Environmental Asscssment (SEA) of
the Effects of Electromagnetic Radiation from the WSR-88D were received during the comment
period held from March 28 through May 26, 1992. Those letters that contained comments
requiring responses or that provided information augmenting the Draft SEA are reprinted here.
Appendix D sets forth responses to comments in those letters. Letters that do not contain
substantive comments and do not require a response are preceded by an asterisk (*) in the list
below, and are not reprinted in this document.

1. Norman C. McLaughlin, Bennett Heights, New York, April 21, 1992

2. Rev. Robert L. Smith, Pastor, New Hope Fellowship, Batavia, New York, April 15,
1992

3. Mary Beth Hoffarth, Sonshine Patch Child Care, Batavia, New York, April 1992
4. *Anthony Deni, Bennett Heights, New York [No date]
5. Arlene Bow, RN, North Bennett Heights, New York, April 16, 1992
6. David T. Powell, National President, NWSEQ, [No address or date]
7. Susan Lukaszewicz, Batavia, New York, [No date]
8. *John J, Lukaszewicz, Batavia, New York, [No date]
9. Sarah C. Lukaszewicz, Batavia, New York, [No date]

10. *Christina Petrone, Elba, New York, April 17, 1992

11. *Donald C. Nelson, Elba, New York, April 17, 1992

12. Dianne M. Puccio, [No address], April 18, 1992

13. Gloria McLaughlin, Bennett heights, New York, April 21, 1992

14, Florence C. Gioia, [No address], April 17, 1992

15. June C. Vukman, Supervisor, Town of Batavia, New York, April 14, 1992



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Gary C. Plan, [No address], April 21, 1992

Catherine J. Dusen, Batavia, New York, [No date]

Dan Voltura, CONRAD III Project Coordinator, [No address], April 21, 1992
D. Keith Bow [No Return Address], April 21, 1992

Roshan Shaikh, East Yaphank Civic Association, May 25,1992

* , State of Illinois, Office of Governor, April 24, 1992

* , State of Vermont, Office of Governor, April 24, 1992

* , State of Mississippi, State Clearinghouse for Federal Programs, April
29, 1992

*Linda Wise, State Clearinghouse, State of Ohio Office of Management and Budget,
[No date]

*William T. Quigg, Intergovernmental Review Coordinator, Policy Development and
Planning Division, State of Connecticut, April 13, 1992

*Carol Whiteside, Assistant Secretary, Intergovernmental Relations, The Resources
Agency of California, May 15, 1992

*Louis Pohl, Coordinator, Missouri Clearinghouse, May 4, 1992

*Kathy Reis, Assistant Grants Coordinator, State of South Carolina Office of the
Govemor, April 22, 1992

Harold S. Masumoto, Director, Office of State Planning, Office of the Governor, State
of Hawaii, May 5, 1992

*Margaret Dubas, Staff Assistant, Colorado State Clearinghouse, State of Colorado,
May 21, 1992

Chrys Baggett, Director, North Carolina State Clearinghouse, May 22, 1992

Don N. Strain, Director, Oklahoma Department of Commerce Office of Federal
Assistance Management, May 14, 1992

*Charles H. Badger, Administrator, Georgia State Clearinghouse, Office of Planning
and Budget, May 15, 1992



35.

36.

37.

38.

39.

4].

42.

43.

45.

*Charles H. Brown, Director, State Clearinghouse Tennessee State Planning Office,
May 18, 1992

Barry J. and Catherine M. Debbins, Batavia, New York, May 19, 1992

*Kenneth W. Holt, M.S.E.H., Special Programs Group, National Center for
Environmental Health and Injury Control, Atlanta, Georgia, May 6, 1992.

Joel Ray, Ithaca, New York, May 12, 1992

Richard E. Sanderson, Director, Office of Federal Activities, United States
Environmental Protection Agency, Washington D.C., May 26, 1992

George Morgan and Cindy Kushner, Elba, NY, May 17, 1992

Cindy Kushner, Elba, NY, May 17,1992

*Jami Owens, Illinois State Clearinghouse, May 26, 1992

Danna G. Sturm, Coordinator, State Clearinghouse, State of Nevada, May 21, 1992

*Kathy Reis, Assistant Grants Coordinator, State of South Carolina Office of the
Govemnor, May 28, 1992

*Jeanette Tomczak, North Carolina State Clearinghouse, [No date]

Joe A. Elder, Ph.D., and Carl F. Blackman, Ph.D., U.S. Environmental Protection
Agency Health Effects Research Laboratory, October 8, 1992



.\ . Letter # 1

April 21, 1991
TO: The Nationa) Oceanic and Atmospheric Administration

FROM: Norman C. MciLaughlin
4421 North Bennett Heights
8atavia, NY 14020
716-343-9116

Thank you for the invitation to this informal public hearing on the CRAFT
SEA regarding the Next Generation Weather Radar, alsc designated as
WRS-88D. Thanks also to the people at the National weather Service who
have been most gracious in facilitating my presence here today.

I am here representing myself and the members of CONRAD II1I, a citizen's
coalition opposed to the proposed siting of a weather radar tower at the
Batavia NY airport.

On page 1 of the EXECUTIVE SUMMARY of the SEA, the text reads: "The
WSR-88D Program consists of the design, siting, construction, and
operation of the 115 NWS radars in the continental United States."

We take no exception to the need for better weather reporting. We are not
happy that in our area the NWS is using equipment from 1957. We heard,
however accurately, that until recently the vacuum tubes for this system
were available only from a factory in the former Soviet Union. That's sad.

... the design, construction and operation of the 115 NWS radars in the
continental United States” (Supplemental Environmental Assessment, p.1)
are not an issue for us. We are concerned solely with SITING.

The proposed site for the radar tower in Batavia NY 1is partially on
Genesee County Airport property. The site is within a few hundred feet of
the New Hope Fellowship Church and its Day Care Center. It is within one
and half miles of approximately 262 residences.

So that you may clearly understand our stance, we say that if there is a
question about the health risks from this non-ionizing radar source, it is
better to err on the side of safety. 1f people may be harmed, move the
tower away from people.

We are totally astonished that, although we admit there are two sides to
this argument about safety from the electromagnetic field, SRI of
California, the author of this study has said, "no significant impact.”

1f SRI worked in the US mint, they might produce the first one sided coin.

We say, if there is to be an error in the siting of these radiating
sources, let it be on the side of safety for people who live, attend
school or work proximate to the WSR-88D tower. This tower will be
radiating 24 hours per day for the next 20-25 years.

My wife and I have been studying this issue for 26 months. We have
gathered data from innumerable sources and, inductively, have arrived at
our conclusions. No one has reviewed my comments, except my wife. I speak
as a layman on these matters,




THE MOSCOW STORY
STATEMENT IN SEA: pp. B-16 and B=17

"The U. §. Embassy in Moscow was Trradiated with low-level RFR from 1953
wuntil February 1877. Lilienfeld et al (1978) conducted a study on the
health of U. 8, personnel assigned to the Moscow embassy during that
period. The authors 1dentified 1827 employees and 1728 dependents as
having been at that embassy during the 1953 - 1876 period.

The controls consisted of 2561 employees and 2072 dependents assigned to
embassies and consulates in Budspest, Leningrad, Prague, Warsaw, Belgrade,
Bucharest, Sofis and Zagreb during the same period. Periodic tests for
RFR at those control sites showed only bachground levels.

No convincing evidence was discovered that would directly implicate the
exposure to microwave radiation experienced by the employees at the Moscow
Embassy in the causation of any adverse health effects as of the time of
this analysis, "

COMMENT: More than 50% of the Americans studied when the Embassy was
irradiated with low-level RFR (certainly not at the BAD peak pulse levels)
lived and worked there for a short period of time. WSR-B8D residents will
have NEXRAD radar cperated 24 hours per day for the next 20 - 25 years.
Even to hint that this study, if valid, would apply to the weather radar
tower, is invalid.

David B. Lehrmar, M.D. and Chief of Radiation Therapy and Radiation
Oncology, New Rochelle Hospital, writing for the NYS ASSEMBLY hearing of
HMay 10, 1980 in West Sayville said: "It may take a period of five years
for a Teukemia to develop and a period of twenty to thirty years for solid
tumors to develop after exposure to various forms of radiation.” The
Litienfeld study was completed 1 year after the radiating stopped (1878),

Incidentally, our whole issue 18 not cancer problems. I'"11 guote Dr.
Lehrman again: "Other health hazards such as the hastening of
athero-sclerosis, cataract formation and infertility problems among others
have yet to be fully researched.”

& further comment by Dr. Joel Ray in an article titled "Invisible Energies
{The Bookpress, Vol 2, #1) said the Moscow evaluations, done in secrecy
and embreiled in controversy, showed blood samples with significant
numbers of chromosocne abnormalities.

CONCLUSION: The Lilienfeld study used by SRI in developing this SEA to
prove there was no problem, does not bear transfer to the Weather
Service's radar for the reasons menticned. It is not a valid argument n
the SEA's "Finding of No Significant Impact {(hereafter referred to as
FOMET ).



THE MILITARY STORY
STATEMENT IN SEA B-16:

On p. B-16, the SEA uses a study of military personnel exposed to RFR in
its argumentation that radar in 88-D's will pose no health problems.

“"Robinette and Silverman (1977) chose 19,965 men who had served in the
Navy during the Korean wWar whose Jjob titles of Electronics Technician,
Fire Control Technician, or Aircraft Electronics Technician appeared to
classify them as electronic-equipment repair technicians...For the control
group, the authors selected 20,726 Naval men...considered...to presumably
have had little occupational exposure to RFR...no statistical association
was found between health effects and presumed RFR exposure.”

COMMENT: Dr. Stanislaw Szmigielski, who in 1985 was at the Center of
Radiobiology and Radioprotection in Warsaw, Poland, worked with a team of
researchers in studying radar’s impact on servicemen. Dr. Szmigielski and
his collaborators spent two years analyzing all cancer cases reported from
71 - 80 in the total population of career servicemen in the Polish
military. They also ascertained the length of time each patient was
exposed to RF/MW radiation and the location of each type of tumor. As of
1985, this was, by far, the largest epidemiological study of the effects
of non-ionizing radiation ever completed.

The results: a tripling of the incidence of cancer among miltitary
personne) exposed to radiofrequency and microwave (RF/MW) radiation as
compared to unexposed servicemen. "The observed cancer rish was greatest
for the blood-forming organs, the lymphatic tissues and thyroid gland.”
According to the results, the odds of developing cancer increase with
length of exposure and are greatest for younger age groups.

Overall, servicemen who worked with RF/MW radiation were 3.1 times more
likely to get cancer than those in other military occupations. The
research team also noted a "high correlation” between the chance of
developing cancer and the number of years of exposure.

Statistical analysis revealed ti at the relative incidence of cancer was
highest for the youngest age group. The 20 - 29 year-olds who were exposed
to RF/MW radiation had a 550 percent greater chance of getting cancer tnan
those n the same age who were not exposed. Cancer risks for the exposed
group decreased with age but were still statistically significant for all
age groups, especially for those under 50. Source: MICROWAVE NEWS, vel. v
No. 2, March 1985,

CONCLUSION: Understandabtly, SRI did not even mention this study in the
bibliography because it would not logically lead “o a FONSI. The
Szmigielski work has both national and international credibility - and cur
citizen's group stands with its conclusions.

(Incidentally, Dr. Szmigielski initiated a 5 year prospective study - the
prior one was retrospective - on the same topic around 1985. In an interim
report after a year and a half, there was support for the earlier finding
indicating higher morbidity from all malignancies with relation to
duration and intensity of RF/MW exposure.)

.



THE ANSI GUIDELINES

STATEMENT IN SEA P. 34 “Taken collectively, the epidemiological stud’es
reviewed yielded no reliable evidence that chronic exposure to RFR at
levels within U. 8. exposure guidelines are ha-ardous.”

COMMENT: The American National Standards Institute (ANSI) standards issued
in 1984, like their 1966 predecessors, were based on the faulty premise
that thermal effects alone can cause adverse health conditions. If it
doesn’t heat, it doesn't hurt! There is a growing body of khnowledge
affirming that there are deleterious health effects from non-thermal
exposure to non-ionizing radiation. Since ANSI standards do not even tale
into consideration this possibility, they are not an appropriate critericn
for assuring no risk to health. Most probably, no one presently hnows
what adequate standards are or what a safe level of exposure is.

Dr. Arthur Guy's study of 1885, a $5 million project in which rats were
exposed to microwaves for periods of over 25 months or so, actually
"disproved” the theory that only thermal effects were possible. (Dr.
Robert O. Becker, CROSS CURRENTS, 1991, p. 197). Of course that was
scarcely the intent of the research - but it turned out to be a
by-product. Still our point remains, that ANSI standards prove nothing
about safety because they are built on a faulty premise.

The Congressional Office of Technology Assessment, in June of 1989, issued
a 103 page document. The authors were Drs. Nair, Morgan and Florig of
Carnegie Mellon in Pittsburg. They stated that setting a safe limit at
this time cannot be scientifically supported and might potentially do
“more harm than good."” (Quoted in MICROWAVE NEWS, Vol.. 1X, #4). So when
the SEA asserts no evidence of hazard at levels within U.S standards,
we're totally unimpressed.

In a letter to our Batavia NY group on March 27, 1990, Dr. Stephen Cleary
from the Medical College of Virginia said: “Epidemiological studies have
revealed an unexpected relationship of exposure to electromagnetic
radiation at microwave, and lower frequencies and cancer incidence. To
date, questions regarding the types of exposures that may affect cancer
incidence remain unanswered. In other words, it is not possible to state a
safe level of exposure in the absence of adequate information.”

And further on in his letter he tells of..."the evidence indicatirng that
microwave radiation affects living systems via mechanisms other than
heating. The potential significance of this is to draw into question the
adequacy of safety guidelines such as ANSI C385.1 that are based upon the
thermal effects premise.”

Dr. Leo Birenbaum, in a Jletter for the N.Y. State Assembly hearing in West
Sayville, New York, stated that “No one ig yet able to say just what a
‘'safe’ exposure level is. The ANSI standard is a consensus number arriveg
at by agreement among many people, rather than a threshold number, clearly
defined by medical evidence, below which safety lies.” (Dr. Birenbaum is
a Research Associate Professor, Electrical Engineering and Electrophysics,
New York Polytechnic University.)

CONCLUSION: We reject the false assurance offered by the ANSI standards
because they rely on a faulty premise and unverifiable numbers.
o
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THE SELECTIVITY STORY
STATEMENT IN SEA p. 34:

"Taken collectively, the epidemiological STUDIES REVIEWED yielded no
rellable evidence that chronic exposure to RFR at levels within U.S.
exposure guidelines are hazardous."”

COMMENT: The emphasis here is on the words STUDIES REVIEWED. From our
reading, we certainly had expected that the following authors and studies
would have been included in any objective study of the issue.

1. Dr. Stanislaw Szmigielshi, previously quoted, had by far the
largest epidemiological study of the effects of non-ionizing radiation
ever completed as of 1985. The exposed group was 3.1 times more likely to
get cancer than those in other military occupations. (Quoted in MICROWAVE
NEWS, Vol. V #2)

2. Dr. Szmigielski’s prospective study, in its preliminary report in
1987, affirmed the retrospective study's results. Couldn't there been
some updated report on these data in the 1992 SEA?

3. Dr. A. W. Guy's 1983-1985 nine volume work on the effects of
long-term low level radio frequency radiation exposure on rats was
analyzed by the Environmental Protection Agency in 1990. 1In part, the EPA
report said this “long term animal study provides evidence that pulses
({EMF’s) in the absence of an appreciable tissue heating effect, induce
carcinomas generally across all tissues of the body without being
Jocalized to any site..... The study can be said to demonstrate that
pulsed RF fields are carcinogenic.” (Quoted in MICROWAVE NEWS, Vol X, #4)

Of Guy's nine volumes, Volume 2 alone was cited in the bibliography of
this new SEA, although I did not find any reference to it in the text. (It
may be there; 1 did not find it.) Certainly, the conclusion that the EPA
evaluation gave to Dr. Guy's research could not possibly have led to the
FCNSI nor to the sweeping statement quoted on p. 34 of SEA.

4, Dr. David Thomas, with Paul Demers from the Fred Hutchinson Cancer
Research Center in Seattle, WA, uncovered evidence of an association
between occupational exposure to EMF's and the development of male breast
cancer. As quoted in MICROWAVE NEWS, Vol. X #4, the study "supports the
preliminary findings of a Johns Hopkins University study, reported in late
1989, showing an increased risk of male breasts cancer among New York
telephone workers