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Are the Officerg of the Ohio State Highway Patrol 
Exposed to any Known Health Hazard 

By Using Traffic Speed Monitoring Radar Devices? 

Page 1 - -  



,.| 
' . l i  

I 
,,I 
i 
I 
I 
i 
i 
I 
I 
I 
I 
I 
1 
I 
i 
i 

Executive Summary 

Thousands of articles have been written addressing the ques- 

tion of nonionizing radiation Safety, Scholars, scientists and 

experts are decisively torn over the impact this radiation is 

having on humans. Is it a mentor or murderer? Both extreme views 

have impressive advocates. 

The radar units currently used by the Patrol conform to the 

stringent standards of the American National Standards Insti- 

tute (ANSI). Proof thatPatrol radar meets ANSI standards was 

produced when units were tested by Battelle Memorial Institute and" 

reviewed bythe Bureau of Workers Compensation, Department of 

Safety and H@giene. Both Battelle and. Safety and Hygiene reported 

that the radar units used by the officers of the Patrol operate 

within all applicable standards. 

O'. 

Currently, there is no reason for the Patrol to stop using 

police radar speed monitoring devices. It is imperative, given 

todays growing knowledge bank, that thePatrol keep abreast with 

any developments in the field of nonionizing radiation. 

O 
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Relevant Facts 

The safety and well-being of officers of the Patrol using 

radar devices is of primary concern. 

Current U.S. standard for exposure to radio frequency 

electromagnetic field 10.525GHz (X-band radar) is 5mw/cm 2 

(Appendix A). 

Nonionizing radiation is absorbed at different levels based 

on the frequency used. 

Considerable research has been performed on the potential 

health hazards of low level nonionizing radiation with 

dichotomous results. 

Nonionizing radiation at intensity levels high enough to 

cause thermal increase in human tissue is not safe. 

Radar equipment is in use most of the time an officer is on 

patrol. 

An officer will be on patrol approximately 57% of their usual 

and normal annual work cycle. ~ patrol hrs. by 

1,872,926 work hrs.) 

Page -3 
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Assumptions 

Continued research and ensuing federal regulation will re- 

solve questions concerning any perceived safety hazard. 

Patrol equipment will continue to be tested on a semiannual 

basis to ensure its operation remains within manufacturers 

specifications and acceptable safety standards. 

Literature reviewed was in regard to police traffic radar 

irradiation alone. The combination of radar equipment and 

communications equipment may have differing results. 

Police traffic radar could be replaced by another enforcement 

system should probable cause show the need to do so. 

Page- 5 
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Discussion 

Survey of Literature 

There is much concern regarding the effects of devices 

emitting microwave radiation and their potential for harm to 

individuals using them. First, it should be understood that the 

radiation emitted from radar, television and radio transmits 

as well as microwave ovens, is nonionizing. Nonionizing radiation 

is at the low end of the total radiation spectrum. Examples of 

nonionizing radiation include: radio waves, microwave s and visi- 

ble light (radiation that we see: Appendix B). On the opposite 

end of the spectrum is lonizing radiation. This type of radiation L 

is emitted by some irradiating medical equipment and atomic reac- 

tions. X'rays, cosmic rays and gamma rays are examples of ion- 

izing radiation. The potential for harm by these rays is well 

known. The key that divides ionizing and nonionizing radiation is 

the ability of the ray (or wave) "to permanently change the physi- 

cal makeup of an atom. Nonionizing radiation does not have the 

ability to alter as makeup as witnessed in nuclear radiation 

effects~ 

Though nonionizing radiation cannot�9 cause permanent changes 

in atomic makeup, it can still be dangerous. In high powered 

forms it can burn, as can be observed by cooking in microwave 

Page - 6 
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ovens. There is no question in anyone's mind that microwave 

radiation at levels that can raise the temperature of it's target 

is harmful. The controversy begins when radiation intensities 

drop below the levels that cause thermal changes in it's target. 

Experts are divided on what level of radiation constitutes a 

threat to human life once below the thermal break off. 

Microwave technology was developed during World War II in the 

form of radar. Accounts of men warming themselves in front Of the 

radar antenna during this development have been recorded. In the 

1940's and 50's initial studies were performed to determine if 
o-_ .. 

radar exposure could have any harmful side effects. These, and 

many other studies, have over time culminated in the American 

National Standards Institute standard C95 (ANSI C95) initially 

published in 1966. It is important to note that ANSI is not a 

governmental agency or in any way responsible to any level of 

government. .�9 

Since the development of ANSI C95 to today, there has been 

considerable research concerning the relationship wavelength, or 

frequency, may have on absorption. However, the only real change 

in the standard was an adjustment reducing exposure to frequencies 

lower than police radar. It i~ imperative that any concept ~ of an 

exact safety limit be purged. Currently, no consensus of what 

exposure is safe has been reached. Considering radar, ANSI has 

somewhat arbitrarily decided that an exposure *of one tenth of that 

required to cause�9 thermal increase in it's target would be 
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considered safe. It would take a beam ten times above the maximum 

standard allowed to cause a temperature change. The current 

standard, ANSI 95.1-1982 indicated that maximum safe exposure for 

X band traffic radar, 10.525GHz, is 5mW/cm 2 or 5 milliwatts Of 

energy per one square centimeter of tissue (skin) over a six 

minute time duration I. The maximum total body exposure is 

0.4 W/Kg or .4 watts of absorption for each kilogram of 

tissue II-, 

Twenty traffic radar units tested by Law Enforcement Stan- 

dards Laboratory, Center for Consumer Product Technology, U.S. 

Department of Commerce, National Bureau of Standards,produced 

aperture power densities or beam intensities from .25 to 2.82. 

mW/cm 2. This range represents the intensity of the beam 

produced by the antenna without any shielding. Because of the 

shielding that is used in radar units, the power emitted from the 

rear and sides of the units range from 0.02 to <0.00i mW/cm 2 

in most situations tested. There was one specific exception when 

the radar unit was positioned on the passenger side rear seat 

facing forward. In this situation direct exposure for the passen U 

get side front seat was increased. Yet only two units showed a 

significant increase to 0.36 and 0.137 mW/cm2 w~ich is still 

far below standard acceptable exposure (Appendix C). 

I Appendix A, ANSI Safety Levels with Respect to Human Exposure ~ 
to Radio Frequency Electromagnetic Fields, 300kHz to 100GHz: 
Table i; column 4; 1500-100,000 MHz, pg i0. 

II I.B.I.D., Text under Explanation 
Page - 8 . 



Opponents to the current standards have conducted consider- 

able research attempting to prove that levels much lower than 

those currently acceptable are actually dangerou s . A large por- 

tion of the research has been in the area of nonionizing radiation 

produced by electromagnetic fields. 

A study of interest, "Brain Tumor Mortality Risk Among Men 

With Electrical and Electronics Jobs: A Case-Control Study" by 

Terry L. Thomas PH.D and associates, developed interesting con- 

clusions based on occupational exposure to both microwave and 

electromagnetic radiation. !nthis study subjectswere separated 

based ontwo criteria: exposure to microwave/radio frequency 

(MW/RF) radiation and exposure to electromagnetic fields. The 

results indicated that exposure to electromagnetic fields alone or 

in concert with MW/RF radiation resulted in a statistically sig- 

nificant increase in brain cancer formation. However, exposure to 

MW/RF radiation alone did not show a statistically significant 

increase in cancer rates. The subjects falling into the last 

category included welders and radio broadcasters. These occupa, 

tions, are classified as method i, category 2 in Appendix D. Police 

radar equipment would be classified as MW/RF radiation alone by 

this study. Also, the radiation frequencies used in this. study 

were much lower than those used by police radar. 

Several studies dealing strictly with exposure to microwave 

energy have had varied results. The first study to examine is, 

"Suppression of T-Lymphocyte Cytotoxicity Following Exposure to 
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Sinusoidally Amplitude-Modulated Fields", by Lyle, Schenchter, 

Adey and Lundak. Cells used for this experiment were from Sprague- 

Dowley rat spleens. This study suggests that exposure t0 varying 

(modulating) microwave energy reduces white blood cells 

(lymphocyte) ability to�9 foreign entities in the body 

(cytOtoxicity). Their results showed that the body's ability to 

attack disease is decreased by exposure to low level energy over a 

fairly Short period of time (2 to 4 hours). However, the base 

wave frequency used in this experiment was 450 MHz, which is below 

the frequency used by police radar (Appendix E). 

Another author, Milton M. Zaret, expounded on his observa- 

tions with radio frequency irradiation. In his study, "Radio 

Frequency Irradiation as a Factor in Human Tumors", Zaret presents I~ 

a case report of a patient that contracted cancer of the pancreas 

and a cataract in his left eye. These occurrences are a supposed 

result of long term repeat exposure to irradiation at 115 MHz and 

470 MHz. The patient's Occupation was in radio frequency equip- 

ment repair. In addition, he used a portable radio which he held 

in his left hand or attached to his bel~. A correlation is im- 

plied between left hand radio use and his left eye cataract. 

Also, abdominal radio exposure and pancreatic cancer is implied 

(Appendix F). As discussed earlier by Dr. Thomas in his research, 

the patient's professional exposure to electromagnetic radiation �9 

as a radio equipment repairman could have influenced Dr .. Zaret's 

observations. In addition, police radar equipment operates on 

frequencies much higher than those used in this experiment. 

Page - i0 



To further confound the issue, "Alterations in Protein Kinase 

Activity Following Exposure of Cultured Human Lymp~ocytes to 

Modulated Microwave Fields", by Byus, Lundak, Fletcher and Adey 

takes this murky issue and stirs it up. In this study human white 

blood cells were cultured and then exposed to low level 450MHz 

modulated radiation. The objective was to show the effects of 

radiation on the process thatuses proteins to create enzymes �9 

(kinase). A11 human cells are completely dependant on enzyme 

activity to function. Their findings showed that in the short 

run, between 15 and 30 minutes of exposure, there was a marked 

reduction in protein kinase. But, by 45 minutes of exposure, 

kinase was back to pre-exposure levels and remained there for the 

Ii 

ti 
i 

! 

l 

duration of the experiment. There is no doubt that exposure has 

an effect. However, there is no proof that in this case it has 

any long-term harmful effects (Appendix G). 

! 

! 

Reversing direction, advocates of t h e  safe use of microwave 

energy are just as confident in their position. In "The Microwave 

Problem", authors Arthur Guy and Kenneth Foster present their 

views. In this article the authors suggest that many of the 

experiments that found microwave energy harmful either could not 

be reproduced or simply by continued experimentation were found in 

l! 

! 
error. Two issues in this article are of significance to radar 

emissions: the relaxation of Russian standards from microwave 

energy exposure and an experiment that comes very close to police 

radar exposure. First, it has been along time thorn in the side 
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of ANSI that Europe, the Soviet Union and Canada have standard 

exposures to microwave energy much lower than that of the U.S.o 

Since 1986 the SoViet Union and the Warsaw Pact countries have 

changed their limits to .4 watts per kilogram for one hour, which 

is comparable to the ANSI standard of .4 watt per kilogram aver- 

aged over six minutes. 
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The second issue of interest in Foster and Guy's article is 

an experiment in long term low dose irradiation effects very 

similar to radar exposure. The experiment consisted of rats 

exposed to low dose energy of .2 to .4 W/Kg. The study was con- 

ducted for fifty-nine weeks with the rats irradiated twenty-one 

hours a day. The only significant difference was that eighteen 

exposed vs. five control rats developed primary malignant tumors. 

This would be alarming if it wasn't known that for this particular 

strain of animal the expected rate of cancer was about that of the 

exposed population. Simply, the control group did not conform to 

the cancer rate expected for its specie. When the results are 

illuminated with this information they are far less, if at all, 

conclusive. 

Perhaps of more direct concern are radar units that do not 

conform to their own specifications. Testing of twenty-four radar 

units on the market in 1984 by the International Association of 

Chiefs of Police (IACP) to determine if these radar units operated 

I exactly as the manufacturers claimed. The results interest- ~we r e 

ing. The most common criteria that radar'units failed to meet 

I 
I 
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during initial tests was processing channel sensitivity require- 

ments. Each manufacturer was then given an opportunity to make 

any adjustments needed to conform to their specifications before 

testing resumed. Once adjustments were made there were no units 

that failed outright. Various units failed on one or two minor 

points. However, none varied so far as to cause any known health 

hazard. As a result Of this testing the IACP, with the National 

Highway Transportation Safety Administration (NHTSA), has created 

a Consumer Products List of units that meet or exceed model speci- 

fications. Agencies should ensure units under consideration have 

NHTSA/IACP certification. Manufacturers may produce, under one 

model number, units that conform and do not conform to NHTSA/IACP 

model specifications. The publication will indicate which units 

have their approval and how to identify them. 

Similar to radar exposure in negative publicity is amateur 

radi0~ Studies have Produced concern for the same basic hazards 

and negative conclusions. In "Is Amateur Radio Hazardous to our 

Health?", Ivan Shulman MoDo covers much of the ground we have 

already. The major�9 between the two is that amateur 

radio utilizes a much greater power supply running close to the 

user along with powerful transmitting equipment. At the end of 

the article there are measures suggested to reduce exposure. 

Several would be well heeded by radar operators such as: do not ~ 

operate the equipment when cover panels and protective shields are 
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out of place, and use only as much power as necessary to do the 

job (Appendix G). It is interesting to note that Arthur Guy, co- 

author of "The Microwave Problem", is also an amateur radio opera- 

tor. 

! 

! 

! 

II 
II 

Taking a step back from clinical analysis, the question of 

risk assessment arises. What risks are we willing and conversely 

not wiiling to accept. In "Ranking Possible �9 Hazards" 

by Ames, Magaw and Gold, numerous carcinogens and their dose per 

exposure are presented. As an example, one very potent carcinogen 

is aflatoxin. Not only is aflatoxin a carcinogen it is also a 

mutagen, which means part of how it causes disease is by sub- 

vetting the genetic material (DNA) in living cells. By being able 

to change DNA it is playing with the very material that decides 

everything from eye color to whether a person will develop 

Alzheimer's disease. Yet every time people consume nuts, wheat, 

corn a~d to a lesser extent drink milk we are exposing ourselves 

to low levels of aflatoxin. One peanut butter sandwich, thirty & 

! two grams or just over one ounce, contains one tenth of the FDA 

limit of aflatoxin. 

In the same articie, the authors present data �9 that 

what is a carcinogen to "one test subject may be benign to another. 

To quote statistics, out of three hundred ninety two (392)differ- 

ent chemicals in the database used for the study, ninety six (96) 

were positive in mice but not in rats. Conversely, fifty six (56) 

chemicals were positive'in rats that were not positive in mice. 

Page - 14 
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If two mammals very closely related are not consistent in there 

reactions to chemicals, can we be certain any relationship exists 

linking these animals to man? Theseare all good questions with 

very few answers. 

0 
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Battelle. Study - Nonionizing Energy 

The state of Ohio contracted the internationally recognized 

scientific research organization Battelle Memorial Institute, 

Columbus operation, to measure the power densities that officers 

are exposed to operating radar, and communication devices. The 

tests were conducted December, 13 1990. Engineers used the Narda 

Model 8611 Radiation Probe measuring device, 

In every case the MPH K-55 radar unit, currently used by the 

Patrol, was well within ANSistandards. Looking at the diagram on�9 

the following page, the radar unit was centered on the front dash 

board of the patrol car. Readings were taken with the unit facing 

directly forward, rearward, and at a forty five degree angle. 

These tests accurately reproduce actual field operations. During 

the MPH K-55 testing, readings were taken for each of four passen- 

ger positions in the car. In every case, the signals were too 

weak for the probe to register. The probewas moved about the 

general area of each passenger position until the highest reading 

could be determined. Additional samples taken were: within one 

foot or less of the radar unit itself; aheadof the car at the 

front bumper and fifteen feet forward of the bumper with the unit 

aimed forward. The highest reading for the K,55 was 1.0 

mW/cm 2. This reading was obtained with the unit facing rear- 

ward and the probe twelve inches from the face of the unit. 
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Probe Test ing Sights: 

Battelle Test 
Results_ 

10 A.M. - 3 P.M. 

December 13, 1990 

H E 

B C 

�9 A,L 

A D 

G 

F 

Engine Passenger Area Trunk 

1 9 8 7  

CHEVROLET 

1989,1990 
FORD 

A - Drivers Position D - Driver Side Rear Passenger 

A,L - Drivers Right Leg E - From Bumper 

B - Front Seat Passenger F - Low Band Antenna 

C - P a s s e n g e r  Side Rear G - H i g h  Band Antenna 

H - 15' Forward of Bumper 

Antenna Sights: 

< 

Test Device: 

5 2 

3 

Engine Passenger Area Trunk 

Narda 

Radiation 
Probe: 

#1 . 3 - 1 0 0 M H z  

#2 300 Mhz to 
40 GHz 

1 - Low Band, 45 MHz, 100W 
Patrol Radio 

2 - CB, 27.065 MGz, 3.5W 
3 - High Band, 155 MHz, i 0 0 W  

LEERN Radio 

4 -' VHF Repeater, 465 MHz, S00 mw, 
on Lightbar 

5 - Radar, 10.525 GHz, 25 mw 
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The MR-7 radar, manufactured by Kustom Electronics Inc., 

proved to be well in excess of the ANSI standards when used di- 

rectly behind the officer. For testing, the unit was placed on 

both the inside and outside window positions. The power densities 

produced inside were several times those acceptable. It is impor- 

tant to note that the MR-7 was intended for exclusive outside 

mounting. By failing to folIow this requirement of operation 

could expose themselves to excess irradiation. 

Strictly from a perspective of the radar units currently used 

by the Patrol, there is practically no measurable exposure in- 

volved in their use. 

The same is not true of the communications equipment. First, 

radio equipment is only producing radiation when transmission is 

taking place. During the vast majority of a shift an officer will 

be listening to other transmissions. On several occasions when 

the 100 watt transmitters were used the rear seat passengers were 

exposed to short term power densities well beyond the ANSI stan- 

dards during transmission. Additionally, excessive readings were 

registered when the probe was placed within inches of the antenDa 

broadcasting. However, recall that the ANSI standard requires 

exposure to be measured over six continuous minutes. When mea- 

surements are averaged over the required six minutes, the overall 

levels fall within, or close, to the ANSI standard. Considering 

that the average transmission lasts 5 to 15 seconds with a break 
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of 3 to 5 times that, the average exposure for six minutes drops 

significantly. 

Until now only the ANSI standards have been discussed, howev- 

er, there are other standards that can come into play. The Occu- 

pational Safety and Health Administration (OSHA) has it's own 

standards for acceptable industrial exposure. Basically, the 

measurements and time durati0n are the same, but the maximum 

exposure for all communications equipment is I0 mW/cm 2 rather 

than the 1 to 5 limits used by ANSI. Under these conditions, the 

equipment used by the Patrol is well Within OSHA standards. 

Detailed speculation of the combined effects of both radar and 

communications devices is beyond the scope of the Battelle find- 

ings. 
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Bureau of Workers Compensation 

Division of Safety & Hygiene 

The Division of Safety & Hygiene (S&H), at the request of the 

Patrol, reviewed the Battelle study discussed in the previous 

chapter. The purpose was for S&H to assess the health effects of 

using the communications and radar equipment. 

S&H came to five conclusions concerning the Battelle study. 

First, the vehicular repeater, citizens band radio, and cellular 

telephone, "...were of sufficiently low power s be of little 

concern. "III They also confirmed that the K-55 radar units 

never exceeded the ANSI standards. 

Second, S&H concluded that the hand-held madios were not a 

concern, even though one measurement was above ANSI standard. The 

reason being, the ANSI standard has exclusions for hand-held, 

mobile, and marine radios$ The standard is designed to measure 

absorption over the whole body and when the readings are inter- 

preted in that light, the standard is not broken. 

Third, both the high and low band radios were determined to 

be safe. The Patrol advised S&H that the maximum time duration of 

III Bureau of Workers' Compensation, Division of 
2-21-1991, pg I. 

Page - 2 0  
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communication is ten minutes. 

of thirty seconds is spent transmitting. Remember that signifi- 

cant irradiation occurs during transmission. Taking into consid- 

eration that the ANSI standards are based on an averaged 

continuous exposu~, over six minutes, the radios remain within all 

applicable limits. 

Also, out of every minute a maximum l 

! 

! 
-, . 

! 

Fourth, the MR-7 radar was designed for external mounting 

only. The readings that exceeded ANSI standards were based on 

having the unit installed inside the rear window. The readings 

were taken in the front seat position directly forward of the 

unit. Logically when the unit is operated according to manufac- 

turers external specifications, the excessive irradiation effects 

are corrected. 

Finally, S&H stated that there is a potential for localized 

effect or burning from holding onto an antenna. This statement 

refers to the communications antennas. Officers would not handle 

will be used at a time. In these cases the power exposures would 

! 

! 

! 

! 

i. 

! 
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be additive. However, consideration must be given to each fre- 

quency and.how the human organism absorbs it. In the Strongest 

! 
I 

damaged appliance electric cords while connected to current. I 

Antennas are similar t0bare wires when transmitting. It is 

important that o f f i c e r s  respect  the energy sources  u t i l i z e d .  l 
, 5  

All of the testing to date has been with only one unit oper- I 

ating at a time. Under normal conditions more than one device I 
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! case with a MR-7 operating outside the rear window and normal 

g! 

radio use, o..no cumulative overexposures would be 

�9 expected. "IV 
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Questions were also raised concerning Patrol radio techni- 

cians who are exposed to radar units at close range. In reality, 

these is insufficient evidence to prescribe any specific safety 

requirements. S&H, however, suggests that there may be some 

potential hazard. One crucial factor to be considered is that 

technicians will be working with units that are malfunctioning. 

i Therefor, technicians potentially are at higher risk to excessive 

exposure than any f~ officer. 

L 

The remainder of the response to S&H reiterates topics and 

issues already discussed. Simply, there is no known reason to 

discontinue the use of radar. It is important that these units 

are used according to manufacturer's specifications. As with any 

device, improper use can result in health hazards. 

I 

II 

II 

II 

I 

I 

I 

r 

IV Bureau of Workers' Compensation, Division of Safety and Hy- 
giene, pg 3. 
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Conclusions 

To draw any concrete conclusions from the some ten thousand 

publications concerning nonionizing radiation would be a Herculean 

! 

I 

I 
feat. The greatest scientists, researchers, professors and physi- i 

cians of our time have not been able to agree on hardly anything :~ 

concerning this issue. Reflecting on the extremely small number I 

i / ~ 

of articles mentioned in this document, either mankind is plunging 

headlong into it's own demise or we are harnessing a media that 

provides the answer to manylof our aspirations for future explora- 

tion and development. 

Continuous exposure to anything has an effect. Increased. 

! 

a 

I 
n 

running, jogging or walking will cause calluses on the foot to it 

thicken and joints t~ wear. Yet, medical ~ experts recommend people i 

increase these activities to prevent heart disease and hopefully 

extend life. Any activity will have a different effect on each 

person engaging in it. Every person will absorb nonionizing 

i energy differently depending On many factors known and unknown. 

o 

With few exceptions, every officer using radar speed moni- 

toring devices also owns and operates amicrowave oven~ These 

ovens operate at 2~ GHz and according to ANSI standards must 

comply with the same maximum power density exposures'as traffic 

radar devices. However, microwave ovens produce electromagnetic 
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fields at five hundred (500) to seven hundred (700) watts which is 

hundreds of times more powerful than traffic radar. Durations of 

operation widely vary, but the_potential fQr excess irradiation is 

far more likely. For those highly sensis these risks<would 

be unacceptable. 

Realistically speaking, uncontrolled fear of what is current- 

ly unknown is less than prudent. It is wise to challenge accepted 

standards to ensure they remain abreast of current situations. 

However, without a consistent body of evidence for or against the 

current ANSI standard, knee-jerk reactions should be avoided. 

From the information suggesting the safe use of nonionizing 

energy in police applications, or the lack of consistent proof of 

it's danger, there is noreason to substantially alter the way 

police radar is used at this time. With the continued Outcry from 

the American public for an answer to the question of nonionizing 

energy safety, rather than more scientific double-talk, eventually 

governmental safety standards will be established. When these 

standards will be established is not even being addressed by 

individuals with the power to do so. 
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R e c o m m e n d a t i o n s  

. Any radar units being considered for acquisition should be 

checked for certification by the IACP's Consumer Products 

List V. 

. It is imperative that patrol radar equipment continue to be 

checked O n a consistent basis. Any unit found operating out- 

side of manufacturers specifications and/or ANSI standards 

should be taken out of service immediately. Efforts should 

be made to determine what event(s) occurred to cause the 

malfunction and corrective action taken. 

. Patrol proactive initial and ongoing "training must be per- 

formed to ensure radar equipment is being used for speed 

monitoring as intended by the manufacturer such as: 

a. Ensuring officers avoid any unnecessary exposure. 

For instance, turning the unit off whenever offi- 

cers are not checking for speed compliance. 

. b. Avoid directing the unit in such a manner that it is 

transmitting directly at any vehicle occupant. 

V Appendix K, Testing 
Appendix A. 

of Police Traffic Radar Device, IACP, 
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Keep officers informed of any changes in the current 

situation. The Patrol must maintain a proactive posi- 

tion in keeping employees informed of all relevant 

nonionizing radiation developments. Up front and candid 

communication should remove any disproportionate feeling 

of anxiety. 

It is essential that the Nahional Highway Traffic Safety 

Administration establish standards for safe exposure of 

officers to nonionizing radiation. There is no such standard 

at this time. 
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Glossary 

Alzheimers disease - a degenerative disorder t~-~ified by a buildup 

of aluminium in brain tissue supposed to have a genetic 

origin. 

Amplitude-Modulated (adj.) - to vary the maximum wave length, 

associated with radio. 

Carcino@enic - any substance that produces cancer. 

Cytotoxicity (adj.) - a substance having a toxic effect on cells. 

DN___AA (Deoxyribonucleic Acid) - an essential component of all living 

matter and a basic material in the chromosomes of the cell 

nucleus: it contains genetic code and transmits the heredi- 

tary pattern. 

Gigahertz - GHz - One billion cycles per second, see hertz. 

8 

Hertz - the international unit of frequency, equal to one cycle 

per second. 
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Ionizing - to change or be changed into ions (charged particles). 

Kinase - a substance that converts a zymogen into an enzyme. 

Leukoc~:es - a White or colorlessnucleated cell that appears for 

our purposes in areas of inflammation Or infection. Exam- 

ple: white blood cells 

Lymphocyte - a colorless weakly motile cell constituting 20 to 

30% of normal human blood. See Leukocyte. 

Megahertz - MHz - One million cycles per second, see hertz. 

Microwave - designating or of that part of the electromagnetic 

spectrum generally regarded as lying between 300 GHz and 300 

MHz. 

Milliwatts per centimeter squared - one 

each centimeter squared. 

thousandth of a watt for 

Mutagen - any agent or substance capable of noticeably increasing 

the frequency of some inheritable characteristic (Mutation). 

Nonionizin 9 - cannot change or be changed into ions (Charged 

particles). 
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Radar - any of several systems or devices using transmitted and 

m 

m 
reflected radio waves for detecting a reflecting Object. 

�9 

Sinusoidally - (adj.) the curve whose Ordinates are proportional 

to the sin~& of the �9 with the equation y = a sin x. 

Teratesm ~ anomaly of organic form and structure. 

Watts per kilogram - one watt for each kilogram (appx. �9 Lbs,). 

I 
! 

m 

m ~ 

m 
, Wavelength - The distance, measure in the direction of progression m 

of a wave, from any given point to the next point character- 

ized by the�9 phase. 

Zymogen - a protecolytic enzyme that is secreted in living �9 

and can be activated by catalyses (ashby a kinase, see 

kinase). 

! 

m 

! 

! 
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�9 American National Standard 

An American National Standard implies a consensus of those sub- 
stantially concerned with its scope and provisions. An American 
National Standard is intended as. a guide to aid the manufacturer, 
the consumer, and the general public. The existence of an American 
National Standard does not in any respect preclude anyone, whether 
he has approved the standard or not, from manu~?~.turing, marketing, 
purchasing, or using products, processes, or procedures not conform- 
ing to the standard. American National Standards are subject to 
periodic review and users are cautioned to obtain the latest editions. 

CAUTION NOTICE: This American National Standard may be 
revised or withdrawn at any time. The procedures of the American 
National Standards Institute require that action be taken to reaf- 
firm, revise, or withdraw this standard no later than five years from 
the date of publication. Purchasers of American National Standards 
may receive current information on all standards by calling or writing 
the American National Standards Institute. 
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Foreword 

(This Foreword.is not a part of ANSI C95.1-1982, American National Standard Safety Levels with Respect to 
Human Exposure to Radio Frequency Electromagnetic Fields, 300 kI-Iz to 100 GHz.) 

In 1960, the American Standards Association approved the initiation of the Radiation Hazards 
Standards project under the co-sponsorship of the Department o f  the Navy and the Institute of 
Electrical and Electronics Engineers~ The scope was defined as follows: 

"Hazards to mankind, volatile materials and explosive devices which are created by man-made 
sources of electromagnetic radiation. The frequency range Of interest extends presently from 
10kHz to 100 GHz. It is not intended to include infrared, X-rays, or other ionizing radiation." 

Presently, the Co-Secretariat of the American -National Standards Committee C95 are the Naval 
Electronic Systems Command of the Department of the Navy and the Institute of Electrical and 
Electronics Engineers. The committee has six subcommittees concerned With: 

I Techniques, Procedures, and Instrumentation 
II/HI Terminology and Units of Measurements 
IV Safety Levels and/or Tolerances with Respect to Personnel 
V Safety Levels and/or Tolerances with Respect to Electro-Explosive Devices 
VI Safety Levels and/or Tolerances with Respect to Flammable Materials 
VII Medical Surveillance 

To date, three standards, one guide and one recommended practice of the C95 Committee have 
been issued. They are: 
�9 ANSI C95.1-1974, American National Standard Safety Level of Electromagnetic Radiation With 

Respect to Personnel 
ANSI C95.2-1981, American National Standard Radio Frequency Radiation Hazard Warning 

Symbol 
ANSI C95.3-1979, American National Standard Techniques and Instrumentation for the Measure- 

ment of Potentially Hazardous Electromagnetic Radiation at Microwave Frequencies 
ANSI C95.4-1978, American National Standard Safety Guide for the Prevention of Radio- 

Frequency Radiation Hazards in the Use of Electric Blasting Caps 
ANSI C95.5-1981, American National .Standard Recommended Practice for the Measurement of 

Hazardous Electromagnetic Fields -- RF and Microwave 
This standard prescribes recommended radiation protection guides to prevent biological injury 

from exposure to eleCtrOmagnetic, radiation. Major revisions of the original version of this standard, 
ANSI C95.1-1974, were made to take into account the significant expansion of the data base, 
improvement in the dosimetry, and the increasing number of people in the general population 
exposed to radio-frequency fields. The changes in the standard include a wider frequency coverage, 
frequency dependence resulting from the recognition of whole body resonance and incorporation of 
dosimetry, expanded, application to the general population and guidelines for partial body and near 
field exposures. 

The standard contains a detailed discussion (Section 6) of both the rationale and the limitations 
of the recommended guidelines based on the present data base. Sufficient information concerning 
t h e  effects o f  various parameters such as modulation and long-term exposure on the Radio Fre- 
quency Protection Guide is not available to substantiate further refinement of the guide. However, 
as more knowledge is gained, the guide may be mod~md. 

SuggestiOns for imtir0"~ement gained from using this standard are welcomed. They should be sentto 
The American National Standards Institute 
1430 Broadway 
New York, NY 10018. 
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American National Standard Safety Levels with 
�9 Respect to Human EXposure tO Radio Frequency 

Electromagnetic Fields, 300 kHz to !00  GHz 

I. Scope and Purpose 

Recommendations are .made to prevent p o s -  
sibleharmful effects in human beings exposed 
to electromagnetic fields in the frequency 
range from 300 kHz to 100 GHz. These recom- 
mendations are intended to apply �9 non, 
occupational as well as to occupational expo- 
sures. These recommendations are not intended 
to apply to the purposeful exposure of patients 
by or under the direction of practitioners Of 
the healing arts. 

2. Defmitions 

radio frequency protection guides (RFPG). The 
radio frequency field strengths or equivalent 
plane wave power densities which should not be 
exceeded without (1) careful consideration of 
the masons for doing so, (2) careful estimation 
of the increased energy deposition in the human 
body, and (3) careful consideration of t he  
increased risk of unwanted biological effects. 

specific absorption rote (SAR). The time rate 
at which radio-frequency electromagnetic en- 
ergy is imparted to an element of mass of a 
biological body. 
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Table I 

Radio Frequency Protection Guides 

Frequency 
2 s 

Range 
(MHz) 

0 . 3 - -  
3 -- 30 

30 -- 300 
300 -- 1500 

1500 --i00000 

Power 
E= //2 Density, 

(V2/m2) (A2/m2) (mW/cm2) 
3 400 000 2.5 100 

4000 (900If=) 0.025 (900/f~) 900/f~ 
4000 " 0.025 1.0 
4000 (f/300) 0.025 ~,,~00) f /300 

20 000 0.125 5.0 " 
Note: I' = ~tumcy (MHz). 

I 
! 

I 
field strengths and in terms of the equivalent 
plane-wave free-space power density, as a func- 
tion of frequency, are given in Table I. 
For near field exposures, the only applicable 

protection guides are the mean squared electric 
and magnetic field strengths as given in Table I, 
columns 2 and 3. For convenience, these guides 
may be expressed as the equivalent plane wave 
power density, given in Table 1, column 4. 
For mixed or broadband fields at a number 

of frequencies for which there are different 
values of protection guides, the fraction of the 
radio frequency protection guide incurred 
within each frequency interval should be 
determined, and the sum of all such fractions 
should not exceed unity. 

4.2 Exclusions 

(1) At frequencies between 300 kHz and 
I00 GHz, the protection guides may be exceed. 
ed if the exposure conditions can be shown by 
laboratory procedures to produce Specific ab- 
sorption rates (SARs) below 0.4 W/kg as aver- 
aged over the whole body, and spatial peak 
SAR values below 8 W/kg as averaged over any 
one gram of tissue. 
(2) At frequencies between 300 kHz and 

I GHz, the protection guides may be exceeded 
if the radio frequency input power of the 
radiating device is sevenwatts or less. 

4 . 3  Measurements 
(1) For both pulsed and non-pulsed fields, 

the power, density, the squares of the field 
strengths, and the values of  specific absorption 
rates (SARs) or input power, as applicable, are 
averaged over  any 0.1 h period~ The time- 
averaged values should not  exceed the  values 
given in Table 1 or in the Exclusi0ns, 4.2: 

(2) Measurements to determine adherence to 

1 0  

the recommended protection guides shall be 
made at distances 5 cm or greater from any 
object (refer to ANSI C95.3-1979 [39] 1 ). 

5. Explanation 

Exposure to electromagnetic fields in the 
frequency range under consideration is but one 
of the several sources of energy input into the 
body, which requires wide ranges of energy 
production and dissipation in order to func- 
tion. For situations involving unrestricted expo- 
sure of the body, the radio frequency protection 
guides are believed to result in energy deposi- 
tion averaged over the entire body mass for any 
0.1 h period of about 144 joules per kilogram 
(J/kg) or less. This is equivalent to a specific 
absorption rate (SAR) of about �9 watts per 
kilogram (W/kg) or less, as spatially and tem- 
poraliy averaged over the entire body mass. 
Biological effects data applicable to humans 

for all possible combinations of frequency and 
modulation do not exist. The radio frequency 
protection guide, therefore, �9 has been based on 
the best available interpretations of the litera- 
ture and is intended to eliminate adverse effects 
on the functioning of the human body. 

Exclusion criterion ( 2 ) i t o  the protection 
guides can., be used in relation to fields from 

low power devices such'as hand-held, mobi le ,  
and marine radio transceivers. These devices 
may emit localized fields exceeding the protec- 
tion guides, but will result in a significantly 
lower rate of energy absorption than allowed 
for the whole body average. Thus, exposure to 

1 The nttmbem in brackets correspond to the References 
listed in Section 3 of this.standard. 
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fields emitted by devices operating at I GHz or 
lower and at less than 7 W output power would 
not be restricted. Exposure to fields from de- 
vices with greater .output power or operating 
at frequencies above 1 GHz require a case-by- 
case analysis to determine if exclusion criterion 
(1) is applicable. 
Because of the limitations of the biological 

effects data base, these guides are offered as 
upper limits of exposure, particularly for the 
population at large. Where exposure conditions 
are not  precisely known or controlled, exposure 
reduction should be accomplished by reliable 
means to values as low as are reasonably 
achievable. Exposures slightly in excess of the .... 

r a d i o  frequency �9 protection guides are not  
necessarily harmful, however,�9 such exposures 
are n o t  desirable and should be prevented 
wherever possible. 

6. Rationale 

American National Standards Institute (ANSI) 
policy requires that each of its standards or 
guides shallbe reviewed at five year intervals. 
At the time of expiration, the standard or 
guide may be retained, revised~ or rescinded in 
accord with the consensus of the reviewing 
body. In 1974, the members of the reviewing 
body, ANSI Subcommittee C95-IV, retained 
most of the provisions of the previous guide, 

�9 but qualified the recommended exposure rnnits 
on power densities by specifying limits on 
strengths of both field components (electrical 
and magnetic) Of radio-frequency electromag- 
netic (rfem) fields. 
During 1978, 1979, and 1980, members of 

Subcommittee C95-IV met on several occasions 
to discuss the 1974 guide and to review data 
and developments that had been forthcoming 
since its �9 From these discussions 
and reviews consensus was reached on a num- 
ber of issues and concerns. First, no verified 
reports exist of injury to or adverse effects on 
the health of human beings who have been ex- 
posed to rfem fields within the limits of fze- 
quency and power density specified by previous 
ANSI guides. Second, in spite of the absence of  
verified reports of i~jury, the physical and bio- 
logical data upon which earlier guides have 
been based are quite limited. Moreover, previous 
guides were based on the assumption that only, .  

�9 
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gross thermal effects, those borne of elevations 
of core �9 �9 potential causes of 
biological reactivity, while recognizing the 
dangers of excessive elevations of temperature 
[1], the subcommittee also recognized the 
dangers of prejudgment in light of unsettled 
questions of field-body mechanisms of inter- 
action and of emerging data that indicate the 
existence of athermal effects [3], [17], [25], 
[27].  Third, the subcommittee recognized that 
previous ANSI guides have been interpreted 
widely as occupational standards, applicable 
only to '  settings where the health status of 
exposed personnel is known and the working 
environment is under cont ro l  of the operator 
of a source Of ffem fields. In view of the rapidly 
expanding use of private and public sources 
such as citizen's band radio, and mobile and 
marine transmitters, and in recognition that  
FM and TV broadcasts constitute dominant 
sources of ffem fields in the environment of  
the average citizen, the subcommittee recog- 
nized the need for a gener~-poptdation guide. 
And fourth, the subcommittee recognized that 
previous ANSI gtfides have provided the basis 
for almost all national and industrial standards 
of human exposure to ffem fields. Accordingly, 
withdrawal of an ANSI guide was considered 
highly undesirable. Retention of the �9 
guide was also 'viewed as undesirable in the 
light of new data and developments [16]. The 
decision was made to revise the guide in spite 
of acknowledged gaps that persist in the exist- 
ing base of data [17],  [22] ,  [27].  
The-1982 Radio Frequency Protection Guide 

(RFPG) is an extension of its 1974 predecessor 
with several notable refinements. 

6.1 Recognition of Whole-Body Resonance. As 
is true of the 1974 guide, the 1982 RFPG is 
based on recommendations of maximal permis- 
sible limits (MPL) of field strength or of plane. 
wave-equivalent power densities of incident 
�9 fields, but these limits are based on now well 
established findings that the body as a whole 
exhibits flequency-dependent rates of absorb- 
ing rfem energy [I], [I0], [II], [13]. Whole- 
body-averaged absorption rates approach maxi- 
mal values when the long axis of a body is 
parallel to the E-field vector and is four tenths 
0f a wavelength of the incident field. At 
2450 MHz, for example, Standard Man (long 
axis 175 cm) will absorb about half of the 
incident rfem energy. At frequencies that result 
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in maximal absorption, which defines whole- 
body resonance, the electrical cross section of 
an exposed body increases in area. This in- 
Crease occurs at a frequency near 70 MHz for 
Standard Man and results in an approximate 
sevenfold increase of absorption relative to that 
in a 2450 MHz field [14], [15]. In considera- 
tion of this dependency , recommended MPLs 
of field strength have been reduced across the 
range of frequencies-in which human bodies 
from small infants to large adults exhibit 
whole-body resonance. 

6.2 Incorporation of Dosimetry. Dosimetry is 
the fundamental process of measuring physical 
quantities of energy or substances that are 
imparted to anabsorbing body [23], [24]. In 
1972, The National Council on Radiation Pro- 
tection and Measurements (NCRP) convened 
Scientific Committee 39 to deliberate and 
recommend dosimetric quantities and units 
applicable to ffem fields [30]. In keeping 
with the NCRPs recommendations , the ANSI 
subcommittee adopted the unit-mass, time- 
averaged rate of ffem energy absorpt ionas 
specified in SI units of watts per kilogram 
(W.kg-l). The.quanti ty expressed by these 
tfnits is termed the specific absorption rate 
(SAR) and depends on a finite period of ex- 
posure to yield the amount of energy absorbed 
by a given mass of material, which is termed 
specific absorption (SA), 2 that is, Joules per 
�9 kilogram = J.kg -I •" W.s.k% -~. 

Formally defined, the specific absorption 
rate is the time rate at which mdio~frequency 
electromagnetic energy is imparted to an ale- 
ment of mass of a biological body. 
The SAR is applicable 'to any tissue or organ 

of interest (that is, can be applied to any macro- 
molecular element of mass)or, as u~lized in the 
1982 RFPG, is expressed as a whole-body 
average. Ideally, anatomical distributions of 
SARs would be used explicitly in formulating 
a guide in reeognition�9 that absorption of rfem 

?, 

2Some authors  have xmed the terms dose rate (D) and  
dose (D) instead of, respectively,  specific absorption 
rote and specific absorption. The f fem-energy dose 
rate  ~md the SAR are identical in meaning and defini-  

�9 t ion (as are D and SA). Absorbed power  densi ty ,  when 
expressed as a volume integral,  has also been used as a 
synonym for the  SAR. The SAR is used exclusively in 
the  1982 R F P G  to prevent  confusion with dos imet r ic  
terminologyused  in the s tudy and appl ica t ion  o f  
ionizing radiat ions.  

energy from even the most uniform field can 
result in highly variable anatomical depositions 
of energy. Guy and his colleagues have estab- 
lished through thermographic analyses of 
models of rats and man, and cadavers of rab- 
bits, that peaks of the SAR can range more 
than an order of magnitude above a whole- 
body average [18], [19], [20]. Comparable 
findings have been reported by Gandhi [14]. 
However, several factors preclude explicit use 
of peak SARa: (I) the availability .of data on 
distributive SARs is limited, and (2) SAR 
distributions are highly variable since they are 
dependent on wavelength, polarization , �9 and 
zone of the incident field, and on the mass and 

�9 momentary geometry of the biological body. 
The number of the complex f~mily of SAR 
distributions approaches infinity. It is recog- 
nized, however, that a whole-body-averaged 
SAR is the mean of a distribution, the high 
side of which is an envelope of electrical hot- 
spots. These localized SARs range from mean 
to peak and when integrated with localized 
SARs of less than the mean value, equal the 
whole-body average. Moreover, for any given 
orientation of a given species in a given field, 
the correlation between the magnitude of a 
whole-body-averaged SAR and that of any 
lower or higher part-body SAR must approach 

uni ty ,  that is, if the power density of an inci- 
dent ffem field is increased, the relative in- 
crease of the whole-body SAR will be directly 
proportional to the increase of anypartc.body 
SAR. Because of" the 'invariable presence of 
electrical hotspots in the irradiated body and 
the inherent correlation between magnitudes of 
whole-body and part-body SARs, a biological 
effect induced by a localized SAR that is .well 
above the whole-body average will be reflected 
to some extent by that average. The predictive 
utility of the correlation between part and 
whole has long served clinical and experimental 
medicine in which a whole-body, unit-mass 
dosimetry underlies therapeutic administration 
of pharmacological agents. 

6.3 Expanded Data Base. The data base from 
which the 1982 RFPG was developed is consid- 
exably broader than that of the 1974 guide 
[16], [17]. After Several hundred reports in 
the biomedical literature on ffem fields were 
reviewed by members of worldng groups of 
ANSI Subcommittee C95-1V, a select list of 
experimental reports was compiled in accord 
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With several criteria; they are: demonstrability 
(that is, positive data), relevance, reproduce- 
ability, and dosimetric quantifiability. The 
reports in the select list (see Table A1, Ap- 
pendix) cover a wide range of external and 
internal field strengths associated with positive 
findings but are not representative of the data 
base because of the bias toward positive find- 
ings. This bias is �9 on two grounds: (I) 
while negative findings are useful in evaluating 
the generality of data, they cannot displace the 
positive findings upon which a rational stan- 
dard must be based, and (2) selection of posi- 
tive findings injects a degree of worst-case 
conservatism into the guide and therefore con- 
stitutes an additional factor of safety. In com- 
piling the select list of reports, the members of  
the  subcommittee often screened several studies 
from different laboratories that had yielded 

�9 positive findings of relevance to a common end 
point. For example, data from teratological 
studies of microwave irradiation have  been 
reported in many papers by Roberts Rugh and 
his associates [35] ,  [36],  [37] and by M . E .  
O'Connor and her associates [31], [32 ] ,  [33] 
yet  0nly the report  by Berman was chosen for 
inclusion [4].  This choice was made because 
positive findings were claimed at much lower 
field strengths than those employed by other 
investigators and because the periods of expos- 
ing animals are among the longest of any 
reported in the literature on microwave tera- 
tology. 

6.4 Broadened Assessment Criteria. In assessing 
positive reports of biological effects, the sub- 
committee emphasized studies that had gen, 
erated evidence of morbidity or debilitation, 
chronic or acute.  The most sensitive measures 
of  biological effects were found to be based on 
behavior [9] ,  [12] ,  [15],  [21],  [25],  [26].  
Because of the paucity of reliable data on 
chronic exposures, the subcommittee focused 
on evidence of behavioral disruption under 
acute exposures, even that of a transient and 
fully reversible character. The assumption is 
that  reversible disruption during an acute 
exposure is tantamount  to in~versible injury 
during chronic exposure. The whole-body- 
averaged SARs associated with thresholds of 
reversible behavioral disruption were found 
to range narrowly between 4 and8 W/kg 
in spite of considerable differences in carrier 
frequency (600 MHz to 2.45 GHz), species 
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(rodents versus primates), and m o d e  of irra~ 
diation (cavity, waveguide, and plane wave).  
In contrast, the time-average d power densities 
of incident radiation associated with these 
thresholds of disruption ranged (by calculation 
or measurement) from 10 to 50 mW/cm 2. 
During the assessment procedure, classificatioa 
and judgment of findings were made without  
p re judgment  of mechanisms of effects. The 
subcommittee's intent was that of protecting 
exposed human beings from harm by any 
mechanism, including those arising from exces- 
sive elevationS of body temperature. 

6.5 Two-Tier Assessment'. After the select list 
of reports was compiled, each report was 
evaluated on a case by case basis by the sub- 
committee's biologically trained scientists. The 
subcommittee's physical and biological scien- 
tists then evaluated the  reports in terms of 
reliability and evidence of adverse effects. The 
discussion focused on thresholds of adverse 
effects, the extent to which findings had been 
verified in independent investigations, and roles 
played by confounding factors. There was 
general agreement that  adverse effects of acute 
exposures are associated witl~ whole-body 
specific absorption rates (SAR) above 5 W/kg. 
On the other hand, whole-body SARs below 
4 W/kg were not by consensus associated with 

effects that demonstrably constitute a hazard. 
Some effects reported in the Eastern European 
literature were discounted because of question- 
able Control procedures and lack of informa- 
tion on environmental parameters and physical 
measurements. In addition, modulation-specifi c 
effects, such as efflux of calcium ions from 
brain materials [2] ,  [5] were not considered 
adverse because of the inability of the subcom- 
mittee's members to  relate them to human 
health.  The narrow ranges of power density 
and t h e  low and narrow range of modulation 
frequencies associated with field-induced efflux 
of calcium ions, and the authors' findings that 
the phenomenon is reversible, are factors that 
entered into the subcommittee's deliberations. 
The consensus remained that reliable evidence 
of hazardous effects is associated with whole- 
body-averaged SARs above 4 W/kg. 

6.6 Safety Factor.  To ensure a wide margin of 
safety,  an order-of-magnitude reduction in the 
permissible whole-body-averaged specific ab. 
sorption rate (SAR) to 0.4 W/kg was invoked. 

I 
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decision was nearly unanimous; one bio- 
logical scientist dissented on the grounds that a 
specific justification should be�9 given for the 
power-of-ten reduction. Different biological 
scientists offered different reasons, but beyond 
the need for a wide margin of safety, no quanti- 
tative justification was advanced. None of  the 
members of the subcommittee offered an argu: 

�9 to widen the margin.of safety. 
It is noted in FigA3 (see Appendix) that the 

majority of case reports are in the range of 
microwave frequencies; most of these reports 
are based on a frequency at or near 2450 MHz. 
This narrow data base of frequencies sheds 
little light on the relative biological effective- 
hess of ffem radiation as a function of fre- 
quency~ However, no verified theory that 
would predict frequency specificity because of 
possible athermal effects has been advanced. In 
the absence of any contrary experimental or 
theoretical evidence the subcommittee assumed 
no wavelength dependencies beyond those of 
depth o f  penetration and whole-body reso- 
nance. Given�9 these assumptions, the physical 

�9 scientists of the subcommittee were asked to 
determine frequency-dependent limits of ex- 
posure. The results of theoretical calculations 
and experimental modeling of absorbed energy 
for various conditions of human exposure as 
reported by several authors are shown in Fig 
A2 of the Appendix (see legend to Fig A2). 

The SAR envelope for piane-wave exposures 
at 1 mW/cm 2 as a function of frequency was 
determined for human beings from small in- 
fant ~ iargeadult (see curve 16, Fig A2). The 
maximal permissible limit (MPL) was deter- 
mined from 300 kHz to 100 GHz. The results 
are shown in Fig A1 of the Appendix. Above 
1:5 GHz the curve is .assumed to be fiat It 
should be noted that ~urve 16, Fig A2, is not 
extended above 1 GHz, but the general trend 
of flattening with frequency is indicated by all 
other curves of Fig A2. As frequency decreased 
below 30 MHz, the quantity of rfem energy 
absorbed by human beings of any size decreases 
substantially. Nonetheless, it was recommended 
that field strengths at  frequencies below 3 MHz 
be l imited to those associated with a plane~ 
wave-equivalent power density of 100 mW/cm 2. 
This lim/t is intended to prevent reactions at 
the body's surface that can occur in E fields of 
high intensity. 

The limiting rate of energy absorption of 
0.4 W/kg is predicated on a biological body that" 

is located in a linearly + " " polarized plane-wave 
field; that is, the case in which the long ~ of 
the body is parallel to the vector of the E field. 
This case presumes near-maximal absorption of 
f f e m  energy. By adopting the principle of 
maximal coupling, the subcommittee intended 
to introduce yet another element of con-  
servatism into the guide. 

. . �9 ~ �9 . .  . 

�9 6.7 Near.Field Exposures. The subcommittee 
recoguized that the assumption of a plane-wave 
exposure is simplistic and is not a realistic 
approximation of +most exposures that pose a 
risk to health; such exposures occur in relative 
close prox/mity to ffem sources in the near 
field [8], [28]. + Fortunately, because of the 
highly localized nature of the fields in the near 
zone, the whole-body-averaged SARs associated 
with them will be below those induced by plane 
waves of equivalent field strengths. 

6.8 Other Factors. I t  was recognized by the 
mbcommi.'ttee that the specific absorption 
rate (SAR), which provides the basis for 
limiting power densities, does not contain a l l  
of the factors that could be of importance in 
establishing safe limits of exposure. First, other 
characteristics of an incident field such as 
modulation frequency and peak interlsity may 
pose a risk to health. Again, the data base does 
not provide the evidence of adversity by which 
to recommend special provisions for modu- 
iated fields. There was an intuitive concern by 
some members of the subcommittee that  cau- 
tion should be exercised when individuals are 
exposed to a pulse-modulated field of high peak 
but low averaged density, or to a sinusoidally. 
modulated field, when either field has a recur- 
rence rate in the range of bioelectric rhythms.  
A supportable way of expressing this concern, 
which would be applicable to all exposed 
populations, could not be reached. 

A considerable degree o f  conservatism has 
been incorporated in the RFPG to make it 
applicable to the control of non-occupati0nal 
as well as to Occupational exposures. Accord- 
ingiy, the need for special considerations of 
environmental conditions such as extremes of 
temperature and humidity is averted. Previous 
guides have recommended reduction of maxi- 
mum permissible limits (MPLs) of power 
density in hot, humid environments in recog- 
nition of the potential thermal burden imposed 
thereunder by 10 mW/cm 2 fields [29]. This 
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RFPG effectively controls the thermally adverse 
environment by limiting the permissible rate of 
energy absorption to a level that precludes 
excessive elevations of body temperature 
[ 3 6 ] .  �9 . " 

Some of the members of the subcommittee 
expressed a concern for toxic chemical agents 
that might, be present in the environment and 
might, in combination with exposure to rfem 
fields, constitute a hazard. However, the absence 
of evidence that toxic agents are potentiated 
by weak ffem fields led the subcommittee 
to concur that the 1982 RFPGis sufficiently 
conservative to make additional precautions 
unnecessary and, particularly in view of the 
difficulty of administering such precautions 
effectively, to advise against their inclusion as 
an adjunct to the RFPG. 

6.9 Restriction on Measurement. The subcom- 
m~'ttee recognized that objects immersed in" an 
electromagnetic field at strengths below those 
specified in-Table 1 of the RFPG can produce 
a scattered field of apparent intensity greatly 
exceeding that of a primary source. T h e  
apparents t rength of a scattered field can 
be enhanced by many orders of magnitude in 
close proximity to an object and is an inverse 
function of distance from the object. The 
apparent strength is also dependent on the 
geometry of the object. Valid measurement of 
scattered fields is difficult due to the finite size 
o f  the field sensor and to its interaction with 
the object. It is also recognized that the quan- 
tity of energy tha~ can be coupled from a scat- 
tered field to a large body (that is, that of a 

human being) is small compared with that from 
the primary source. Thus, based on funda- 
mental considerations of scattering properties 
of absorbing or reflecting Objects in an ffem 
field and on consideration of the practical 
limitations of measuring instruments, i t  was 
agreed that measurements of field strengths to- 
determine adherence to the RFPG are to be 
made a t  distances 5 cm or greater from any 
object. 

6.10 Special Exclusion. The subcommittee 
recognized that many low-power devices that 
are used by a large segment Of the genera/ 
population, such as .citizen's band radio, and 
amateur, PUblic-safety,/and-mobile and marine 
transmitters, may generate localized fields that 
appear to exceed the RFPG but resUlt in a sig- 

15 

6.11 Exclusion. The subcommittee agreed that 
the only practical way to cope with �9 the prob- 
lem of low-power devices was to enter an ex- 
clusion clause in the RFPG that would allow 
the power density (and local strengths) of inci- 
dent fields to be exceeded under certain condi- 
tions. Tl~e exclusion is based on the following 
considerations: 

(1) It would not violate the genera/provisions 
o f  the RFPG. The whole-body-averaged ra~ of 
energy absorption during localized exposure 
should be less than 0.4.W/kg, and anatomically 
localized rates should not exceed those that are 
expected from a whole-body exposure to a 
plane wave that results in an average specific 
absorption rate (SAR) of 0.4 W/kg. By implica- 
tion and demonstration, peak SARs in a bio- 
logical body can range more than an order of 
magnitude above the average SAR over a limited 
mass of the exposed tissue. 

(2) It would be unlikely for devices such as 
low-power hand-held radios operating at fre- 
quencies below 1 GHz and radiating at from 
power levels below 7 W to couple enough energy 
into any size human body to violate the general 
provisions of the RFPG. 

Therefore, the subcommittee included in the 
standard a provision for the exclusion of a 
particular source from the general KFPG, 
provided it could be competently shown that 
for any individual that might be exposedto 
emissions from that source the whole-body. 
averaged SAR would not exceed 0.4 W/kg and 
that any spatial peak value of the SAR Would 
not exceed 8 W/kg as averaged over any o n e  
gram of�9 tissue and over any time period of 
0.1 h. 

.It was also recognized by the subcommittee 
that .to determine whether a particular ff 
source would meet these absorption criteria 

300 kHz to 100 GHz . ANSI  
�9 C 9 5 . 1 . 1 9 8 2  

nificantly lower rate of whole-body-averaged 
energy absorption as a result of the limited area 
of exposed tissue. For example, calculation of 
field strengths and localized power densities 
in proximity to an ideal 150 MI-Iz quarter-wave 
antenna mounted on a ground plane with an 
input power of two watts (Table A2, Appendix) 
reveal that human exposure at a distance 20 cm 

�9 or less from the antenna would be prohibited 
b y  the RFPG even though the highest possible 
rate of energy absorption is less than seven 
percent of that allowed for a whole-body 

�9 exposure to a plane wave. 
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would be difficult and could be done only by 
a properly qualified l abo ra t o ry  or by an 
appropriate scientific body for a general class 
of equipment. In no case could a routine field 
survey determine conformance with the criteria 
of  this part of  the exclusion. 

The subcommittee further recognized that it 
would be unnecessary to validate the dosimetry 

c r i t e r i a  for the  application of the exclusion 
Clause if the maximal input power of  the radia- 
ting device is-seven watts or less. The seven 
watts that  is allowable under  the exclusion 
clause is, by way of comparison, more than an 
order of magnitude below power levels of 
equipment that  is routinely used in the clinic 

f o r  part-body treatment by diathermy [ 4 0 ] .  
Furthermore, it is difficult to envision any 
operating conditions where more than a small 
fraction of the ffem energy from a 7 W device 
could be absorbed by a human body. The 7 W 
exclusion should be limited to frequencies 
below 1 GHz to prevent known, adverse 
biological consequences of exposure to intense 
collimated beams. 

6.12 Time A v ~ .  The subcommittee re- 
tained 0.1 h (6 rain) as the significant period of 
time over w h i c h  exposures, the values of 
specific absorption rates (SAR) a n d  input 
power are to be averaged. 
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Appendix 

(This Appendix is not a part of ANSI C95.1-1982, American National Standard Safety Levels with Respect to 
Human Exposure to Radio Frequency Electromagnetic Fields, 300 kHz to 100 GHz. ) 

" List of Selected Reports 
Biological Effects of RFEM Fields 3 

�9 . . ' : .  

A1. Environmental Factors 

JOHNSON, R. B., MIZUMORI, S., LOVELY, 
R. H., and GUY, A. W. Adaptations to Micro- 
wave Exposure as a Function of Power Density 
and Ambient Temperature in the Rat. Abstracts, 
1978 Symposium on Electromagnetic Fields in 
Biological Systems. International Microwave 
Power Institute, Edmonton, Alberta, 1978, p 
30. 

M O N ~ ,  J. C. and HO, H. S. The Effect of 
Ambient Temperature on the Reduction of 
Microwave Energy Absorption by Mice. Radio 
Science, 12(6S), 1977, pp 257--262. 

SHANDALA, M. G., RUDNEV, M. I. and 
NAVAKATIAN, M. A. Patterns of Change in 
Behavioral Reactions to Low Power Densities 
of Microwaves. Abstracts, i 977 International 
USNC/URSI Symposium on the Biological 
Effects of Eiectromagnetic Waves..National 
Academy of Sciences, Washington, DC, 19771, 
p 88. 

A2. Behavior 

D'ANDREA, J. A., GANDHI, O. P. and LORDS, 
J. L. Behavioral and Thermal Effects of Micro- 
wave Radiation at Resonant and Non-Resonant 
Wavelengths. Radio Science, 12(6S), 1977, 
pp 251--256. 

FREY, A. H. Behavioral Effects of Electro- 
magnetic Energy. Biological Effects and 
Measurement of Radio Frequency~Microwaves, 
D. H. Hazzard (Ed.), HEW Publication (FDA) 
77-8026. U.S. Government Printing Office, 
Washington, DC, 1977, pp 11--22. 

3A number  of  preprints, either published as abstracts 
o r  available as e~itor~ally accepted manuscripts, were 
used in preparation of  the select list. In each case where 
a report has been published in an archival journal, 
reference is to the published paper. 

FREY, A. H., FELD, S. R. end FREY, B. 
Neural Function and Behavior: Defining the 
Relationship. Annals of the N. Y. Academy of  
Sciences, 247, 1975, pp 433--438. 

KING, N. W., JUSTESEN, D. R. and CLARKE, 
R. L. Behavioral Sensitivity to Microwave Irra- 
diation. Science, 172, 1971, pp 398--401. 

LIN, J. C., GUY, A. W. and CALDWELL, L. R. 
Thermographic and Behavioral Studies of Rats 
in the Near Field of 918 MHz Radiation. IEEE 
Transactions on Microwave Theory and Tech- 
niques, MTT-25, 1977, pp 833--836. 

THOMAS, J. R., FINCH, E. D., FULK, D. W. 
and BURCH, L. S. Effects of Low-Level 
Microwave Radiation on Behavioral Baselines. 
Annals of the N. Y. Academy of Sciences, 247, 
1975, pp 425--431. 

A3. Immunology 

CZERSKI, P. Microwave Effects on the Blood- 
Forming System With Particular Reference to 
the Lymphocyte. Annals of the N. Y. Academy 
of Sciences, 247, 1975; pp 232--241. 

HUANG, A. T., ENGLE, M. E., ELDER, J. A., 
KINN, J. B. and WARD, T. R. The Effects of 
Microwave Radiation (2450 MHz) on the Mor- 
phology and Chromosomes of Lymphocytes. 
Radio Science, 12(6S), 1977, pp 173--177. 

SHANDALA, M. G., RUDNEV, M. I., VINO- 
GRADOV, G. K., BOLONOZHIKO, H. G. and 
GONCHAR; N. M. Immunological and Hemato- 
logical Effects of Microwaves at Low Power 
Densities. Abstracts, 1977 USNC/URSI Inter- 
national Symposium on the Biological Effects 
of Electromagnetic Waves, National Academy 
of Sciences: Washington; DC, 1977, p 85. 

SMIALOWICZ, R. J., KINN, J. E. and ELDER, 
J. A. Exposure of Rats In Utero Through Early 
Life to 2450 MHz (CW) Microwave Radiation: 
Effects on Lymphocytes. Radio Science, 
14(6S), 1979, pp 147--154. 
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BERMAN, E., KIN, J. B. and CARTER, H. B. 
Observations of Mouse Fetuses After Irradia- 
tion with 2.45 GHz Microwaves. Health Physics, 
35, 1978, pp 791--801. 

AS. Central Nervous System/Blood-Brain. 
Bander 

ALBERT, E. N. Light and Electron Microscope 
Observations on the'Blood-Brain Barrier after 
Microwave Irradiation. Bid~,gic~ Effects and 
Measurements of  Radio Frequency/Microwaves, 
Hazzard, D. G. (Ed), HEW Publication (FDA) 
77-8026 U.S. Government Printing Office, 
Washington, DC, 1977, pp 294--304. 

BAWIN, S. M., KACZMAREK, L. ]L and ADEY, 
W. R. Effects of Modulated VHF Fields On the 
Central Nervous System. Annals o f  the IV. Y. 
Academy of  Sciences, 247, 1975, pp 74--81. 

BLACKMAN, C. F., ELDER, J. A., WEIL, 
C. M., BENANE, S. G:, EICHINGER, D. C. and 
HOUSE, D. E. Induction of Calcium-Ion Effiux 
from Brain Tissue by Radio-Frequency Raclia- 
tion: Effects of Modulation Frequency and 
Field Strength. Radio Science, 14(6S), 1979, 
pp 93--98. 

FREY, A. H., FELD, S. R. and FREY, B. 
Neural Function and Behavior: Defining the 
Relationship. Annals of the N. Y. Academy of 
Sciences, 247, 1975 , pp 433--438. 

A6. Cataracts: None ~ 10 mW/cm 2 

A7. Genetics: None ~ 10 mW/cm 2 

A8. Human Studies: None 

A9. Thermozegulation and Metabolism 
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ADAIR, E. R, and ADAMS, B. W. Microwaves 
Modify Thermoregulatory Behavior in Squirrel 
Monkeys. Bioelectromagnetics, 1, 1980, pp 
1--20. 

DE LORGE, J. W. Operant Behavior and 
Colonic Tempemture~ of Squirrel Monkeys 
During 2450 MHz Microwave Irradiation. 

�9 Radio Science, 14(6S), 1979, pp 217--226. 

LOVELY, R. H., MYERS, D. E. and GUY, 
A. W. Irradiation of Rats by 918 MHz Micro- 
waves at 2.5 mW/cmR: Delineating the Dose- 
Response Relationship. Radio Science, 12(6S), 
1977, pp 139--146. 

LU, S. and T, LEBDA, N., �9 
S. M., PETTIT, S. and RIVERA, D. Thermal 
and Endocrinological Effects of Protracted 
Irradiation of Rats by 2450 MHz Microwaves. 
RaJ.;~ Science, 12(6S), 1977,pp 147--156. 

STERN, S., MARGOLIN, L., WEISS, B., LU, 
S. and T. and MICHA~LSON, S. M. Micro- 
waves: Effect on Thermoregulatory Behavior 
in Rats. Science, 206, 1979, pp 1198--1201. 

A10. Biorhythms 

LU,. S. and T., LEBDA, N., MICHAELSON, . 
S. M., PETT1T, S. and RI'VERA, D. Thermal 
and Endocrinological Effects of Protracted 
Irradiation of Rats by 2450 MHz Microwaves. 
Radio Science, 12(6S), 1977, pp 147--156. 

Al l .  Endocrinology 

LOVELY, R. H., Guy, A. W., JOHNSON, R. B. 
and MATHEWS, M. Alterations of Behavioral 
and Biochemical Parameters During and Conse- 
quent to 500 /~W/cm 2 Chronic 2450 MHz 
Microwave Exposure. Abstracts, 19788ym. 
posium on Electromagnetic Fields in Biological 
Systems, International Microwave Power Insti- 
tote: Edmonton, Alberta, 1978, p 34. 

LU, S. and T., LEBDA, N., MICHAELSON, 
S. M.,�9 S. and RIVERA, D. Thermal 
and Endocrinological Effects of Protzacted 
Irradiation of Rats by 2450 MHz Microwaves. 
Radio Science, 12(6S), 1977, pp !47--156. 

TRAVERS, W. D. Low Iritensity .Microwave 
Effects on the Synthesis of Thyroid H~)rmones 
and Serum Proteins, Health Physics, 33, 1978, 
p 662. 

A12. Development 

GUILLET, R. and MICHAELSON, S. M. The 
Effect of Repeated Microwave Exposure on 
Neonatal Rats. Radio Science, 12(6S), 1977, 
pp 125--129. 
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JOHNSON, R.B., MIZUMORI, S. and LOVELY, 
R. H. Adult Behavioral Deficits in Rats Exposed 
to 918 MHz Microwaves. Developmental Toxi- 
cology of Energy Related Pollutants, M. SIKOV 
and D. MALUM (Eds), 17th Hanford Sym- 
posium. Department of Energy, Washington, 
DC, 1979, pp 281--299. 

MC REE, D. I. and HAMRICK, P. E. Exposures 
of Japanese Quaff Embryos to 2.45 GHz �9 
wave Radiation during Development. Radiation 
Research, �9 1977, pp 355--366. 

A13. RF Hearing: None 

A14.  Hematology 

MIRO, L., LUBIERE, R. and PFISTER, A. 
Effects of Microwaves on the Cell Metabolism 

of the Reticulo-Histiocytic System. Biologic 
Effects and Health Hazards of Microwave 
Radiation, Czerski, P. (Ed), Polish Medical Pub- 
lishers, Warsaw, 1974, pp 89-97. 

MITCHELL, D. S., SWITZER, W. G. and 
BRONAUGH, E. L. Hyperactivity and Dis- 
ruption of Operant Behavior in Rats After  
Multiple Exposures to Microwave Radiation. 
Radio Science, 12(6S), 1977, pp 263--271. 

A15. Cardiovascular " 

REED, J. R., LORDS, J . L .  and D U R N E Y ,  
C. H. Microwave Izzadiation of the Isolated 
Rat Heart After Treatment with ANS Blocking 
Agents. Radio Science, 12(6S), 1977, pp 161-- 
165. 
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T~tble A1 
�9 ' S u b j e c t  �9 Calculation of Wh01e-Body SARs for Data in Selected Reports 

Research " Average Power Peak Power 
and Orientation �9 Frequency W/kg per Density Density Juration of Average SAR 

Paper Reference Mass "to E Field ' (GHz) mW/cm 2 Modulation (mW/cm2) (mW/cm=) Exposure (W/kg) 
M. Shandala A1 Rat Not 2:375 0.21 ' CW 0.01 -- 0.05 Not 

(medium rat) 7 h/day 0.0021 

t - ,  t..~ 

t O  

tO* 

R. Johnsop A1 
(310 g) Specified 

Applicable 90 days 0.0195 Rat Embryo (Circularly 0.918 0.30 CW 5 Not 
(in utero) Polarized (large rat) 380 h 1.5 
(445 g) Field) Applicable�9 ~ total 

Mouse Waveguide 2.45 SAR CW Indeterminate Not 20 min 
(30 -34  g) ! Measured 0.6 

Directly Applicable 

0.61 

Monahan A1 
and Ho 

D'Andrea A2 

Thomas A2 

Rat Long Axis II 
(420--450 g) to E 

Vector 

Rat Free-moving 

0.60 CW 10 

2.86 0.20 -- 0.16 1 ps Pulses 5 Unknown 
Animal 9.6 500 pps 

Not _K 55 min  
Applicable Repeated, 

Variable 

l h  

6 . 1  

1 . 0  " 

o 

Frey 
Far Field 

0.8 
A2 Rat Horizontal 1.3 0.36 0.5 ms Pulses 0.65 1.3 mW/cm= 5 m ' ~ i h  Average: 0.23 

(250 g) (medium rat) 1000 pps Maximum: 0.47 
King A2 Rat (Cavity) 2.45 0.22 Sinusoid Indeterminate Indeterminate ' 60 s 0~6 

(400 g) (estimate) 60 Hz "Repeated 

Frey A2 Rat Various 1.2 �9 Pulsed 0.2 2.1 mW/cm2 30 rain Average: 0.07 
(medium) Orientations CW 2.4 2.4 mW/cm 2 30 min Maximum: 0.86 

Lin A2 Rat.  Near Field 0.918 0.9 CW 32 Not 15min 7.2 

�9 40 Applicable 5 min 8.9 
M .  Shandala A3 Rat Dorsal, 2.375 0.21 CW 0.01 Not 

(medium) Group 90 days 0.0021 
Applicable 

Czerski A3 Mouse Dorsal, 2.95 1.1 1 ~s Pulses 0.5 42010 6--12 wks -0.55 
(20 g) Group . 1200 pps 

Huang A3 Hamster Dorsal, 2.45 1.1 CW 5 Not 
(35 g) Group ,15 mln/day 5.5 

Far �9 , i - Applicable for 5 days 

Smial0wicz A3 NeonataIRat Dorsal, 2.45 0 .7--  4.7 CW 5 Not 60 days --  
(50--90 g) Individual " 0.7 4.7 

Applicable 
Berman A4 �9 Mouse DorSal, 2.45 0.8 CW 3.4 -- 28.0 Not 

(25--33 g) Group 100 2.0 ~ 22.2 
Applicable min/day 

Bawin A5 Chick Brain (Parallel 0.147 < .003 Sinusoid < 1 --  20 mh~ 0.003 
in vitro Plate) (0.5 --  32 Hz) 

AM > 90% 
Blackman A5 Chick Brain (Crawfot~d 0.147 < .002 Sinusoid 0.75 -- ~. 20 min 0.0023 

in vitro Cell) (0, 3, 9, 

16, 30 Hz) 

O 

O 

/ 
I . _ J  slm 

Q 
I f � 9  N m m i i m ! m m P  m 
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Table A1 (Continued) 
Calculation of Whole-Body SARa for Data in Selected Reports 

�9 Subject Average Power Peak Power 
Research and Orientation Frequency W/kg per Density Density Duration of A~/erage SAR 

Paper Reference Mass to E Field (GHz) roW/era 2 Modulation (mW/cm 2) (mW/em 2) l~,_Y~nosure (W/kg) 

F r e y  A5 Rat Various 1.2 0.36 Pulsed �9 0.2 2.1 30 rain 0.06 
(225 g) Orientations 0.36 CW 2.4 2.4 30 rain 0.72 

Albert A5 Chinese Not 2.45 1.0 CW 10 Not 
Hamster Specified 1 h or 8 h 10 

�9 (35 g) Applicable for 1 day  

Lovely A9 Rat (Cfrcularly 0.918 0.36 CW 2.5 Not 8/h/day 0.9 
(316--388 g) Polarized 

Waveguide) Applicable for 13 
'. weeks 

Stern A9 Rat Dorsal 2.45 0.18 CW 5 Not 
: (385--400 g) 15 rain 0.9 

Applicable Intermittent 
Adair A9 Squirrel Long Axis [[ 2.45 0.13 CW 6 Not 15"min. 

Monkey to E 0.78 
(1 kg) Vector Applicable Intermittent 

for 3. h 
D'eLorge A9 Squirrel Dorsal 2.45 0.13 AM (120 Hz) 50 -- 30- -60min  

Monkey to 6.5 
Head !. 

Lu A9 Rat Dorsal 2.45 0.36 CW 1 ' Not 
A10 (150 g) 8 h 0.35 
A I  1 Applicable 

Travers A l l  Rat Not 2.45 0.21 C~V 8 Not 8 h/day 
: Specified 1.65 

Applicable 0, 7, 14 
or  21 days 

Lovely A l l  Rat (Circularly 2.45 0.21 CW 0.5 Not 7 h/day 
(300--350 g) Polarized 0.11 

Waveguide) Applicable for 3 
months 

Guillet and A12 Rat ' Dorsal 2.45 1.3 CW 10 Not 1 h 13 
Michaelson (Neonatal) ; "" 

(10--~25 g) Applicable 

McRee and A12 Japanese Long Axis [[ 2.45 0.8 CW 5 Not 12 days 
Hamrick Quail to E 

Embryo Vector Applicable 
(10 g) 

Johnson A12 Rat (Waveguide) 0 .918  0.5 CW 5 Not 20 h/day 
(290--310 g) 2.5 

Applicable for 19 days 
Mitchell A14 Rat 15/Group 2.45 0.5 CW 2.3 Not I or 5 h/day 

(300 g) " (Cavity) 
�9 Applicable 110 days 

Miro A14 Large Mouse Horizontal 3.10 0".9 �9 Pulsed 2 Not 145 h 

t~ 

(26--38 g) 5 Hz'--1 ms Applicable 
Reed A!5 Isolated Parallel-Plate 0.96 " -- CW Indeterminate Not 10 rain 

Rat Heart Exposure Applicable 

1.2 

1.8 

1.5 



- . a . ~ l  . . . . .  
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Table ,%2 
Field Strengths (E and H) and Power Densities in Proximity to a 

CmTent-Fed, Quarter.Wave, Radiating Monopole Antenna 

A 50 em antenna operating at 150 MHz and 2 W of input poweris assumed, as an input impedance of 36 ~I. 
Each asterisk associated with a set of field measurements denotes the spatial point of  measurement in relation to the 

,antenna. The verticel and horizontal distance between adjacent points of  measurement is 10 era. (Calculations based 
on [ 4 1 ) . )  

D is t - - , . ,e  in C e n ~ , - , , t e m  

I 
t 
I 

J 
0 10 20 30 40 ' 

E = 64 .3  Vim 48.7 32.7 24.2 . 19.3 
H -  0.00 A/m 0.0217 0.0317 0.0341 0.0348 H 

P D  = 1.10 mW/em2 0.628 �9 O.156 0.0985 m 
8 8 �9 

95,~1 45 .7  29 .8  22~4 ' l  
0.0524 0.0524 0 . 0 4 8 9  0.0456 
2.40 0.553 0.236 �9 

S . $ * tit ~ ,  

121 83.4 33.3 24.5 S 0.136 0.0856 0.0682 0.0533 
3.88 0.757 0.295 0.159 ~ '  

8 i "S 8 " ! i  
110 51,7 33.3 25.0 

0.229 0.124 - 0.089 0.0716 i 
3.72 0.708 0.300 0.193 J 

~ K ! 
I �9 * 8 $ 

50.1 32.0 26.2 22.7 :,'J 

4 .82  1.22 0,548 0.312 

ale 8 'al, 

27. 26.3 24,3 22.1 
0.375 0.188 0.125 0.0938 i 
5.31 1.33 0.589 0.332 | S S 8 S 

I0 . _ 
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Whole-Body Exposure of Human Beings 
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(1) (Inverted Triangles). Experimental results scaled 
from a saline-filled, realistic model of an adult human 
being under  grounded Conditions.** 

(2)(Sol id  Curve). Numerical calculations based on 
a block model of man in conductive contact with 
ground .1" 

(3)(Chain-Dot) .  Experimental results based on a 
realistic model of a human adult in conductive contact 
with ground.* 

(4) (Chain-Dash). Scaling of Curve 2 for ten yea ro ld  
child in conductive contact  with ground. 

(5)(Chain-Dot) .  Experimental results based on a 
realistic model of a human adult 3 cm from a ground 
plane.* 

*DURNEY. C. H., JOHNSON0 C. C., BARBER, P. W.o M~,S- 
SOUDL H., ISKANDER, M. F.~ LORDS, J, LA RYSER0 D. K., 
ALLEN, S. J. and MITCHELL, J. C. "Radiofrequeney Radia. 
tion Dosimetry Handbook. Second Edition, May 1978, Report 
SAM-TR-78-22, USAF School of Aerospace Medicine: Brooks 
Air Force Base, Texas, 1978. 

**GANDHI. O. P.o HUNT, D. L. and D'ANDREA, J. A. 
Deposition of Electromagnetic Energy in Animals and in 
Models of Man With and Without Grounding and Reflector 
Effects. RadioSeienee, 12(6S), 1977, pp 39---48. 

THAGMANN, M. J. and GANDHL O. P. Numerical ~deula- 
tions of Electromagnetic Energy Deposition in Models of Man 
with Grounding and Reflector Effects. Radio Science. 14(6S), 
1979, pp 23--29. 

(6) ( D o t t e d  Line). Empirical eqtlation developed, for a 
human adult in free space.** 

(7) (Solid Line). .  Numerical calculations for a block 
model of man in a free field; experimental data are 
shown as open squares and experimental data on 
models are shown as open triangles.**1" 

(8) (Dashed Line). Prolate spheroidal model of man in 
a free field.* 

(9) (Dotted Line). Empirical equations for a ten year 
old child.** 

(10) (Chain-Dash). Scaling of Curve 2 for a one year 
old child in conductive contact  with ground. 

(11) (Dashed Line). Prolate spheroidal model for a ten 
year old child.* 

(12) (Dashed Line). Prolatespheroidal  model for a one 
year oldchi ld.* 

(13) (Dashed Line). Empirical equations for a one year 
old child. 

(14) (Dashed Line). Prolate spheroidal model of a 
human infant.* 

(15) (Dot). Empirical equat ion for a human infant.** 

(16) Upper limit of  the SAR for human "beings 0f all  
ages and body mass. 

Power Density = 1 mW/cm=. The results of  various investigators are used for cross 
comparison. The outer envelope, curve 16, is the upper-limit SAR for the range of 
human  beings from infant  to adult (see legend). 

�9 F i g  A 2  

�9 Whole-BodY-AVeraged SAR for a Human Adult ,  
a 10 Year Old Child, a I Year Old Child, and a Human Infant 
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Corresponding to Biological Effects Reported in 
Various References of Appendix 
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Foreword 

The ~ational IIighway Traffic Safety Achninistration (}~ITSA) is engaged in 
a continuing effort to fulfill the objectives of the Highway Safety Act of 
1968. Accordingly, NHTSA has a particular interest in devices used for 
measuring vehicle speeds for law enforcement purposes. In August 1977 the 
NHTSA entered into an interagency agreement, DOT-HS-7,01697, with the 
National Bureau of Standards (NBS) for the purpose of developing performance 
standards and a qualified product list of spee d measuring devices used for 
law enforcement purposes. 

Modification 7 to the interagency agreement, initiated in July 1979, 
provided for the measur~,~nt of the ~ strength of microwave fields surrounding 
typical speed measuring radar devices, both in free space and in a typical 
working environment. This research and testing has been performed by the 
personnel of the Electromagnetic Fields Division under the cognizance of the 
Law Enforcement Standards Laboratory (LESL) of ~S. The results are 
included in this document. 

Among the tasks performed by ~he LESL for the NHTSA is the preparation 
of technical reports on the results of research and testing. This document 
is one such report. Technical comments and suggestions are invited from 
interested parties. They may be addressed to the authors, or to the 
undersigned at the National Bureau of Standards, Washington, DC 20234. 

Lawrence K. Eliason, Chief 
Law Enforcement Standards Laboratory 
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FIELD STRENGTH MEASUREMENTS OF SPEED MEASURI~G RADAR U~ITS 

R. C. Baird, R. K. Lewis, D~ P. Kremer, S. B. Kilgore* 

National Bureau of Standards 
Washington, DC 20234 
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The objective of this project was to measure the 
microwave radiation emitted by speed measuring radar units to 
obtain a data base for evaluating the potential radiation 
hazards of these devices. Measurements were taken both in 
free-space and with the radar units mounted in typical 
operating positions inside or attached to a four-door sedan. 
The free-space measurements were made at four different 
distances to determine the field strength as a function of 
distance from the radar units. Calibrated radiation level 
probes were used to measure the field strength inside the 
automobile and scan theinterior volume of the four-door sedan 
with particular attention to the driver and passenger 
locations. Twenty-two radar units were involved, and the data 
are presented in a power density format. 

Keywords: DoPpler radar; field intensity; hazard; microwave 
radiation; power density; radar unit; radiation level; speed 
measuring radar. 

I. INTRODUCTION 

I The objective of this project was to the microwave accurately measure 
radiation emitted by speed measuring radar units in order to obtain a data 
base for evaluating the potential radiation hazards of such devices. To 

HI meet this objective, the following two measurement tasks were undertaken. 
| 

LrTask i. Free-Space Measurements: Direct measurements of the field strength 
levels surrounding 20 different radar units were made in the laboratory 

I under approximate free-space conditions. In order to obtain data in the 
side- and back-lobe regions as well as ~n the direction of the main ~- beam, 
measurements were made at selected points on an imaginary spherical surface 
centered at the aperture of the radar unit. Further, measurements were made 
at several distances in order to determSne the field strength as a function 
of distance from the radar units. 

I 

I 

I 

Task 2. Vehicular Measurements: The radar units weremounted inside or 
attached ~o a four-door sedan in normal operational �9 
Calibrated radiation ~evel probes were used to measure the field strength, 
inside the automobile and to scan the entire interior volume of the vehicle, 
with particular attention to the driver and passenger locations. This task 
provided data on field strengths inside the automobile under simulated 
operating conditions. 

I 
I 
I 

*Electromagnetic Fields Division, Center for Electronics and Electrical 
Engineering. 
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2. TASK 1 MEASUP~NTS 

2ol General Approach 

The purpose of this task was to measure the field intensity in the 
region surrounding each radarunit and to determine and display the power 
density as a function of direction and distance from �9 the radar. The 
measurements were performed at the National Eureau of Standards (~DS) near- 
field scanning facility employing standard antenna measurement techniques~ 

The experimental arrangement and coordinate system are shown in figure 
I. The radar was mounted on a model mount aimed at a small receivina 
antenna (probe), and aligned so that the apertUre was in the x-y plane and 
the ~irection of - the main beam was along the z-axiswhich coincided with the 
axis of the receiving probe. The radar was then rotated (scanne~) a full 
360" about the y-axis (8 rotation} and the received signal was recorded 
at 5 ~ intervals in 8. Next, the radar was rotated by 10! about its own axis 
(~ rotation) and the e scan was�9 repeated. (Note that, as shown in figure .I, 
the %-rotation axis coincides ~ith the�9 axis fore-0.) This process of 
stepping in % and scanning in e was repeated until data had been obtained 
over the entire measurement sphere enclosing the radar. The complete 
process was repeated for several separation distances, d. 

Model / 7  "-"" "-'" " ~ 

X 

Radar ' I /  Receiving Probe 
~ = ~  �9 .~ /  [Receiver and l / 

iData Recordlng[ 
..._ ' i Syste.ms I 

d ' I  " . . . .  

Antenna 

Rotator 

Figure 1. Experimental setup used for measuring electromagnetic 
field strength in the vicinity of speed radar units. 
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' The received power, PR, picked up by the probe was determined by means'. 
I of a calibrated receiving system. The power density, W, incident on the 

receiving probe, was determined from the relation 

�9 ' 4~P. " 

�9 - . W = ~" . ( 1 )  

| 
In this equation, G is the gain of the probe and X is the free-space 

I wavelength of the energy emitted by the radar unit [I] i. �9 

2.2 Description of Measurement System . " 

I is shown schematically in figure 2 as connected The measurement system 
for power-density measurements. The signal generator, rotary-vane 
attenuator (RVA), thermistor, and power meter were only usea zn the 

I calibration process to be described later. The rest of the system 
functioned as follows. The electromagnetic (~.74) field emitted by the radar 

I was sampled by a small probe antenna. The probe output signal was detected 
in the mixer and amplified and measured in the receiver. Finally, the 
amplitude was digitized and recorded on magnetic tape for later computer 
processing. A coaxial mixer was used for the X-Band measurements and a 
waveguide mixer was used at K-Band. The receiver used was a caliDra~ea, 

I three-channel, wide-band, phase'amplitude model. " 

I R a d a r  . " Probe Mixer ' " 

o 

_, 
| Aux"'a~/ '<~, i l  ! I I I  Antenna . . . ~ J  I ', ~ I I ,, .10, ,mw 

~,.n., I . w  ~ . I I I ~ m Generator ,| ' ~ J J Tape J 

m . 
Figure 2. Schematic diagram of measurement system, us~ to determine 

power density. As shown here, the sysuem connected 
I for measuring the probe output produced by an incident 

electromagnetic field. The auxiliary antenna and 
circuit provide a stable reference signal to which the 
receiver is phase locked. A 1 mW calibrating signal 
is established at point A by means of the calibrated 
thermistor, power meter, and rotary-vane attenuator 
(RVA). 

! 

I 
I 

~Numbers in brackets refer to references in appendix A. 
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2.3 Calibrati0n of~easurement System 

2.3.1 Calibration'Procedure " 

Absolute calibration of the power density measurement equipment was 
accomplished by means of the signal generator, attenuator, thermistor, and 
power meter of figure 2. The signal generator provided a calibrating signal 
of constant amplitude and frequency. The power of this signal at point A 
was measured by the calibrated thermistor and power meter combination, and 
accurate changes in this power level were accomplished by means of the RVA~ 
The procedure for carrying out the calibration was as follows. 

The radar was set at 8-0 and %~0 , in which case the probe measures 
the power in the main beam and the probe output signal was near a maximum 
for thatdistance. Under these conditions the receiver amplitude Was set at 
00.00 dB. Next, the signal generator frequency was set equal to the radar 
frequency and, with the RVA set at 0 dB, the signal generator amplitude was 
adjusted so that the power meter indicated 1 mW. This means that 1 mW of 
power was available at A if the thermistor and power meter had been 
calibrated correctly and all mismatch effects taken into consideration. 

The next step was to disconnect the auxiliary mixer from the auxiliary 
antenna and connect the mixer to the signal generator as shown in figure 3. 
This link provided the required phase-lock signal for the receiver. The 
transmission line connecting the RVA to the thermistor was disconnected at A 
and connected to the primary mixer at B in place of the probe (see fig, 3). 
Following these connections, the RVA was adjusted until the receiver ~ again 
read approximately 00.00 dB. The attenuator reading was noted, along with 
the offset from zero on the receiver. Finally, the circuits were 
reconnected as in figure 2 to make sure that no significant drift occurred " 
during the calibration~ 

The above procedure determined the output power from the probe at B with 
respect to 1 mw. In other words, if the final RVA setting was K dB and the 
receiver offset ~ was L dB, then the probe output signal would be*(K+L) dB 
below 1 mW. Eq (1) can then be used tO calculate the incident on-axis power 
density, and the power densities at all other points are known since they 
were measured with respect to the on-axis value. 

I 
! 
I'.4 

! 
! 

! 

! 

! 

! 

! 
! 

| 
! 

The auxiliary antenna used for the X-Band measurements was a broadband 
conical spiral with Type N connector and it was connected to a coaxial 
mixer. The K-Band auxiliary system consisted of a standard gain horn and 
waveguide mixer. 

In for the receiver to havesufficientsensitlvity to detect the 
weak signals existing in the side- and back-lobe regions, it must be phase I 
locked to the radar. Sinceit was not feasible to connect a cable to the 
radar, the phase-lock signal was provided by means of an auxiliary antenna / 
and mixer which responded to the side-lobe energy radiated by the radar and 
provided a constant signal for phase locking the receiver. Note that the 'I 
auxiliary antenna and mixer were mounted on the rotator (fig. I) so that, as 
the radar was rotated in azimuth (8), the relative positions of the radar ': 
and auxiliary antenna remained unchanged and the phase-lock signal remained 
constant within +i.0 dB. As the radar was rotated in r changes Of as much I 
as +3 dB in t-he amplitude of the phase-lock signals were observed, due ~ 
mainry to the change in polarization. However, the receiver remainedo~ocked 
during these changes and, since the data were recorded only during 8 scans 
with constant r these changes of amplitude in the locking signal were of no 
~n~quence. Th_e a_uxiliary antenna was.mounted below the probe anti'well out ~ 

ma~n ueam, su unere was no slgnlrlcant interaction between them;that 
is, the auxiliary antenna did not noticeably perturb the field measured by l 
theprobe. 
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Radar M i x e r  

<3 Auxi l ia ry /  
Antenna 

Source 

�9 M i x e r  

,~ Receiver 

Figure 3. Schematic diagram of measurement system as it is 
connected for calibrating the probe output signal~ 
The I mW Calibrating signal is inserted at B and 
compared with the signal produced by the probe 
antenna (see sec. 2.3.1 for details). 

This calibration procedure was repeated at every measurement distance 
used for each radar. 

2.3.2 Estimated Measurement Accuracy 

According to eq (i), the accuracy of the measured power density depends 
on how accurately the received power is determined by the calibration 
procedure of the preceding section, and on how well Gp, the gain of the 
probe, s known~ The accuracy of the PR calibration depends, im turn, on the 
accuracies of the attenuator, thermistor, power meter, and receiver. An 
additional factor is the degree of repeatability associated with the 
disconnection and connection of the transmission lines and probe at points A 
and B of figures 2 and 3. Any amplitude drifts in system components or in 
the radar itself will also affect the repeatability. 

The RVA is a calibrated, precision laboratory standard with an uncer 
tainty of less than +0.02 dB over the range 0 to 20 dB used for these 
measurements. The thermrstor mounts were calibrated to account for mismatch 
effects, loss due to absorption within the mount but not in the thermistor 
elements, and the dc-to-microwave substitution error. The estimated 
uncertaintyassociated with the thermistor mount is +0.06 dB, and �9 the 
uncertainty of the power meter used with the thermisto~ mount is +--0.13 dB. 
The uncertainty due to non-linearity of the receiver is ~0.04 dB. 

The repeatability error was determined by repeating theprocedure of 
section 2.3.1 and observing any variations in the attenuator setting and 
receiver readings. The final receiver reading, following reconnectionof 
the probe, was especially significant for indicating drift and flange 
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connection errors. 
to be +0.20 dB. 

The uncertainty due to non-repeatability was estimated 

The theoretical gain value of each probe at the frequency of interest 
was used. These values are: 

X-Band (10.53 GHz) 16.7 dB+0.3 dB 

K-Band (24.15 GHz) 6.7 dB+0.3 dB 

These gains could �9 have been determined to within +0.I dB by careful 
calibration, but it was not considered worth the added effort and expense in 
view of the other errors associated with the measurement. In addition, 
there is undoubtedly some variation ~i the output of different radar units 
of the same model, so there is not much to be gained by testing a particular 
radar to such acc~uracy. A near-zone gain correction for the X-Band probe 
was required at the closest separation distance and has been included in the 
calculations. 

The errors associated with these measurements are smmuarized below: 

Source of error 

Rotary-vane attenuator 

Thermistor mount 

Power meter 

Receiver non-linearlty 

Connector repeatabilityand system drift 

Uncorrected mismatch error 

Probe antenna gain 

Uncer ta in ty  
(in decibels) 

+ 0 . 0 2  c ~  

+0.06 dB 

+ o . 1 3  de 

+ 0 . 0 4 "  dB 

+0.30 dB 

+0.i0 dB 

+0.30 

Total error sum: +0.95 dB 

The listed errors are approximate worst-case values and, since the errors 
are uncorrelated, the sum represents a conservative estimate for the total 
erroro 

Although an estimated error approaching +I dB may seem rather high, it 
should be noted that radiated power density Ts a particularly difficult 

l i  

i 
I 

. . . . ,  

I 
I 

I 
I 
! 
! 

I 
I 
l 

I 
I 

parameter to measure with high accuracy because of the many variables and 
precise calibrations involved. In this �9 the two largest sources of 
error were associated with the gain of the probe antenna and with connector 
repeatability and system drift. As has already been mentioned, the ' gain�9 
uncertainty could be reduced to +0.10 dB by careful calibration, and t~e 
repeatability could probably be improved to 0.10 to 0.15 dB through the use 
of precision connectors These improvements would result in an overall 
error of approximately +0~5 dB, which is about the best one could expect. 
However, considering ~he variability that exists among radar units of the �9 I 
same type and the variable effects of the immediate operational radar 
environment on the radiated field strength, the approximate +0.3 dB 
improvement in.accuracy did not justify the use of the more expensive and m 
time-consuming techniques required to achieve it. !i 
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2.4 Measurement ProcedUres and Results 

2.4.1 Alignment and Measurements 

The mounting arrangement is shown in figure 4. A ring m0untwas 
constructed which clamped to the radar being measured. The ring mount was 
attached to a tilt plate which was, in turn, attached to a translation 
plate. The translation plate was bolted to the model mount. A handgun is 
show n mounted in figure 4, but the same basic arrangement Was used for all 
the radars tested. Care was taken to assure that the radar aperture was 
always well in front of the metal mounting ring to minimize perturbation of 
the pattern by the mount. ~ 

I 
II 

i 
I 

Translation 
Plats Tilt Plats Ring Mount 

IIcll 
C 

i 

i 

Figure 4. Mounting arrangement used to support radars so that 
they could be properly aligned for radiated power 
density measurements. 

I 
I 
| 

I 
I 
I 
| .  

Although mechanical, optical, and electrlcal tec~hniques for antenna 
alignment were employed, the final test involved only electrical 
measurements of the fields emitted by the test antenna. Proven methods were 
used for the precise alignment of each radar. The objective was to assure 
that the radar axis coincided with the ~ rotation axis of the model ~ount 
and that for 8=0, the axes of the probe, radar, and model mount were all 
coincident with the z-axis of the coordinate system of figure i. Once this 
was accomplished, the z-position of the radar was adjusted slightly by 
moving the ~odel mount with respect to the azimuth rotator until rotation in 
% produced minimal phase variations. This adjustment was done to place the 
rotation axis at the phase center of the radar. 

After the alignment was completed, a set of data was obtained by 
rotating theradar 360" about the e axis, recording the field strength at 5" 
intervals in e, and repeating the process for I0" increments in ~ until the 
entire sphere was scanned. This procedure yielded dat~ along the IQ" 
meridians of a sphere. 
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The total power density is the sum of the power densities associated 
with two orthogonal field components. Therefore, �9 each measurement 
distance, two complete scans must be performed, one for each component. 
Since the probes were linearly polarized, they were oriented to respond to 
the vertical component for one scan and then rotated 90 ~ to respond to the 
horizontal component for the second scan. The entireprocess was carried out 
at four distances for each radar, the distances being I, 3~--~. and ~2ft 
(30, 91, 183, and 366 cm) for the X-Band radars and I, 3, 6, and10 ft (30~ 
91, 183, and 305 cm} for the K-Band radars. The largest K-Band distancewas 
restricted to i0 ft (305 cm) because the probe assembly was longer than the 
X-Band probe and the overall distance available was limited by the length of 
the rails on which the rotator was mounted. At the shortest distance, 12 in 
(30 cm) , the rotation about the e axis was limited to the range -135" to 
+135" in order to avoid hitting the probeantenna wi~h the rear of the model 
tower. 

I 

I 
�9 S 

2.4.2 Results 

The power density values were obtained as follows. Results of the 
calibration procedures described in section2.3.1were analyzed and used to 
calculate the received power at the on-axis reference point, which we shall 
call P~. The values of PR obtained during the scanning process were measured 
relative to this on-axis value. Once P~ had been calculated, the received 
power in mW at each measurement point was determined and the corresponding 
incident power density was then calculated by eq (I), for each poin t. The 
power densities for each component were summed to give the total power 
density at each point. These calculations were�9 using the }~S 
computing facilities, and one of a variety of plotting routines was selected 
to display the results in graphical form. 

In order to determine the symmetry of typical radiation patterns, 
contour plots like that in figure i0 (see sec. 5) were generated for 
selected radars. Note that the beam possesses circular symmetry down to 
about 23.4 dB below the peak (42 dB below 1 mW/c~ 2 }. This symmetry is 
typical of all the radars tested. Because of the uniformity between radar 
units, it was decided not to provide contour plots for each distance for 20 
radars. 

A graphical display which presents the power density information in a 
more useful form is the polar coordinate format used in figures ii through 
50. These graphs display the power density in mW/cm 2 or dB with respect to 
1 mW/cm ~ as functions of the angle off axis and the distance from the radarl 
Each figure has four curves, one for each measurement distance, and figures 
were prepared for both the vertical (elevation) and horizontal (azimuth) 
pattern cuts in order to display the effects of any significant asy~netries 
which might exist. �9 The vertical and horizontal planes are defined with 
respect to the radars when mounted in their normal upright configurations 
and pointed horizontally as in figure i. The horizontal and vertical cuts 
correspond to ~=0 and 90" , respectively. In each figure the origin 
corresponds to a power�9 of I0-~ mW/cm . The �9 density in dB 
corresponding �9 to a particular distance and elevation or azimuth angle (equal 
to e for these principal plane cuts) is proportional to the length of the 
radius vector �9 the origin to the point selected on the particular 
distance curve. Therefore, the inner curve represents the smallest power 
density and is for the largest distance from the radar. The strongest 
fields are associated with the closest distance 12 in (3~ cm) and ~ are 
plotted on the outer curve. This format provides a good visual 
representation of the field patterns as viewed by an operator positioned 
behind the radar and looking in the direction the radar is aimed. 

The nomenclature used to identify the radars (X-I, K-l, etc.) is 
identical to that used in task 2 so that results between tasks may be 
compared if desired. Fourteen X-Band and six K-Band radar units were tested 
during task i and i5 X-Band and seven K-Band radar units Were tested during 
task 2. 
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3. TASK 2 ItEASURE2%E~.~TS 

3.1 General Approach 

Since speed radar units are usually mounted on or inside an automobile, 
a complete investigation of microwave radiation lev~!s requires that 
measurements be made inside the automobile under normal operating 
conditions. By this means it is possible to observe any fiel~ enhancement 
effects Produced by t~e automobile enclosure. Each of the ~ radar units 
tested was mounted in the positions in ~hich it is normally used, an~ 
calibrated field probes were used to measure the power density (mW/cm2) 
'throughout the interior of the car, paying particular attention to regions 
where the head and groin would be located. 

3,2 Probes Used for the Vehicular Measurements 

."~Io different probes were used for these measurements. An ??BS Model 
E~-IC Electric Energy Density Meter was used for the measurements involving 
the X-Band (10.525 GHz) radars. This NBS probe does not operate above X- 
Band, so a commericalElectromagnetic Radiation Monitor was used for the K- 
Dand (24.15 GIIz) measurements. The sensor antennas in both probes consisted 
of three orthogonal dipoles in order to achieve isotropic response patterns. 
The measurements are, therefore, quite insensitive to the orientation of the 
probe with respect to the field being measured, as long as the probe handle 
is not pointed toward the radiation source. The NBS probe uses di6des for 
the detecting elements, while the commerical unit employs thermocouples. 
Consequently, the ~BS probe has greater sensitivity; its threshold response 
being 0.001 mW/cm z . With the commerical meter, the minimum detectable power 
density was 0.01 mW/cm*..Beth .probes make use of high-resistance leads 
between the sensor and meterlng unlt to eliminate pickup by the leads which 
would generate an error signal. 

il 
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The meters were calibrated by the free-space standard-field method which 
is illustrated in figure 5. The power density, W, at a point on the~ 
transmitting axis at a distance d from the standard gain horn is given by 

pT G 
T 

where PT i s the net power delivered to the horn and G is the effective gain 
of the horn. The gain was determined in advance [2] and PT and d were 
measured as part of the calibration procedure. The incident power Pi and 
reflected power�9 Pr were monitored with the coupler sidearms, and PT = Pi-Pr �9 
~'~en W had been determined at a particular point, the probe being calibrated 
was placed at this same point in the known field and a probe correction 
factor was obtained from the ratio of the actual power ~ensity to the 
indicated power density. 

The error in the basic calibration was estimated to be +~.5 dB (12%). 
}Iowever, in actual use, additional uncertainties arose due to ~uch things as 
multipath effects, perturbation of the field by the operator, and the fact 
that the probe was calibrated in a plane-wave field but was used in a more 
complex field configuration~ ~ Taking all of these factors into consideration 
resulted in an estimated overall measurement uncertainty of +1.0 dB (25%). 

I Although it may seem rather high, a +i.0 dB uncertainty ~s very good for 
electromagnetic field measurements performed in such " a complicated 
electromagnetic environment. 
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Figure 5. Diagram of the basic experlmental arrangement required .for the free-space 
standard-fleld method of callbratlng microwave hazard meters. 
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3.3 Measurement Procedures and ~esults 

Prior to making measurements inside the automobile, the power density in 
the main beam, close to the aperture, was determined by holding the probe 
directly in front of the aperture as shown in figure 6. These results are 
listed in column 2 of table i. The maximum power density radiated to the 
sides and rear of each unit was also determined by moving the probe over the 
surface of the unit as shown in figure 7 and observing the maximum 
indication. These values are listed in column 3 of table 1. 

Following the above tests, the radars were mounted in, on, or hand-held 
in a four-door sedan in the various operating positions indicated by ~he 
numbers in figure 8. In positions 1 and 2, the radars were hand-held and 
aimed through the windshield. Position 5 is the common dashboard mount with 
the radar aimed forward (fig. 9~), and 5R is the same arrangement with the 
radar aimed to the rear through the back window (fig. 9b). In positions 6 
and 7 ~e radars were hand-held and aimed out the left and right front side 
windows, respectively. For position 3, the radar was attached to the inside 
of the right rear window and aimed forward through the windshield while, in 
position 4, the radar was attached outside the left rear window and aimed 
forward. In position 8, the radar was aimed to the rear through the back 
window. 

Each radar unit was mounted in each of the positions in which it was 
designed to operate, as indicated in column 4 of table i. ~ith the radar in 
each position, the appropriate hazard probe was used to survey the field 
intensitythroughout the interior of the automobile. The maximum power 
densities observed in the general regions occupied by the driver and three 
passengers (locations A through D of fig. 8) are given in table 1, columns 
5-8. These recorded values represent the maximum levels observed~ t.hat is, 
there were no values of higher radiation intensity in locations other than 
those whose power density values are listed in table io 

| 

Figure 6. Measurement of main-beam 
power density in the 
aperture region. 

Figure 7. 
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Measurement of radiation 
in the side- and bacM- 
lobe regions. 



Table I. Results of vehicular power density measurements. 

This table contains results of measurements of field intensities 
produced by the various radar units inside an automobile. The radar code 

i 
numbers are given in the first column, with the K-Band units (24.15 GHz) 
designated by K-I to K-7 and the X-Band units (10.525 GHz) by X-I to X-15. ~ 
Column 2 gives the power density in the aperture, and column 3 the maximum ~ 
power density in t h e  back h�misphere. The mounting positions of column 4 : :  
correspond . to the numbered positions of figure 8 as described in the text. 

| The interior vehicular data are given in columns 5 to 8. Blank entries in 
these columns mean that the field intensities were too low to read with the 
meters used for ~ese tests; i.e., the fields were <0.01 mW/cm 2 for K-Band 
aria <0.001 mW/cm for X-Band. 

I 
~-taxisu~ M a x i m u :  p o w e r  d e n s i t y  a t  p o s i t i o n s  m. 

A p e r t u r e  b a c k - l o b e  A, B, C,  a n d  D o f  f i g u r e  8 . 
Radar power power Radar (mW/cm 2 ) I 
code density density mounting I number (mW/cm ") (mW/cm z ) position A B C D~ 

K-I 1.97 <0.01 : ! 

K-2 2 .40  0.02 1 i i  

R a 0.01 0 ,01  

K-3 2.27 <0.01 1 I '  
2 J 

K-4 1.83 <0.01 1 
2 m 
5 " :j 

K-5 0.25 <0.01 1 
2 
5 
5R a 

~m 

~-6 2.78 o. 02 1 
�9 

5 

I K-'/ 1 .64 < 0 .01 1 
2 
5 

.55 < 0. 001 1 0. 001 I 
M 

x - 1  0 
2 ~ 
3 O. 137 0 �9 001 0 �9 002 O. 002 
4 0.001 ] 

X-2 0 �9 73 0 .001 1 0 . 001 0 .001 

3 0.36 0.003 0o001  0.001 
4 0 .002 ! 

X-3 2 .82  0.018 1 0.002 0 . 0 0 3  0.001 ' 
2 0.001 0 .921  0 .001  0 .001 
5 0.002 0 .001  0 .001  I 

X-4 2.55 0. 018  1 0.002 0. 001 0. 001 
2 0.001 0 .003 0 , 0 0 1  0 . 0 0 I  
5 0.001 0 .001  0 .001 1 

X-5 0 .36  0 .001  1 ~-.~ 
2 
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Table i. Results of vehlcular power density measurements (Continued) 

Maximum 
Aperture back-lobe 

Radar. power power Radar 
code density density mounting 
number (mW/cm z } (mW/cm') position 

X'6 1.Z9 0.002  

X-7 1 . 1 0  0 .004  1 
7 2 
6 
5 

Maximum power density at positions 
A, B, C, and D qf Eigure 8 

(row/c=') 

0.001 
0.002 

0.001 

0.001 

0.001 

0.002 
0.001 0.001 

X-8 0 .89  0.002 

X:-9 0.96 0.004 

X-10 1.76 0.008 

X-f1 0.46 0.001 

X-12 0.59 0.005 

X-13 0.93 0.003 

X-14 0.48 0.001 

X-15 2 .29  0 .018  

1 
7 
2 
'6 
5 
5R a 

1 
7 
2 
6 
5 

1 
7 
2 
6 
5 r 

5 

1 
2 
5 
6 
7 

1 
2 
5 
6 
7 

1 
2 
5 
6 
7 

o~ooi 

0.001 

0.001 

0.001 

0.002 

o.ooi 

0 . 0 0 2  

asame location as radar mounting position 5 except that the radar is pointed 
toward the rea r of the vehicle. 
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Figure 8. 
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FRONT 
Numbers are radar mounting positions. 
Letters are seat positions. 

Diagram showing the location of radar mounting 
positions (1-8), seat locations (A-D), and 
distances between selected radar positions and 
seat locations used in describing field 
intensity distributions inside the automobile. 
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Figure 9. 

a) b) 

Typical dashboard mounting arrangement: 
a) shows the radar pointing forward, and b) 
shows the radar aimed to the rear through the 
back window. 
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4. DISCUSSION OF MEASU.RE~NT .~ESULTS FOR TASKS 1 ~2~D 2 

It is not the purpose of this report to state what levels of 
electromagnetic fields constitute a health hazard. Such issues are left to 
those organizations and conunittees that have been established to perform and 
interpret research on the biological effects of electromagnetic waves and to 
set exposure limits based on the results of such research. 

From the graphs of figures 11 through 50 one can obtain the expected 
power density in any desired region of space. For example, from the 
horizontal cut for X-I (fig. 11), it is evident that, for distances greater 
than ~2 in (30 cm) and for all angles, the power density is less than 0.2 
mW/cm" (-7 dB). Another way of using the curves is to determine regions 
where a specified power density such as 0.i mW/cm 2 is not exceeded. From 
figure ii, it is clear that the power density is less than 0.I mW/cm 2 (-I0 
dB) at all angles for distances greater than about 36 in (91 cm) and also 
for distances greater than 12 in (30 cm) if the angle is greater than 
approximately +i0 ~ off axis. Similar determinations . can be done for the 
other radars u~ing the appropriate graphs. 

Section 1910.97 of the Occupational Safety and Health Act (OSHA) 
contains a Radiation Protection Guide (RPG) which applies to exposure to 
electromagnetic radiation at various frequencies. At frequencies of I0 ~z 
to i00 GIlz, the P~G allows exposure up to a power density of In mW/cm s over 
any 0.l-h period, or up to a power density of 10 mW/cm ~ averaged over any 
0,l-h period or more. Concurrently, a voluntary Radio Frequency Protection 
Guide of 5 mW/cm s for the 1500 ~[z to I00 GHz frequency range is under 
consideration for adoption by the American !~ational Standards Institute. 
Whether �9 the power density exposure limit remains at I0 mW/cm2 or is lowered 
to 5 mW/cm z , the power;densities measured at a 12 in (30 cm) distance from 
~he radars did not exceed either limit, even if operated continuoUsly. The 
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K-Band radars tended toward higher powers and, since the antennas had more 
gain than the X-Band antennas, it was not surprising to observe that the 
power densities were generally higher for most K-Band units. 21n fact, all 
except K-5 had on-axis Power densities of approximately I mW/cm st the 12 
in (30 cm) distance. For comparison, the U.S.S.R. defines safe exposure 
limits at 10 ~W/cm 2 for a whole working day or exposure for not more than 15 
or 20 min a day at l mW/cm 2 while wearing goggles [3]. 

The aperture power density for most of the units,�9 measured in task 2 
(c01. 2 of table 1) is a significant fraction (25 to 50%) 0f the existing or 
proposed maximum permissible exposure levels. Based on the back-lobe data 
(col. 3 of tab~ i), one can conclude that all units are well-deslgned ~ and 
packaged to provide shielding from leakage and hack radiation. There was 
not a single case of reverse-hemlsphere radiation of sufficient intensityto 
cause concern. Inmost cases, thepower densities were --J-- 
the exposure limit presently specified in the OSHA guide, leee' or less, of 

The data in columns 5 to 8 of table 1 indicate that the fleld levels 
inside the car do not exceed 0.002 mW/cm ~ for most radar positions. The 
major exception occurs in the data for X-1 and X-2 which show relatively 
strong fields at location A when the radar is mounted in position 3. This 
is to be expected since location A, the front seat passenge r position, is 
directly in the main beam for this situation. Note, however, that the field 
strength recorded at the driver location is still low. 

5. POWER DENSITY GRAPHIC DISPLAYS 

The radiation pattern contour plot and power density polar coordinate 
plots discussed earlier (figs. 11-50) are grouped in this section for the 
convenience of the reader. 
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Figure 10. 

60 50 40 30 20 10 0 10 20 30 40 50 60 70 80 90 

Angle off Axia (Degrees) 
Q 

Power density contours for Radar X-4 at a distance of 
2.1 m (%2.5 in)from the antenna aperture. The view 
directly toward the radar. Numerical values of the 
contour lines indicate the number of decibels below 
1 mW/~m . The peak, on-axis value is -18.6 dB (0.014 
mW/cm~), and the contour interval is 6 dB. The 
angular distance off axls is proportional to the 
radial distance from the center of the fiqure. 
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11. }~orizontal power patterns for Radar X-I obtalned at I 

�9 four dlstances from the aperture, Each cu.rve dlsplays ~ 
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i to i mW/cm', as a function of the azimuth angle in 
deqrees. Zero degrees coincides with the direction 
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Figure 12. Vertical power patterns for Radar X-I obtained a t four 

I distances from the aperture. Each curve displays the 
total powe r density in mW/cm 2, or dB wlth respect 
to 1 mW/cm ~, as a function of the elevation angle in 

I 
I 

degrees. Zero degrees coincides with the direction 
of the main beam. 
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Horizontal power patterns for Radar-X-2 obtained at 
four distances from the aperture, Each ~urve displays 
the total power density in mW/cm 2, or dB with respect 
to 1 mW/cm ~, as a function of the azimuth angle in 
de~rees, Zero degrees coincides with the direction 
of the main beam, 
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Figure 14. Vertical power patterns for Radar X-2 obtained at 
four distances from the aperture. Each curve displays 
the t0tal ~ower density in mw/cm 2, or dB with respect 
tO 1 mW/cm c, as a function of the elevation angle in 
degrees. Zero degrees coincides with the direction of 
the main beam. 
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Figure 15. 

Distances From Radar (Inches): A = 144, B = 72, C = 36, D = 12 

Rorizontal power patterns for Radar X-4 obtained at 
four distances fromtheaperture. Each curve displays 

I 

the total power density in mW/cm 2 , or dB with respect �9 
to 1 mW/cm z , aq a function of the azzmuth an=l�9 in 
degrees. Zero degrees colncideswlth the ~Irection i 
of the main beam. 
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Radar X-4 i ~igure 16. Vertical power patterns for obtained at 
four distances from the aperture. Each curve dxsplays 
the total ~ower denslty in mW/om 2, or dB wlth respect 
to 1 mW/cm , as a function of the elevation angle in 

i deorees. Zero dearees coincides with the direction of 
the main beam. 
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Distances From Radar (Znches): A - 144, B = 72, C - 36, D - 12 

Figure 17. Horizontal power patterns for Radar X-5 obtained at 
four distances from the aperture. Each curve displays 
the total ~ower density in mW/cm 2, or dB with respect 
to 1 mW/cm z, as a function of the azimuth angle in 
degrees. Zero degrees with the direction of the main 
beam. 
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Figure 18. Vertical power patterns for Radar X-5 obtained at 
four distances fromthe aperture. Each curve.displays 
the total power density in mW/cm2, or dB with respect 
to 1 mW/cm 2, as a function of the elevation angle in 
degrees. Zero degrees coincides with the direction 
of the main beam. 
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Distances From Radar (Inches): A = 144, B �9 72, C - 36, D - 12 

Figure 19. Horizontal power patterns for Radar X-6 obtained at 
four distances from the aperture. Each curve displays 

, the total power density in m~q/cm 2, or dB with respect 
to 1 mW/cm2, as a function of the azimuth angle in 
degrees. Zero degrees coincides with the direction 

of the main beam. ~ 
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Figure 20. Vertical power patterns for Radar X-6 obtained at 

i four distances from the aperture. Each curve displays 
the total ~ower density.in mW/cm 2, or dB with respect 
to 1 mW/cm a, as a functlon of the elevation angle in 

I~ degrees. Zero degrees coincides with the direction 
of the main beam. 
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21. Horizontal power patterns for Radar X-7 obtained at I 

four distances from the aperture. Each curve displays 
the total ~ower density in mW/cm2, or dB with respect I 
to 1 mW/cm , as a function of the azimuth angle in 
degrees. Zero degrees colncides with the dlrection | 
of the main beam. 
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Distances From Radar (Inches): A = 144, B = 72, C = 36, D = 12 

Vertical power patterns for Radar X-7 obtained at 
four distances from the aperture. Each curve displays 
the total power density in mW/cm 2 , or dB with respect 
to 1 /cm z as a mW , function of the elevation angle in 
degrees. Zero degrees coincides with the direction 
of the main beam. 
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Figure 23. LIorizontal power patterns for Radar X-8 obtained at 
four distances from the aperture�9 Each curve displays 
the total ~ower density in mW/cm 2, or dB with respect 
to i mW/cm , as a function of the azimuth angle In 
degrees. Zero degrees coincides with the direction 
of the main beam.. 
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Figure 24. Vertical power patterns for Radar X-8 obtained at four 
I distances from the aperture. Each curve displays the 

total power density in mW/cm2, or dB with respect to 
1 mW/cm 2, as a function of the elevation angle in 
degrees. Zero degrees coincides with the direction of 
the maln beam. 
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Distances From Radar (Inches): A - 144, B = 72, C - 36, D - 12 

I �84 

25. Horizontal power patterns for Radar X-9 obtained at 
four distances from the aperture~ Each curve displays 
the total vower density in mW/c m2, or dB with respect 
to i mW/cm ~, aS a function of the azimuth angle in 
degrees. Zero degrees coincides with the direction 
of the main beam. 
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/ Figure 26, Vertical power patterns for Radar X'9 obtained at 
four distances from the aperture. Each curve displays 

I the total power density in mW/cm2, or dB with respect 
to 1 mW/cm z, as a function of the elevation angle'in 
degrees~ Zero degrees coincides with the direction 
of the main beam. 

I 
33 

!i I 



I 
! 

�9 HORIZONTRLCUT POWER DENSITY, RRDFIR X-lO 
80 ~  70 ~ 60 ~ 50 ~ 40 ~ 30 ~ 

:":: ::-: :>" >, T" ...... ."i:"L..:... ',., .,:' "..,. '. :....i'-.,,'" "'" 
�9 ,oi : ' : : / .' %: �9 "" ". ." V ~" ", .'" : 
~ . . t  �9 . . ; . . . : .  ' , : .  , + �9 , , ,  . . ,  , ." , ,  ,�9 , . "  "�9 " , , ,  : 

. . .  !~t . . . . ~ ,  . . . �9 , ,  , . , , ,  . . . .  , , ,  �9 

, t " ' 1  . . : ...: �9 .. . ,_. .. , .. , �9 . ... : , . _ o  

, : . : , . , . .., �9 ., ,�9 , �9 �9 ,, �9 , ...% % .... , . 

.,. .,, ,. ".".i ":.:.i..'" .�9149 �9149 .---':; 
. o~ -  ) i ?-~ .  , � 9149  �9 . � 9  �9 � 9149  �9 , , ~ "  �9 �9 i 

, . ; . . . .  . -  : , . ,  ; , ~ - "  ; 
' i { I # ! i ! l l  t l ! 11  I 

i i I I I i I # i ~ # t # i  # i  i i I i ! # I . # ! I 
, , - , . v .~  . , " . ~ * ,  �9 . � 9  . � 9  �9 .o~ , ' . . - ~  ~ . 1~  0 

i I I l l  # i I i i ~ !  I I I ~ i  I i l  i ! i  i I I l l  I I l l i l ~  
I I I 1 % 1  I i I t ! I ~ t  I l #  I ! 1  ! I i i l l i  i I . .,,-...~'...:':"- L~.." ", ~ . . . .  ~ , 
. .  . ,...,,: 

I I I l II i I 
~176  �9 �9 t i 

i I I i I t . �9 , . . . . . . . . .  
i + ! 11111  i l  ~ , I 

? �9 : o . ~  o.q~T~2 o.pzl o ~ 3  o.~zo 
j ' I e I ~ 1 7 6  OOIOOo. I ) j O 

~ ~ I O I I O I  I .... : -..L .... , , , : ........ 
: . . . . .  . . ,  . . . . . . .  . ~  : . 

i ~ p l l  ~ 1  ~ / 
% .  . '~176 ,, ~ 1 7 6 1 7 6  , ~ .J"'''" 

"-:-, . .-iW:::::~:~ -"..," " ~ ~ 7 " ~ " ' " ' . . .  :: .... ~ "  .... ..... :..,~..:' ....... ....... -:: 
". ".. "..o'. ".% ".. J'.. "..~. .... o..... : . 

:~-.... ;..:> :k-:,i: i".>..;:: ::"..Y: ".."Y,: ~.. '"--..... ' "  ........ :.. . v ":'I ' " - -. 

' ' ' ~7' o ~ 
: .. ,~,,, ".,,., .,,. ..." ..... :' ..~.. 

. : . ~ " : ,,. ,,, ,,, , , , , ,  i ' 

' .'---"-~ :'- --'---'."',. -", ".., ~,:"'".. "'..,.."'"... .:':.....<.... .! ""..1 
: :  : . ' . .  : - . . . ' , ,  ... ". . . ." "'. ". .z "...." ";,.  / 
�9 : -  ! ~, ::--':~ ,,  ,.. ,:." .... . . . .  . . . . . . :  .... : "...., I + i  . o -  

. .  

~ ;~176 o -  ..~._90o" _80  o _ 7 0  ~ - 6 0  ~ - 5 0  ~ - 4 0  ~ - 3 0  ~ 

I 

o ~.OoO 

oJ32 i,.'o 

I"-'+ 
] . 

' 0 
. . . . . . . . . .  .'-10 

Distances From Radar (Znches): A - 144, B - 72, C = 36, D - 12 

I 
I 

I , 
I 
? .> 

I 
, 

I , 

I s 

J 

I 
I 
�9 ., r 

I 
I 

Figure 27. Horizontal power patterns for Radar X-10 obtained at 
four distances from the aperture'. Each curve displays 
the total power density in roW/ore 2, or dB with respect 
to i mW/cm z, as a function of the +azimuth angle in 
degrees. Zero degrees coincides with the direction .+ 
of the main beam. 
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Figure 28. 

Dis~.ancesFrom Radar (~nches): A - 144, B - 72, C - 36, D - 12 

Vertical power patterns for Radar X-10 obtained at 
four distances from the aperture. Each curve displays 
the total power density in mW/cm 2, or dB with respect 
to 1 mW/cm 2, as a function of the elevation anqle in 
degrees. Zero degrees coincides with the direction 
of the main beam. 

35 



. . . . . . . . . . . . . . .  , - . . .  - -  . . . . . . . . . . .  

I 
l 

I 
: i  

H O R I Z O N T S L  C U T  POWCR O Z N S I T Y ,  RFIOFIR X - l l  

o . 8 0  ~ 7 0  ~ 6 0  ~ 5 0  ~ "40 ~ 3 0 0  

. ,  . . . . .  l ~ r ' " : - - - . - : . . .  : ; ; . '  ' " .." . ~  . - "  ". .-~' ' .  . - " .  " 

�9 . " . I  . . ' , �9 , ,  . ' -  �9 . .  , �9 ~.- . -  , , 

. . ~ , - ' : ~ T  : " . ~ . . ~ .  . . .. .." "~" .'" .,.," . .  , ,  . ."  ", , , . ."  ; 
, i : . l .  . , , - , . .  . �9 �9 . ,  . .  �9 , � 9  , . -  �9 . - ,  , 

�9 �9 : I ' ' �9 " ' .''-" ." ." ",." "'' -" '. -'" ' -" ; 
, ~ : : , , t , �9 . �9 .. . �9 ." �9 ." ,, ." % .,. , 
�9 . , .  I . . . ~ . .  : . . .. # %  , ,  . ,  % #  .,% .~-  , . , .  �9 % 

�9 - , ,:o I �9 , . ,  , . .  �9 �9 �9 . - ,  �9 �9 , . .  . . .  , 

'. " .  . i l .  . " "  ' �9 " �9 . . . . . .  -". " "" ...,." -- "'" " " , .  . . , . .:'  - - - " "  " .  . ,  

: . ~ / ~ ' v " "  ; : , . . ~ , , c ~  ~ . . . .  , , . 
, . . . ' 1 "  ~ ~ .  . . o ' -  % _..-'" : ~ . . . .  . . . . .  o 

.~', , , ~ ,  �9 �9 , , . . . . .  . I U  
I I ! I # I ! I I I ~ , , , , , v  . . . .  �9 . . . ,  . . . .  �9 
. . . . . . . . . . .  .... 

, , ' , , , , ' , . . . :  ~:/...'....',. , : : '.. 
- "  . . . . .  t ~  t t ~  e l ' O * � 9  * e r l  

I � 9  �9 ; *  i ~ � 9  . e , "  I 

�9 � 9149  �9 t I �9 , �9 * 
�9 � 9  % �9 �9 % �9 I e ~ 

.._ " . : . . ~ . . :  ." . . dB . 

".: ' i  

~ I L ~ e ~ . ' : " ~  ;o~176 . . . .  .~ / 0 . : 0 0 1  0. , / ( j032 0 ~ 1  0 . 1 } 3 2  O,,/[LO . 0 ~ 3 2  x ! u -  

e01 �9 �9149 ' ~ - - �9 - ~'Q m o' �9 ~#*~IeQoQIe 0 0 e 0 
. . . . .  .~ �9 .._., ...... , . . . . .  . ........ ' �9 �9 �9 �9 Q .  t Q I Q  e 0 q l i ~  �9 �9 o . ! ~ : . " : : � 9  ~ - : -  .,.^ ' - ~  .... / - ~  . ' -J i -  ..: . . . . . . . . .  ; 

o �9 �9 �9 �9 � 9  ~ � 9  �9 e o o o l o ~  w . �9 . e e 

, . ~ .  . . . .  ~ _ i , , .  , . . . . Z  " .. . 
o i t �9 �9 �9 q, o~ - ~  - I  m ~ , ,  - o l &  ~ ~  ~ o e 

' i'....%,,,', . . ' ,  �9 . . . . ,  . .  . . . .  : . . . . . .  / -  . . . .  : . . . . . . .  . �9 , ,  
. - ~ . ; , ~  . . . . .  . . . , .  . . .  , . . . . , , ~ ,  / , ., z � 9  

, . . . . . .  , .  , . 

.,.,,, . .'~. ,>:2-'...~ ..,.~ -'"':~... i . ..... 
: : "~.-~ ; ", , , ~ ,, ".. ".. , ... ~ : Q~ : : 

~ . l . . - - ~ ' * ' .  " , .  , .  " ,  " , _ . ~  " .  . ,  o" . .  ",~ 7 %  * " . . , .  , 
, , : , ; ", , . , ,  " ,  . �9 . .  �9 . .  �9 . i  , : - . . o  , 

"I : , : " ", ; .< ,, ". y.. .. ." ... ," ".., , - .... : ..o 

I ~ " ; " ~ " "  " / / / / "~ 
I , , ; . . "  ' . , , :  , , .  " . "  , . ,  " .  ," . .  : " r  �9 
? I , ; . - ' ,  . . . .  ", , " ,  " ,  , ' ,  " ,  �9 " . . "  �9 " ' ,  : 

I , , , ; ' , -  " .  , , . ,  , ".~ " , *  :% �9 
l �9 ' , , oO'�9 . % ~ ". �9 " ,  ,% �9 " ~  �9 

~ l  : - . . . ~  . " ,  ", : . ' .  ",. , . . ," , . ,  ," . ,  ,, . . . :  

_ 9 0  ~ - 8 0  ~ _ 7 0  ~ _ 6 0  ~ _ 5 0  ~ - 4 0  ~ - 3 0  ~ 

I 

I 

I. 

I 

I 
~ } 

! 
! 

I 

I 

I 

I 

Figure 29. 

D i s t a n c e s  From R a d a r  ( I n c h e s ) :  A = 144, B " 72, C " 35, D " 12 

I 
i 

Horizontal power patterns for Radar X-f1 obtained at ! 
four distances from theaperture. Each curve displays 
the total power density in mW/cm 2, or dB with respect 
to 1 mW/cm2, as a function Of the azimuth angle in 
degrees. Zero degrees coincides with the direction 
of the main beam. 
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Figure 30. Vertical power patterns for Radar X-f1 obtained at 

I four distances from the aperture. Each curve displays 
the total power density in mW/cm 2, or dB with respect 
to 1 mW/cm 2, as a function of the elevation angle in 

I "degrees. Zero degrees coincides with the direction 
of the main beam. 
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Figure �9 31. Horizontal power patterns for Radar X-12 obtained at I t 
four distances from the aperture. Each curve displays 
the total power density in mW/cm 2, or dB with respect 
to 1 mW/cm2~ ' as a function of the azimuth angle in 
degrees. Zero degreescoincides with the direction of 
the main beam. 
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Figure 33. Horizontal power patterns for Radar X-13 obtained at i 
four distances from the aperture. Each curve displays 
the" total power density in mW/cm 2 , or dB with respect 
to 1 mW/cm z, as a function of the azimuth angle in i 
degrees. Zero degrees coincides with the dlrectlon of I 
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I Figure 34. Vertical power patterns for Radar X-13 obtained at 
four distances from the aperture. Each curve displays 

i the total power density in mW/cm2, i or dB with respect 
to 1 mW/cm ~, as a function of the elevation angle 
in degrees. Zero degrees coincides with the direction 
in the main beam. 
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Figure 35. 

D i s t a n c e s  From R a d a r  ( I n c h e s ) :  A = 1 4 4 ,  B = 7 2 ,  C - 3 6 ,  D - 1 2  

Horizontal power patterns for Radar X-14. obtained at 
four distances from the aperture. Each curve displays 
the total power density in mW/cm 2, or dB with respect 
to 1 mW/cm 2, as a function of the azimuth angle in '. 
degrees. Zero degrees coincides with the direction of. 
the main beam. 
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Figure 37. Horizontal power patterns for Radar X-15 obtained at 
four distances from the aperture. Each curve displays 
the total�9 ~ower density in mW/cm 2, or dB with respect 
to i mW/cm z, as a function of the azimuth angle in 
degrees; Zero degrees coincides with the direction 
of the main beam. 

44 

! 

I 

I 
! 



I 

I 

I 

I 

i | 

I 

vERTICRL CUT POHER DENSITY,  RRDRR X- 15 
I 

o 80 ~ 70 ~ 60 ~ 50 ~ 40 ~ 300 

�9 .... " 4 ]  7 . ---:..., .... ..' .. .' .... .. .-~ ... ... ..-" .. ..-. 
~ "''v. �9 ~ "' "'- �9 ~ �9 ," . ' o" ,~176 

; o " t "  , "  , ' "  - " . : ,  . 
. . ; . . . . : ~  . . . .  ~ ., . . - ' :  .,,,. , . . . . - -  ,. 

i * i o . ~  o . . ~  ~ . 

:,- ...- '..,20 ~ : - .- J; ... . 

.;..'... ". 
-. 

�9 ~ �9 .o.o-" 

" �9 . .  " ' 
o~176176 

~  : , , .  . - .  ...... ... .... ..- ~ 
�9 ."o ~176 ~o.~ ~ 

........ : 

. i 

: ' : : . . . . 4 i ,  e , - - ' "  : ~ : o  - m . o  - ~ . o  - m . o  - r  
i 

. . . .  ---- . ~ ~  .j.. a,,/o-: ."~ "~ .~  ~ ...... :.. ,'. ............. . ; .  , ::;':'.') ~':'" " ~  ..'_"""" "--- .~-.. J - ~ S "  "" : . ~. : . . . . .  ~ . . . . . . .  . . . . . . . . . .  - . . . . .  : : : ' : " " " ~  ! ~ ' "  ' . . . . . . . .  .A' : 

, ; ' - ' :  . : c : : ..,..,.'., .,':,, ~ . ~ . . . . . . . r ~ - - ~ - . . . ~ . ~ . ~ . : ~ . . . ~ . .  . . .  : / 

i " . . . . . . . . . . .  S .... �9 , �9 , I "- : : .." 

~ ,.,, ,,..,, . ' i .<.: �9 ~ �9 , , " . .  �9 
�9 r " . . o  " o .  

1 4 " " � 9  ~ ' "  i ,  . e - .  e# o* .�9 . . -..~ "-...." : -, 

--,..;. : �9 .'~...-..... .�9 .~ . ~. -... "/..~ '-... , 

: i '  ~ .  . ' :  ' . . .  ;:,...".. ':.�9 ".. " . . . . . .  " ' ' "" 
.: : , ; .  .."- . . .  ,' - . , :  _ 2 0  ~ 

" . : . , , ; . . ; "  , .  �9 �9 � 9 1 4 9  - ,  , . - . ,  , .  , - . .  , - . .  . 

"-.---.~- . 
: : " : . �9 

: -c ," 

�9 . o "  

: : ~ o  ' ~  " " "" : -  " ' "  "~;o ' :  :: " - _70 ~ _60 ~ -50 ~ _40 ~ "'_30 o 

.... 10 

0 c 

....... i0 ~ 

I Distances From Radar (Inches): A = 144, B = 72, C = 36, D = 12 

Figure 38. Vertical power patterns for Radar X-15 obtained at 
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l the total ~ower-density In mW/cm 2, or dB with respect 
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Figure 39. 

D i s t a n c e s  F r o m  R a d a r  ( I n c h e s ) :  A - 1 2 0 ,  B - 7 2 ,  C - 3 6 ,  D - 1 2  

Horizontal power patterns for Radar K-I obtained at 
four distances from the aperture. Each curve displays 
the total power densityin mW/cm 2, or dB with respect 
to 1 mW/cm 2, as,a function of the azimuth angle in 
degrees. Zero degrees coincides with,the direction 
of themain beam. 
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Figure 40. Vertical power patterns for Radar K-1 obtained at four 
distances from the aperture. Each curve displays the 
total power density in mW/cm 2, or dB with respect to 
1 mW/cm 2, as a function of the elevation angle in 
degrees~ Zero degrees coincides with the direction 
of the main beam. " 
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Figure 41. 

! 
Horizontal power patterns for Radar K-2 obtained at n 
four distances �9 the aperture. Each curve displays U 
the total power density in mW/cm 2 , or dB with respect ~_ 
to 1 mW/cm2, as a function of the azimuth angle in 

coincides with the direction i degrees. Zero degrees 
of the main beam. m 
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�9 Figure 42. 

D i s t a n c e s  F r o m  R a d a r  ( I n c h e s ) :  A = 1 2 0 ,  B = 7 2 ,  C = 3 b ,  D - 1 2  

Vertical power, patterns for Radar K-2 Obtained at four 
distances from the aperture. Each curve displays the 
total power density in mW/cm2, or dB with respect to 
1 mW/cmZ, as a function of the elevation angle in 
degrees. Zero degrees coincides withthe direction 
of the main beam. 
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Figure 45. 

Distances From Radar (Inches): A = 120, B - 72, C - 36, D - 12 

Horizontal power patterns for Radar K-5 obtained at 
four distances from the aperture. Each curve displays 
the total power density in mW/cm 2, or dB with respect 
to 1 mW/cm 2, as a function of the azimuth angle in 
degrees. Zero degrees coincides with the direction of 
the main beam. 
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I Figure 46. Vertical power patterns for Radar K-5 obtained at four 

distances from the aperture. Each curve displays the 
~o~al power density ~n mW/cm z, or dB with respect to 

mw/cm ~, as a function of the elevation angle in 
degrees. Zero degrees coincides with the, direction of 
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Horizontal power patterns for Radar K- 7 obtained at 
four distances from the aperture. Each curve displays I 
the total power density in mW/cm 2, or dB with respect _~ 
~- ~ mWlcm z as a functionof the azimuth angle in 
d~g~ees~ Z;ro degrees coincides, with the direction I 
of the main beam. .~ 
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Figure 49. Horizontal power patterns for Radar K-8 obtained at B 

four distances from the aperture. Each curve displays * .  

the total power density.in mW/cm2, or dB with respect 
to 1 mW/cm z, as a functlon of the azimuth angle in 
degrees. Zero degrees coincides with the direction 
of the main beam. 

56 
I 

I 



I 
I 
I 
I 
I 
I 
I 
I 
I 

�9 ~ i tl 
�9 .:,..:-.~ 
. . . . .  

VERTICRL CUT POWER DENSITY, RRDRR K-8 
o 9 0 0  " 8 0 ~  70 ~ 60 ~ 50 ~ 40 ~ 30 ~ 

~ ' F  " ,~ �9 :---'. .... :---~...~ . .' .. .-. .." .n. ... 

�9 . '  . . . . . .  . ' . . . . ,  .-.. i ' . .  " ' ' ' ' ' ' � 9  
�9 | �9 , o ~  �9 �9 " � 9  �9 , �9 o "  �9 . . . , , .  , . .  , , ,  , ,  , ~ , : . "  . 

; , �9 , �9 ~" * *  . . o  �9 o ,  o . -~ .  

: : : : �9 , :  , . , .  �9 .:,.. ". 
: : / �9 : ; , ,  : ; ,  - . . -  ,, . . . .  . , : ' " "  ",, . . . : . ,~o ~ 

�9 . . , ~  ~ , ~* o~ �9 �9 . . e  

;. ...-'" '. . : 

- . i~.  �9 ~" i:.-:-"~'" ~,- o oor* ~ o 
, " . . . . . . .  ,... 

. -  

�9 " ..o~- . .:," 

. . ~ .  . . . . . . . .  . 

- . . . ,  

...;, 
4 0oo. 

o'~~176 

- o . . . . .  �9 :10 
'.. ~_::...~....'. .... . 

i i d8 

o . k ~  o . ~ 2  
/~. ,,,1=,,! ..... :..::...... : ....... : 

.-i _, , -..o..o. ._ ....;. f .. -.; . . . .  

..~.!~.....,~, ~:, ..,, 
: 
-.;..~ .... ~,,:y, 

.: : : : ". : . , .. .. ... 

� 9  L.~I 

: : 
�9 : a 

- ; . . . - j ~  

-'.. 

~ 1 7 6 1 7 6  

~ ' - r  . . ....... - 

k..~.. ~�9 
: ........ .�88 -10 ~ �9 . ~ "'~ 

, Q a l ' ~ 1 7 6 1 7 6  o 

, .. ; ;...,:'".. . "',." ""... ":":.. ""-:~ "':'-... ..: ""'.'-2o 
::..~...:~...'~",,, ".,,. "..,..:::', "'.,,,, "::.~ ".,......" .......... '.:..: . , ./ 
i " '"."'. '. "..'"...' "',. ".~'" "'".. /:'".. /'"... ..'" "'"." 

:.-:;o o ~ _~.0o ..'_~o ...: ~oO :. '..._~o o .-... ' : ~ '  

D i s t a n c e s  From Radar  ( I n c h e s ) :  A - 1 2 0 ,  B - 7 2 ,  C - 3 6 ,  D - 12 

I 
Figure 50. Vertical power patterns for Radar K-8 obtained at 

four distances from the aperture. Each curve �9 displays 
I the total density in mW/cm2, or dB with respect m ~owe r 

to 1 mW/cm z, as a function of the elevation angle in 
' degrees. Zero degrees coincides with the direction 

of the main beam. 

o 57 

~ 



,| 

, |  

I 
I 

i l 
i l  

I 
!..I 
I 
I 

I 
I 

I 

j~ppand:l.x & - - ~ f e r a n e e a  

[1] S i l v e r ,  S.  ~.Ss162 a n t e n n a  t h e o r y  a n d _ d e s i g n .  New York ,  h~/" McGraw- 
H i l l ;  1949.  1 - 4 .  

[2] N e v e l l ,  A. r  ; .Ba,L~d, R. C . ;  Wacker ,  P.  P .  A c c u r a t e  m e a s u r e m e n t  o f  
a n t e n n a  gaAn and p o l a r i z a t i o n  a t  r e d u c e d  d s  by  an  e x t r a p o l a t i o n  
t e c ~ s  ZZEE t ~ a n s a c t i o n 8  on a n t e n n a s  and p r o p a g a t i o n .  JUP-21(4) : 
419-432; 1973 Ju l y ,  

[3] B a : a n s k A ,  S.  ; C z e r s k s  P.  B i o l o g i c a l  e f f e c t s  o f  ~ L c r o v a v e a .  
Stzoudsburg, PAt Dovdan, H u t ~ h s  and Ross, Xnc.; 2976. 177. 

"O 

.p 

59 



| 1. PUI~LJCATION OR = 
J REPORT NO. 

BIBLIOGRAPHIC 0ATA ~ NBSTR 81-2225 
u.s. ocpT. o ,  c o w .  

SHEET (See instructions) 
TITLE AND SUBTITLE 

Field Strength Measurements of 

i 

I z. Perfo-.ing Organ. Report No, 1 =. PubIic=tien!day Date1981 " '"; 

Speed Measuring Radar Units 

AUTHOR(S) 

R. C. Baird, S. B. Kilgore, R. L. Lewis, D. 
PERFORHING ORGANiZATlON( I f jo in toro~er than NBS, seeinstructions) 

MATIONAL BUREAU OF STANDARDS 
DEPARTMENT OF COMMERCE, 
WASHINGTON, D.C. 20234 

P. Kremer ! 
7; Contract/Grant No. 

DOT-HS-7-01697 
|o Type of Rc~ort & Period Covor,d 

S. SPONSORING ORGANIZATION NAHE AND COHPLETE ADDRESS (Street, City, State, ZiP) 

National Highway Traffic Safety Administration 
U.S. Department of Transportation 
Washington, DC 20590 

SUPPLEHENTARY NOTES 

11. 

[ -~ Document describes a Computer. program; SF-185. FIPS Software Summary. is attached. 
ABSTRACT (A 200-word or less factual summary of most significant information. If document includes a significant 
bibliography or literature survey, mention it here) 

The objective of this project wasto measure the microwave 
radiation emitted by speed measuring radar units to obtain a data base 
for evaluating the potential radiation hazards of these devices. 
Measurements were taken both in free-space and with the radar units 
mounted in typical operating positions inside or attached to a four- 
door sedan. The free-space measurements were made at four different 
distances to determine the field strength as a function of distance 
from the radar units. Calibrated radiation level probes were used to 
measure the field strength inside the automobile and scan the interior 
volume of the four-door sedan with particular attention to the driver 
and passenger locations. Twenty-two radar units were involved, and the 
data are presented in a power density format. 

KEY WORDS (Six to twelve entries: alphabetical o~'der; capitalize only proper names; and separate key words by semicolons) 
Doppler radar; field intensity; hazard; microwave radiation; power 
density; radar unit; radiation level; speed measuring radar. 

13. AVAILABILITY 

Unlihtited 
[ ~  For Off icial Distribution. Do Not Release to NTIS 
["~ Order From Superintendent of Documents. U.S. Government Printing Office; Washington, D.C. 

20402. 

Order From National Technical Information Service (NTIS),-Springfield, VA. 22161 

14. NO. OF 
PRINTED PAGES 

59 
15. Price 

",~j 

USCO;~u-OC eo43-Dg0 L~ 



i|Brain. Tumor Mortality Risk Among Men .With Electrical and 
 lElectronics Jobs: A Case-Control Study' 

--Terry L. Thomas ,  Ph.D., 2,3,4 Paul  D. S,o l ley ,  M.D., s A n n e t t e S t e m h a g e n ,  Dr.P.H., 6 
.... I E l i z a b e t h  T. H. Fon tham,  Dr.P.H., 7 Marg i t  L. B leecker ,  M.D., Ph.D., 3,8 

Patr ic ia  A. S tewar t ,  M.S., 2 and Robert  N. Hoover ,  M.D., Sc.D. 2,9 

!| . , ABSTRACT--Brain tumor risk associated'with electrical and elee- 
�9 - tronics jobs and with occupational exposure to microwave and 

radiofrequency (MW/RF) e ectromagnetic radiation was eyaluated 
"~w i th  the use of data from a death certificate-based case-control i 

I! 

i 
I 

I 

L, 

study of brain tumors and occupational risk factors in northern 
New Jersey, Philadelphia, PA, and southern Louisiana. Next-of-kin 
of 435 white men who died of a primary brain tumor and of 386 
coBtrols who died from other causes were interviewed to obtain ~ 
information off lifetime occupation~il history and other factors that 
might be related to excess brain tumor risk. The relative risk (RR) 
for all brain tumors was elevated among men exposed to MW/RF 
radiation [RR= 1.6; 95% confidence interval (CI)= 1.0, 2.4] and was 
significantly elevated among men exposed for 20 or more years. 
All of the excess risk for MW/RF radiation-exposed subjects was 
derived from jobs that involved .the design, manufacture, repair., or 
i~stallation of electrical or electronic equipment (RR=2.3; 95% 
C! = 1.3, 4.2), while risk of brain tumors among MW/RF rediation- 
exposed subjects who never worked in electrical o( electronics 
jobs was not elevated (RR=I.0; 95% C1=0.5, 1.9). Furthermore, 
risk was elevated for elei:tronics workers who were considered to 
have no exposure to MW/RF radiation. Among electrical and elec- 
tronics workers, risk was highest for engineers, teachers, techni- 
cians, repairers, and assemblers combined (RR=3.9; 95% C1=1.6, 
9.9) and was limited to excess risk from astrocytic tumors 
(RR=4.6; 95% C1=1.9, 12.2). Risk of astrocytic tumors among 
these electronics manufacture and repair workers increased with 
duration of exposure to tenfold among those employed for 20 or 
more years. Among e ectricians and power and telephone linemen 
combined (electrical tradesmen), the RR for astrocytic tumors was 
slightly elevated, but not .statistically significant (RR=I.8), and 
showed no consistent evidence of a duration-response relation- 
ship. Electrical tradesmen are exposed to extremely low frequency 
e ectromagnetic radiation while men in some jobs associated w i th  
electronics manufacture and repair are exposed to electromag- 
netic radiation in the very high frequency and ultra-high frequency 
ranges and also may be exposed to soldering fumes, solvents, and 
a variety of other chemicals.--JNCI 1987; 79:233-238. 

T w o  recent invest igat ions suggesied that individuals  
occupa t iona l ly  e x p o s e d  to M W / R F  elect romagnet ic  
rad ia t ion  have an elevated risk of brain tumors  (1, 2). In  
morta l i ty  surveys of occupat ions  listed on  death certifi- 
cates, excess b ra in  t umor  deaths were observed a m o n g  
electrical engineers  (1, 3, 4), e lec t ronics  technicians (2), 
electricians (1, 2, 5-7), power  station operators (2), an d  
telegraph,  te lephone,  and  power  l inemen and service- 
men  (1,,3). Al though  these occupat ions  might  involve 
exposure  to M W / R F  radia t ion,  some of them also m i g h t  
involve contac t  wi th  lead, fumes from soldering, sol- 
vents, and .a variety of o the r  chemicals. These  repor ts  

p r o m p t e d  a n  analysis of bra in  tumor  mor ta l i ty  risk 
associated with M W / R F  electromagnet ic  rad ia t ion  expo-  
sure and with jobs invo lv ing  electronics and electr ical  
work  us ing lifetime work  histories obta ined f rom next-  
of-kin in an invest igat ion conducted  in Louis iana ,  N e w  
Jersey, and P e n n s y l v a n i a  to study brain tumors  in the 
pe t rochemica l  industry.  Other  occupa t iona l  exposures  
considered in the present  analyses were lead and  solder- 
ing  fumes. 

SUBJECTS AND METHODS 

Study popu la t ion . - -Cases  and controls  were selected 
f rom death certificates of usual  residents of no r the rn  
New Jersey; Phi lade lphia ,  PA, and  s u r r o u n d i n g  coun-  
ties; and  the gulf  coast of Louisiana~ Cases were whi te  
m en  age 30 years or older  w h o  died of b ra in  or o the r  
central  nervous system tumors  between J anua ry  1, 1979, 
and  December 31, 1981 ( January  1, 1978, and  J u n e  50, 
1980, in Louisiana) .  Brain  t u m o r  diagnoses were verif ied 
t h ro u g h  a hospital  record review, and  men whose  under -  
ly ing cause of death h ad  been misclassified were e l imi-  

ABBREVIATIONS USED: Cl=confidence interval; ELF=extremely low 
frequency; MW/KF=microwave and radiofrequency; KR=relati ve 
risk; SIC=Standard Industrial Classification; UHF=uhra-hig h fre- 
quency; VHF=very high frequency. 
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Brain Tumors Among Men With Electronics Jobs 

TABLE 2.--Brain tumor r~lc among study subjects whose jobs ever involved exposure to MW/RF radiation'by duration exposed I i  

2_5 

Exposure and/0r occupation 

Ever exposed to MW/RF radiation 
Cases 
Controls 
RR ~�9 

Ever exposed to MW/RF radiation in'an 
electrical or electronics job 

Cases 
Controls 
RR ~ 

Expesed to MW/RF radiation but never 
worked in electrical or electronics job 

Cases . 
Controls 
RR ~ 

Total duratioh, in yr of MW/RF radiation exposure s 

Unexposed b <5 5-19 _>20 

359 18 18 29 
341 17 8 15 

1.0 1.0 2:3 2.0 a '  

359 8 11 22 
341 8 3 7 

1.0 1.1 3.7 3.1Ce 

359 10 7 7 
341 9 5 8 

1.0 1.0 1 . 5  1.0 

..J 

I 

I 
I 
! 

a,,Exposed,, subjects with unknown duration employed are excluded from these analyses. 
#The unexposed referent excludes subjects exposed to MW/RF radiation by method 1. 
RR = maximum likelihood estimate of the RR adjusted for educational class. 

~95% CI does not include 1.0. 
e Ch~-square test for linear trend statistically significant at the'.05 level. 

cal ly s igni f icant  twofo ld  elevated brain t umor  mor ta l i ty  
a m o n g  those exposed  to M W / R F  rad ia t ion  for 5 or  
more  Years, �9  there was no  consis tent  d u r a t i o n -  
response  r e l a t ionsh ip  wi th  longer  exposure  (table 2). 
O n c e  again,  this overal l  excess wus due to a threefold  
e levated risk a m o n g  M W / R F  radia t ion-exposed subjects 
w h o  had  an electrical or electronics job for 5 or  more  
years (table 2). 

T h e  m e t h o d  2 classif icat ion resul ted  in a s imi lar  f ind- 
ing  for M W / R F  rad ia t ion  field exposure  ( R R - -  1.7; 95% 
C I - -  1.1, 2.7). W h e n  men  w h o  also had exposure  to sol- 
d e r i n g  fumes (p r imar i ly  in electronics jobs) or read were 
r e m o v e d  f rom the  M W / R F  r a d i a t i o n - " e x p o s e d ,  g roup ,  
the R R  for b ra in  t u m o r  mor ta l i ty  was 1.4 (95% CI--0 .7 ,  
3.1) .  Remo.ving m e n  w h o  m i g h t  have h a d  o c c u p a t i o n a l  
e x p o s u r e  to o rgan ic  solvents  f rom bo th  the M W / R F .  
r ad ia t ion -exposed  g r o u p  a n d  the unexposed  referent  
f u r t h e r  reduced  the r isk of b ra in  tumors  to 0.4 (2 cases; 
5 controls) .  

Because excess b ra in  t u m o r  r i s k  a m o n g  M W / R F  
r ad i a t i on -exposed  m e n  was restricted to those w h o  he ld  
e lec t ronics  and  electrical  jobs, these occupa t ions  were 
e x a m i n e d  in m o r e  detail  (table 3 ) . . T h e r e  is over lap  
be tween  the " e x p o s e d "  subjects in tabIe 3 and  those in 
tables  1 and  2; however ,  electronics jobs no t  i nvo lv ing  

TABLE 3.--Brain tumor risk among study subjects 

exposures �9 to MW/RF radiation (e.g., assemblers) were 
also included in table 5. Electronics and electrical jobs 
were divided into the following two categories based on 
their potential exposures: l) jobs associated with the 
manufacture and repair of electronics .equipment, in- 
cluding engineers, teachers, technicians, repairers, and 
assemblers who could have exposure to VHF and UHF 
electromagnetic radiation and also to solvents and fumes 
from soldering (]2); and 2) electrical trades jobs, includ- 
ing electricians, power linemen and servicemen, and tele- 
phone linemen and servicemen who would be exposed 
to ELF electromagnetic radiation (12). A statistically 
significant threefold excess risk of brain tumors occurred 
among men who had worked in jobs associated with the 
manufacture and rcpai~ of ~l~ct(0/~i~. B~-ai~Td-rnbr ~nor- 
tality risk estimates were elevated for each of the indi- 
vidual jobs included in this category: electrical engineers 
(cases--3; controls=l; RR----2.2; 95% CI----0.2, 55.8), elec- 
tronics teachers (cases--4; controls--0), electronics tech- 
nicians (cases'-4; controls--l; RR--4A; 95% CI--0.4, 
96.3), electronics equipment repairers (cases--18; con- 
trols--4; RR----4.6; 95% CI--l.4, 16A), and electronics 
assemblers (cases--6; controls--l; RR--.5:6; 95% CI'-0.7, 
124.9). Some study subjects were counted more than 
once when the data were analyzed in this manner 

ever employed in an electronics oi" electrical job G 

I 
..A 

I 

i 
m 

I 

I 

I. 

I 

I 
I 

Occupation (Census codes) 

Other brain 
All b~ain Exposed controls Astrocytic tumor cases tumor cases 

tum~ No. RR b 95% CI No. RR b 95% CI No. RR b 95% CI 

Electronics manufacture and repair workers 2~ 7 3.9 1.6, 9.9 25 4.6 1.9, 12.2 3 1.4 0.3, 6.4 

, , J  

! 
(055, 148,.213, 523-526, 528-533; 683) 

Electrical tradesmen (527, 575-577) 2~ 15 1.9 0.9, 3.8 1 8  1.8 0.8, 3.9 10 2.1 0.8, 5.2 

aThe unexposed referent excludes subjects exposed ~ MW/RF radiation by methods i and 2. Fi~'e cases and 2 controls had jobs in both ! 
occupation categories. 
b RR = maximum likelihood estimate of the RR adjusted for educational .class. 
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ex-!ess brain tumor risk. Elevated brain tumor mortality 
,noeared to be due pr imari ly  to excess astrocytic tumor  
i ~ ,  which increased by durat ion employed in electronics 
:~nufacture and repair jobs. Results of the present 
study are consistent with  those of earlier studies ihat 
~mnd excess brain tumor  risk among  men in electrohtcs 

i ~ s  (1-4). Studies of electronics workers in Sweden idid 
~ i,'Ydt find elevated r isk  for brain tumors (13-15). i 

The pattern of excess brain tumor risk among electri- 
i . a n d  electronics workers, and n o t  among otl~ers 

to M W / R F  radiatiOn, suggests that s imple 
exposure to  M W / R F  rzd.~ation is not  the responsible 
,~n t .  Modifying factors might  include the typr of 

' ~ , / R F  radiation or the presence of other exposures. 
Iic trical tradesmen are exposed to ELF radiofrequen~'ies 
:,s~o,~i.~ed with electric power  lines, while some elec- 

t 
nics manufacture and repair workers are exposed to 
tF and VHF frequencies (12). However, MW2RF 
iation exposure in electronics jobs  is probably inter- 

mittent and may be accompanied by exposures to lead, 
~ d e r  fluxes, solvents, and  other chemicals, i 

: ~ o l d e r s  used in the electronics industry are. usually a 
cbmbination of lead and tin, but they.may also contain 
ciglmium or zinc (12, 16). The  most  common solder 
Bx .  the coating a round  the soldering wire, is pine resin 
Rip,phony), which is associated with occupational 
asth,na (16). When co lophony is heated, by-prodUcts 
I i:lude aliphatic aldehydes like formaldehyde (16) and 

i B n y  other substances. Fluoride compounds  are also 
",,.~d as solder fluxes (16). Lead is known to be neuro- 
toxic (17), but  its role .as a carcinogen is questionable. 

; ~ e r a l  laboratory studies have produced renal tumors 
' ~ r o d e n t s  exposed to inorganic  lead (18), and gliomas 
were induced in rats fed a diet of lead subacetate (19). A 

(' report described 2 children who showed clinical 
~l~toms of lead po i son ing  and subsequently devel- 
�9 t] astrocytomas (20). However, numerous studies 

h~ve been conducted of workers exposed to lead in bat- 
l e e '  plants and smelters, and none have indicated an 

s s  risk of brain cancer (18, 21-25). Our data showed 
levated brain tumor"  mortali ty risk among men 

i 
:upati0nally exposed to so lde r ingfumes ,  but almost 
of the "exposed" were electronics workers; thusl the 

~cts of soldering fumes could not be evaluated sepa- 
rat(.ly from solvents, M W / R F  radiation, and other expo- 
~l~'s associated with these jobs. There was no increased 

~ i n  tumor mortali ty risk among  men who presumably 
�9 ,~1 occupational exposure to lead. i 

Numerous solvents inc luding 1,1,1-trichloroethane 
~le thylchloroform) ,  trichloroethylene, tetrachloroeihyl- 

:~, and methyl ethyl ketone (16) used throughouL the 
"Jet:trical and electronics industry are known neuro- 

i 
:ins, causing peripheral  neuropathy,  centralnerl ,  ous 
tern depression, and neurobehavioral dysfunction i17). 
common acute effect of exposure to halogen~ated 

~i'.drocarbon solvents like methylchloroform, tr ich~ro- 

il ylene, and tetrachloroethylene is anesthesia (17). 
)erimental studies have shown that.trichloroethglene 

�9 .~d tetrachloroethylene cause liver tumors in animals 
�9 fl7, 26), suggesting, that they could be carcinogenic in ! 

!I 
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humans.  There have been insufficient experimental data 
to evaluate the carcinogenicity of methylchioroform'(26, 

27); however, a recent study reported evidence of astro- 
gliosis in gerbils exposed to methylchloroform by inha- 
lation (28). 

In summary,  our  data suggest that certain jobs involv- 
ing the design, manufacture,  installation, or mainte-  
nance of electronics or electrical equipment  involve 
exposures that are related to excess risk of astrocytic 
brain tumors.  Because these jobs may involve a wide 
variety of exposures (16), a specific etiologic agent  can- 
not  be identified from the present data. Results shou ld  
be interpreted wi th  some degree of caution, because 
when  risks were calculated for specific occupations and  
for individual  strata by durat ion employed, numbers  in 
single ceils were very small; therefore, the magni tude  of 
some RR estimates may be overstated or understated by 
these analyses. Despite this limitation, our findings sug- 
gest that further investigations of electronics jobs s h o u l d  
be conducted, wi th  particular attention to exposures to 
M W / R F  radiation, soldering fumes, and solvents. 
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Suppression of T-Lymphocyte 
Cytotoxicity Following Exposure to 
Sinusoidal!y Amplitude-Modulated Fields 
Daniel B. Lyle, Patricia Schechter , W. Ross Adey, and Robert L. Lundak 

Division of Biomedical Sciences, University of California, Riverside (D.B.L.), Research 
Service, Jerry L..Pettis Memorial Veterans Hospital, Loma Unda, California (P.S., 
W.R.A.), and Technic/one/nternationa/, Santa Ana, California (R.L.L) 

Significant inhibition of allogeneic cytotoxicity of the target cell MPC-11 by the murine eytotoxic 
T-lymphocyte line CTLL-I was observed when the 4-h eytotoxicity assay was conducted in the 
presence of a 450-MHz field sinusoidally amplitude-modulated at 60 Hz. Exposure of the effector 
cells to the field prior to adding them to the target cells in the cytolytic assay resulted in a similar 
inhibition, suggesting a direct interaction of the field with the cytolytic T lymphocyte. The 
inhibition was preferentially expressed during the .early allogeneic recognition phase. Field- 
exposed cyt01ytic cells recovered their full cytolytic capacity in 12.5 h. A differential susceptibility 
was observed with modulation frequencies from 0 to I00 Hz. Peak suppression occurred at 60 
Hz modulation, with progressively smaller effects at 40, 16, and 3 Hz. The unmodulated carrier 
wave did not affect the cytotoxicity. Effects with 80- and 100-Hz modulation were smaller than 
at 60 Hz. These results demonstrate an inhibitory but recoverable effect by certain amplitude 
modulations of weak nonionizing radiation upon the cell-mediated eytolytie immune response. 

Key words: microwaves, amplitude modulation, routine allogeneie cytotoxieity, T lymphocytes 

INTRODUCTION 

Exposure of  laboratory animals to nonionizing radiation can produce both general 
and specific changes in immune competence. Cases reported involving perturbation o f  
the genet:al hematopoietic system include: decreased total ceil volume of  bone marrow 
and spleen in mice [Rotkovska and Vacek, 1975], decreased leukocyte counts in hamsters 
[Lappenbush et a l ,  1973], and decreased circulat ing' lymphocytes with concomitant in- 
creasing circulating neutrophils in mice [Liburdy, 1977]. Specific changes in immune 
response observed after exposure of  animals for various lengths of  time to nonionizing 
radiation include increased lymphoblastoid transformation of  cultured peripheral blood 
lymphocytes from rabbits [Czerski, 1975], decreased phytohemagglutinin (PHA)-induced 
mitosis o f  cultured lymphocytes from hamsters [Lysina, 1965], and enhanced PHA- 

Received for review September 2.5, 198 I: revision received November 17, 1982; final revision received January. 
10. 1983. 

Address.reprint requests to Dr. W. Ross Adey, Jerry L. Pettis Memorial Veterans Hospit~it, Loma Linda, CA 
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~ j . :  induced mitosis of cultured ,ymphocytes from rhesus monkeys [Prince et al, 1972]. Other j ml of Rib 
~ !|,:i specific immune changes reported include an increase in complement-receptor positive 1 cells ~ t  
~ :  :.: lymphocytes in the spleens of mice [Schlagel et al, 1980], decrease of the B-cell primary I a fou r tg  

i: immune response to sheep red blood cells in immunized mice IWikt0r-Jedrzejczak et al, . | cells r0ti~i 
1977J, increase in response of cultured lymphocytes of rats to both T- and B-cell mitogens ~ _ == 

�9 �9 . �9 C y t o t  "~ ~ : .!. [Smialowiez, 1979], and increased antibody titer to Streptococcus pneumomae m mice | 1 .  
' ~ i  ~: [Liddle et al, 1980]. Field strengths were clearly at levels, in some of these studies, that | Cu-!c 
: . ~  i ~ �9 produce raised temperatures in animal test subjects in the range of 0.5 *C or more, | into micro 
~.!! ii~ and in others marginal increases may have occurred. Direct exposure of leukocytes in 1 C T L L ' I I  
~ i  ii vitro to nonionizing radiation where thermal effects were carefuily excluded has also been J given i'~. 
~.~i :i demonstrated to be capable of altering immune competence, ,=s in the decreased viability | carefully n 
~ ! i  '~ of rabbit granulocytes [Szmigielski, 1975], and a reduction in the numbers of granulocyte |. counter~ 
!]~i!ii! and macrophage colony-forming units from preparations of mouse bone marrow [Linet | was d e t ~  
~ !  ill al, 1979]. . ' - | �9 by analy~i.~ 
~ I  !~ This report describes a reproducible inhibitory effect of 450-MHz fields, sinusoidally | were 991~, 
?.~,~ :! modulated at frequencies from 0 to 100 Hz, On the allogeneic cytotoxicity reaction | Viabil i t i l  
ar, dk.::: ~ !  :~ conducted in vitro bv, CTLL- 1 cytotoxic T lymphocytes. All radiation_exposures were in ,| exposure'. . .... 
~!!ii~: an anechoic horn chamber at an incident field intensity of 1.50 mW/cm z. The expenments ~ MHz m ~ t  
~ : i !  reported here describe: (a) the magnitude of suppression of cytotoxic killing, (b) the cell | ' followinlt. 
~!i~'! ' population affected by the radiatmn (target cell or T-cytotoxic cell), (c) the phase of the I ' g l i  

�9 ~ ' i '  cytotoxic event that is affected (recognition and reduction" " or cytolysis), (d) reversibility -| ~" sane. 
~i! :I of the suppressive effects, and (e) differential sensitivity m amplitude modulation of the | j -  
~. = carrier wave at frequencies be!ween 0 and I00 Hz. . j ~, 

I'~ " " i Three-times 

: ~ , i :  MATERIALS AND METHODS . . |  unts i r ~ i ,  

�9 ";: ~:~:i!~ j '  M a i n t e n a n c e  o f  the  T L y m p h o c y t e .  Line" �9 ' . " value for '=.,J, 

: The "CTLL-I" T-cytotoxic cell line was obtained from Dr. James Watson (Urn- exposure 
.~!~ ! versity Of Adelaide, Australia), and was characterized by Gillis and Smith [1977]. Log- absence ~1~- 
~i~i~ ~ growth phase CTLL-I cells were cultured at an initial density of I x 10" cells/ml and ~ cultures, I!~ 
~ ' : .  i subcultured when the density reached a maximum of 2 x 105 cells/ml. These cells that | ('target Cells 
. ~ !  requ re T-cell tu'owth lactt,r ISchrcier ct al, ItJX()I were supplemented with new media | was nr,n .11' 
~! i  ! every 48 h. " " : I and was gJ',  
~~i,i . . . . . plastic film 
~ ! ~  ~: P r e n a r a t i o n  of T-Cell G r o w t h  F a c t o r - C o n t a m m g  Medium | ._ -,~ i~  '- " I as me anr 
~ : i .  ! Sprague-Dawley rat spleens were disaggregated to a single cell suspension by teasin~ l slanted a t l ;  
~ : i !  with sterile forceps, counted, and resuspended in 100-ml volumes in glass culture flasks | 70 ~ angle: " ' 
~ f ~  at a final density Of I x lO s cells/flask. The culture medium was RPMI 1640 with 10% | m 
~ : I  ~ fetal calf serum, 2 mM glutamine, antibiotics !I00 la.g/ml streptomycin, 100 U/ml pen- j A n e c h o i l !  
~ : ~  icillin, and 2.5 ~g/ml fungizone), 5 x 10 -5 M 13-mercaptoethanol, and 5 ttg/ml con- ~ The'~,, 
~ ! i ;  canavalin g. Following 48 h of incubation at 37 ~ the T-cell growth-factor (TCGF) ij lined with/it 
:i~. ~": containing supernatants were centrifuged, pooled, and sterile-filtered. Aliquots were fro- iJ end of the:; 
~ :  zen at - 2 0  ~ until �9 Before use, the TCGF medium was mixed with an equal !| absorber o~ '  
~ : :  . volume of fresh medium and used to culture the CTLL-1 cell line. This medium was ~ MHz. The ex 
~ ! ;  also used in the cytotoxicity assay. I of exci ta t i l .  

~ '  i :  : ~ i i ~  tOU~n~ ~t~ :iZTu:regdei~ftg~ih~:s~e ttlyt~ ' il ~ l : t ~ (  t r an smvaai~:; 
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ml of RPMI-1640 were incubated With 100 txCi NaS~Cr for 40 min at 37 ~ Labeled 
cells were washed three times in 50-mi volumes of Hank's balanced salt.solution, then 
a fourth time immediately before being dispersed into the .'tssay systcnl. Lal~cli,ig of target 
cells routinely l~rodtlced 3,11(11!.8,011(1 dixiolcgralions i)cr minulc' per 5 x I(I "a cells. 

Cytotoxicity Assay 

Chromium-labeled MPC-11 target cells were suspended in TCGF media and placed 
into microtiter wells (Linbro) at a cell density of 5 x 104 cells/well (0. l-ml volumes). 
CTLL-I allogeneic cytolytic cells wei'e then added to these wells in 0.l-ml volumes to 
give a final volume of 0.2 ml/well. Following 4 h ot ~ incubation at 37 *C,- 0.1 ml was 
carefully removed from the top of each well and the radioactivity measured with a gamma- 
counter (Beckman-Gamma 400()). Spontaneous release of  radioactivity by labeled cells 
was determined by cul.turing the cells in media only. Maximal release was determined 
by analysis0f  supematants from freeze-thawed labeled .ceils. Viabilities of all cultures 
were 99% or greater both at dispersal of cells into the plates and after a 4-b field exposure. 
Viabilities have also been determined for longer field exposure, both for 26-h and 40-h 
exposures, and have been measured at 99 _.+ 1.096 for Control and test cultures (450 
MHz modulated at 60 Hz). Specific allogeneic cytoxicity was determined using the 
following formula: 

% specific cytotoxicity = - (test'counts - spontaneous counts) x 100 
(maximum releasable counts - spontaneous counts) 

Three-times freeze-thawed labeled MPC target cells routinely released 70% of the total. 
counts in each culture. The maximum-releasable counts for each experiment was deter- 
mined by taking 70% of the total counts in each culture, giving one maximum release 
value for each experiment. These values were statistically identical with or without field 
exposure. Microwave-exposed cultures were tested in parallel to identical plates in the 
absence of microwaves. Control cultures were prepared identically to the field-exposed 
cultures, and consisted of a separate culture plate with six spontaneous-release wells 
(target cells only), and six test wells (target cells plus effector cells). The control culture 
was prepared at the same time as the field-exposed cttlture, using the s:mle cell population, 
al|d was gasscd.wilh 5% CO., and immediately covered with a pressure-sensitive adherent 
plastic =film. Th.r pla(e_wa s placed into an incubator monitored at the same temperature 
as the anechoic exposure system. The field-exposed plate was placed on a plastic stand 
slanted at a 70 ~ angle facing the field. The control plate was also placed o n a  stand at a 
70 ~ angle. 

Anechoic 450-MHz Exposure System 

The irradiation t:acility was constructed as a horn radiator, with a plywood frame 
lined with copper screening. The four walls and the plywood surface closing the wide  
end of the horn were lined with radi0frequency absorbing material (Echosorb). The 

�9 absorber on the endwall had a surface geometry designed to maximize absorRtion at 450 
MHz. The exposure area Was located nearthe broad end Of the horn 3 m from the point 
of excitation. The: feed system useda-terminated wave guide, and this. wave guide could 
be rotated through = 90 ~ to allow:either vertical or horizOnial polarization of the E-vector.  
All materials-;inside-the-chambex'-were--plywoo-d, -~l~sti~:, bor-pa-p~r.~WiilCan ;6~,ei.~llefigth 
of 4 m, the chamber was approximately 7 wavelengths long and was excited in the TE 
(transverse electric) mode. The chamber has a forced-air environmental Control system 
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i that recirculates heated air and ensures a uniform temperature throughout the chamber. 35 _ 1 
| 

This system was activated 2 h before exposure of cell cultures and maintained a tern- 4-h expos ur~ 
perature of  35 • 1 ~ at a constant relative humidity of 40% for all experiments. S t a ~ i s t i l ~  

A volume, in the exposure area near the .broad end of the horn, in excess of !.0 
m J has an SWR of 1.2:! or less, when unperturbed by biological preparations. The The.st 
electrical characteristics of the chamber have been calibrated by H. Bassen (Bureau of for each i ~ i  
Radiological Health, Rockville, MD). The field generating system was comprised of a were .detelm! 
low-frequency waveform generated with sine, square, and triangular wave outputs over numbers rro~ 
the spectrum from 0.01 Hz to 100 kHz (Wavetek Model159).  The modulating signal using Stunt ~ 
was applied through a PIN diode modulator to the output of a 450-MHz phase-locked from w h i i ,  t 
l~p-controlied . . . .  signal generator (Wavetek Model 3000). This generator drove a broadband .. was obta ig~  
linear power amplifier with a maximum power Output of 80 w (Ailtech Model 35512). counts per n- 
Depth of sinusoidal amplitude modulation was monitored with an oscilloscope and with . r e l e a s a b l l :  

ill an inline modulation meter/frrward-reflected power meter (Bird Model 5483). Modulation i ' 
)i:! I depth was maintained at 75-85  percent. An input powerto the chamber of 10 W.produced ~ RESULT~- 
~, a measured field intensity of 10 mW/cm 2 in the 1' m 3 at the exposure site described above, " : i '": Exp : 
if," with less than 5% variation over the entire volume, i allogeneic m ,  
~'.~ Incident field level at the exposure location was measured in two ways: with a i (Table 1). Si 
.;iT 

i!!i commercial field intensity probe (Narda Model 8300);. and with an experimental triple , .were e x p o ~  
if!: dipole probe provided for collaborative studies in. tissue dosimetry (H. Bassen, Bureau !~ .for the 4 - 1 ~  
:::.  of Radioiogical Health). A relationship between the sensitivity of this triple probe and ~ Since the t~: 
!;i'i an implantable tissue probe was established by exposing both to the same 450-MHz fields i merit, o b s ~  
~i~. in a Crawford cell [Adey et al, 1981]. However, attempts to use the implantable tissue i i y m p h o c y t l  
',~ probe for direct dosimetry measurements in individual culture wells were unsuccessful, ~ To eq~ 

due to the small dielectric volumein the well (0.2 ml) with respect to the wave length exposure, the: 
~) ,~ 

;i of the incident field (67 cm). Each well plate has 96 wells uniformly spaced in a 12 x 8 last 2 h or I ' .  
matrix. Spacing between well centers was 9 ram. Each plate was 13 x 9 era. During field durinL It  

:~ii exposure, plates were tilted to an angle of  70* above the horizontal, with the wells facing noted from a 
,i,i k 
'~". the incident field. As many as three plates were exposed at one time..They were then .confined t ~ol  
'"; ' that elicite( .:~ placed Vertically one above the other within the low SWR exposure site described above. | 
:!'! Incident field levels were adjusted to 1.5 mW/cm 2 in all experiments. Harmonic and recognition pi 

i :  i.~: "spurious content of the radiofrequency (RF). signal was periodically measured with a m .... 
spectrum analyzer (Tektronixmodel 7L13) as a check against partial failure of thepower m ,  

i amplifier outputtransistors, with possible contaminatiori of the output spectrum by these TABLE I. 1 nlllt 
" 4 5 0 - M H z  F ie ld  a 

. : components. "(m' 
:.~t' A further control on the cytotoxic sensitivities to modulated microwave fields re- 

I ~';~ ported here has been made in a Crawford cell exposure system at 37.0 - 0.1 ~ With 
~i! a 60-Hz modulated 450-MHz.field (1.5 mW/cm 2 incident power), observed inhibition of Experiment. 
%!: ' cytotoxicity in four separate experiments w.as at the same 20% level noted in the horn F I 
!:~ii chamber data reported here. Controls were placed adjacent to the Crawford cell in th ~ l "iel~c. 
~i same large incubator that housed it. 2 �9 
~:::~" Pre- and postexposure temperature measurements were made in the horn exposure ~ .  
'?:~ chamber, in wells on tissue plates in the exposure chamber, and in the control incubator. 3 
~I~F ~.~,) A digital thermistor thermometer .was used with a resolution of 0.1 ~ The exposed F 
~ thermistor tip diameter was 1:0 mm and its plastic sheath diameter was 3.5 mm. �9 4 cb-.: 
~i'r temperatures did not differ significantly fromthe air temperature of 35 ~ in the exposure 
~; chamber at commencement and termination of field exposure, nor from incubator air 
~:: temperatures at those same times for control preparations. Chamber temperature was *These da t  a repres il, | 
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35 "+" "l ~ No significant increase in exposure chamber temperature occurred over ihe 
�9 4-h exposure epoch. 

�9 Statistical Analysis 

Tlie statistical signilicancc of percent reductions in cytotoxicity were determined 
for each individual experiment, as indicated by the P values in Tables 1-5. The P values 
were determined using Student's t-test. Arcsin transformations of the six-replicate decimal 
numbers from which the mean percent test cytotoxicity was determined were compared 
using Student's l-lcsl lO the ai'csin transformations of the six replicate decimzfl numbers 
from whichthe mean percent control cytotoxicity was determined. Each decimal numbe~r 
was obtained by subtracting the appropriate spontaneous release mean from the individual 
counts per minute released in the assay and dividing that by the mean of the maximum 
releasable counts from which the spontaneous mean had been subtracted. 

RESULTS 

Exposure to the 450-MHz field sinusoidally modulated at 60 Hz during the 4-h 
allogeneic cytotoxicity assay resulted in a 20% inhibition of the observed cytotoxicity 
(Table l). Similar suppression was observed in experiments in which the effector cells 
were exposed to microwave radiation for a 4-h period before the target cells were added 
for the 4-h cytotoxicity assay which was conducted in the absence of the field (Table 2)~ 
Since the target myeloma cells (MPC-I1). were never field-exposed in the latter experi- 

�9 men[, observed cytotoxicity changes are attributed to field actions on the effector T 
lymphocytes. 

, �9 . - -  �9 

Toevalua te  the time-course of the cytotoxic suppression over the 4 h of field 
exposure, the cytotoxic cells were exposed to microwaves for the first 2 h only, for the 
last 2 h only, and for the entire 4 h of the cytotoxicity test (Table 3). Exposure to the 
field during only the first 2 h of the assay resulted in inhibition at levels similar to those 
noted from a full 4-h exposure to the field. In contrast, inhibition produced by exposure 
confined to the last 2 h of the assay produced only partial inhibition when compared with 
that elicited by the continuous 4-h exposure. This suggests a preferential effect Upon the 
recognition phase of cytotoxicity. 

TABLE 1. Inhibition of CTLL-I H.2e-Directed Cytot0xicity by Exposure During the 4-h Assay to a 
450-MHz Field at 1.50 roW/era 2, Sinusoidally Amplitude-Modulated at 60 Hz* 

Percent CPM Maximum Percent 
specific during Spontaneous releasable inhibition Of p. 

Experiment cytotoxicily cyrotoxicity CPM counts- cytotoxicity value 

1 Field 36 2;550. • 115 1,309 m 76 4,759 m 101 20 <.05 
Control 45 2,903 "+ 356 �9 • 222 

2 Field ' 58 4,959 • 718 2,511 ~ 796 6,759 _ 247 20 <.05 
Control 72 5,582 -~ 278 2,580 • 801 

3 Field 76 2,870 • 368 861 _ 64 4,137 -*- 216 24 <.05 
Control 81 3,500 + 595 786 _~ 16 

4 Field 25 1,839 _* 15 808 • 31 5,009 _~ 190 17 <.0001 
Control 30 2,125 • 36 893 "+ 58 

5 Field 30 885 + 22 355 -*- 24 2,121 • 105 17 <.0005 
Control 36 1,015 -,-39 383 "" 18 

*These data represent five experiments, each with six replicates. 
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TABLE 2.. Inhibition of C T L L i  H-2e-Di rected Cytotoxicity by Exposure of the T Lymphocytes to a. 
4$0-MHz Field Modulated at 60 Hz at 1.50 mW/cm z, for 4h Prior to Cytotoxicity Assay* 

Experiment 

Field 
1 . Control 

Field 
2 Control 

Field 
3 Control 

Field 
4 Control. 

Field 
5 Control �9 

CPM 
Percent during Maximum Percent 
specific cytotoxicity Spo,ta,cou,~ releasable inhibition of 

cytotoxicity assay CPM counts cytotoxicity " 

19 2,410 • 173 ..--= 7,587 • 460 

25 2,810 • 307 1,223 • 47 
• .1"45 --~= 2,270 - 51 
-*- 45 670 • 36 
• 542 ....= 6,141.• 350 
• 350 . t ,232•  90 
• 84 _ ,  3,172 • 306 
-*- 135 610 z 56 

53 1,521 
62 1,663 
47 3,524 
55 3,945 
35 1,502 
42 1,676 
12 1,33.4 • 58 __, 5,226 • 147 
16 1,542 .4- 104 857 • 21 

] )  

value 

24 <.025 . 

15 . <;025 

15 <.025 

17 <.025 

25 <.01 

*These data represent five experiments, each with six replicates. 
"This table describes the effect on cytotoxicity when the T lymphocytes are irradiated before the cytotoxicity 
assay is begun. Target ceils were added to Wells containing CTLL-I cells "after the CTLL-I had been exposed 

to the field. 

TABLE 3. Inhibition of CTLL-I H-20-Di rected Cytotoxicity by Exposure toa 4$0-MHz Field, 1.50 
roW/era z, Modulated at 60 Hz, During the Entire Assay, First 2 h, or Last 2 h of the 4-h Assay* 

Percent 
Field on inhibition 
during Percent CPM 

cytotoxicity specific d u r i n g  Spontaneous of P 
test cytot0xicity cytotoxicity CPM cytotoxicity value 

Experiment I 19 <.05 
All 4 h 58 4,959 ")= 718 2,511 "" 796 
First half 60 4,861 "*" 263 1,992 -" 443 17 <.005 
I~tst h:ilf 6b 5,288 z 2117 2,449 .--': 580 8 <.05 
Control 72 - 5,582 • 287 2,580 --+ 80 - -  

Experiment 2 " <.0005 
All 4 h 30 895 -'- 22 355 --- 24 17 
First half 32 977 "- 26 441 z 61 I1 <.01 
Last half 36 990 "- 19 364 --. 16 0 >.25 
Control 36 1,015 - 39 383 m 18 - -  

*These data are from two experiments, each with six replicates. (Maximum release counts: experiment I, 

759 -,- 247; experiment 2, 121 - 105.) 

The effects of  prior exposure Of the cytotoxic T lymphocytes to the electromagnetic 
field at varying intervals prior to the cytotoxicity assay were also investigated. Field 
exposure was delivered 1, 4, 9, and 12.5 hours prior to the 4-1i cytotoxicity assay. A 

20% inhibition of  cytotoxici ty was observed in the assay 1 h post-field exposure (Fig. 1, 
Table 4). The inhibition o f  Cytotoxicity had decreased to  13% and 12% at 4 h and 9 h 
post-field exposure,  respectivelyl Cytotoxic inhibition was no longer observed after 12.5 
h post-field exposure. As in the experiments in Table 2, target myeloma cells were not 
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ili  
4.0 9.0 

i 
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Fig. I. Recovery of CTLL- 1 H-2d-directed cytotoxicity inhibited by a 4-h exposui'e of the T lymphocytes to 
a 450-MHz field, 1.50 mW/cm 2, 60-Hz modulation. Two experiments are averaged here. Final values for each 
experiment are the average of six replicate cultures exposed in parallel. 

field-exposed, and altered cytotoxicity is attributed to �9 effector action by field- 
exposed T lymphocytes. The cultures were supplemented with fresh medium every 2 h 
by replacement of  0.1 ml of liquid in each well. Ceil viabilities at the end. of�9 assay 
were the same for both control and test wells (99%). 

The possibility of differential effects with amplitude modulation frequencies froha 
0to 100 Hz was then examined (Fig. 2; Tables 5 and 6). The unmodulated carrier wave 
did not influence cytotoxicity, and 3-Hz modulation produced only an insignificant 
suppression'. Differential suppression ~lt higher frequencies w;is seen, With 16, 40, 80, 
and 100 llz all produciug suppression (9%, I1%, 10%, and 13% respectively), but-at 

lower levels than that seen at 60 Hz (20% suppression). 

DISCUSSION 

A significant reproducible inhibition (20%) of allogeneic cytotoxicity of the TCGF- 
maintained marine lymphocyte CTLL-I was observed when the 4-h cytotoxicity assay 
was conducted in the presence of a 450-MHz field sinusoidally amplitude-modulated at 
60 Hz. This inhibition decreased sharply at higher and lower frequencies, with less 
suppression (9%, 11%, 10%, and 13% respectively) observed at 16, 40, 80, and 100 
Hz. Reduction of allogeneic cytotoxicity was not seen at 3 HZ or in the presence of an 
unmodulated field. The suppression observed at 60 Hz was transient in nature. Complete 
recovery wag observed 12.5 h following exposure to the microwave field. 

The modulated field could inhibit T-cell mediated cytotoxicity by at least two 
potential mechanisms: (a) interaction with glycoprotein target cell receptor molecules in 
the membrane of the cytotoxic T lymphocytes; and (b) modulation of critical calcium ion 
flux. Field interactions with cell membrane surface gl.ycoprotein s may in itself involve 
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,TABLE 4. Recovery of CTLL-I H-2a-Directed Cytotoxicity Inhibited by a 4-h Exposure of the '1 ~ 
Lymph~ytes  to a 4$0-MHz Field, !.50 mW/cm ~, 60-Hz Modulation 

Interval Percent 
from field Percent CPM Maximum inhibition 

tennination spccilic during Spontaur releasable of P 
to assay cytotoxicity cytotoxicity CPM counts cytotoxicity value 

Experiment I 
During 

assay 
l h  

4 h  

'9 h 

12.5 h 

Field-exposed 
Control 
Field-exposed 
Control 
Field-exposed 

�9 Control 
Field-exposed 
Control 
Field-exposed 

Control 

Experiment 2 
During Field.exposed 

assay Control 
I h Field.exposed 

Control 
4" h Field-exposed 

Control 
9 h Fieid..exposed 

Control 
12.5 h Field-exposed 

Control 

76 2.870 • 368 861 • 64 4,137 • 216 24 <.05 
81 3,500 • 595 786 • 16 
35 1,502 --- 84 --" 3,172 • 306 17 <.025 
42 1,676 • 135 610 • 56 
37 1,929 - 150 - - '  3,584 • 69 14 <.025 
43 2,143 • 183 611 • 48 
.36 1,816 ~ 219 --" " 3,980 • 126 14 <.05 
42 2,015 - l i t  597 • 59 
34 !,848 • 124 ..._a 4,419 • 102 - 4  >.25 
32 1,800 • 337 513 • 27 

tl 

25 1,839 • 15 808 -r 31 5,009 �9 190 17 <.0001 
30 2,125 -- 36 893 -- 58 
12 1,376 • 58 ma 5,226 " 147 25 <.01 
16 !,542 ~ 104 851 -- 21 
15  1;286 • "64 a "4,199 ----- 78 12 <.10. 
17 " 1,360 .• 94 787 ----- 49 
19 1,27'1 • 43 a 3,826 -- 132 10 <.f0 
21 1,340 ----. 92 673 • 9 
32 1,282 -- 55 --" . 2,699 • 79 3 >.10 
33 1,299 • 32 608 -- 31 

if'his table describes the 'recovery of cytotoxicity to control levels as measure d by cytotoxicity assays initiated 
at different times after the CTLL-1 cells were exposed to the field. " . 

modified calcium binding. It has been shown that weak electromagnetic fields can influence 
the aggregation o f  acetylcholine receptors on embryonic muscle fibers [Orida and Poo, 
19781, and.the aggregation o f  concanavalin A receptors on lymphocytes [Poo and Ro- 
binson, 1977]. Evidence has also been accumulated using a clonal line of  osteoblast cells, 
as well as cultured bone preparations, that weak electromagnetic fields can alter the rate 
of  formation of  adenylcyc!ase  in response to parathyroid hormone [Luben et al, 1980; 
Norton et al, 1980]. Adherence to the effector cytotoxic T lymphocyte via specific 
membrane receptor molecules to the target cell has been shown to be a necessa(y, pre- 
requisite to lysis o f  the target cell [Abler et al, 1970]. Furthermore, the target cell receptor 
has been implicated in directing or triggering the T cell cytotoxicity mechanism [Kuppers 

and Henney,  1976; Fishelson and Berke, 1978]. 
Although t he m e c ha n i sm  of  T-cell mediated lympholysis has not yet been agreed 

upon, considerable evidence s'upports the delivery of  lytic molecules of  lymphotoxin to 
the adhered target cell membrane as directed by specific target cell receptor molecules 
[Ware and Granger,  1981]. According to Ware and Granger 's  model o f  T-cell mediated 
lympholysis ,  lymphotoxin precursor subcomponents form part o f  a macromolecular  com- 
plex upon the surface o f  the cell membrane.  The complex is thought to have three essential 
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Fig. 2. Inhibition of CTLL-I H-2a-directed cytotoxicity by exposure to a 450-MHz field, 1.50 mW/cm z, 
sinusoidally amplitude-modulated between 0 arid 100 Hz. The inhibitions represented at 0, 3, 16, 40, and 80 
Hz are the average of two experiments each. The inhibition at 100 Hz is the average of three experiments. The 
inhibition at 60 Hz is from the same five experiments of  Table 1. Final �9 values for each experiment are the 
average of  six replicate cultures. 

TABLE 5. Inhibition of H-2d.Directed Cytotoxicity by Exposure to a 450-MHz Field, 1.50 mW/em z, 
Sinusoidally Amplitude-Modulated at 0, 3, and 16 Hz 

Percent CPM Maximum Percent �9 
Modulation . . specific during Spontaneous releasable inhibition of  P 
frequency Experiment cytotoxicity cytotoxicity CPM counts cytotoxicity value�9 

3 Hz 

16 Hz 

I Field 50 3,355-,-  321 1,378 • 124 5,299 ",- 144 4 < .25  
Control 52 3,308 • 138 1,160 "+ 53 

2 Field 34 2,038 __. 31 914 ~ 80 4,270 _ 132 - 3  > .25  
Control 33 1,998 ",- 104 892 _ 84 

I Field 7 3  2,269 __. 66 846 -,- 18 2,787 • 73 4 < .25  
Control 76 2,323 • 102 884 m 47 

2 Field 49 1,521 -,- 76 432 _ 44 2,644 • 154 2 < .25  
Control 50 1,519 ",- 163 380 _ 17 

1 Field 36 3,576 • 194 1,079 _ 77 8,017 ~ 450 10 < . 0 l  
Control 40 3,875 z 145 1,121 • 77 

2 .  Field 54 1,669 - " 5 8  432 • 20 2,71i z 86 8 < .10  
Control 59 1,784 ~ 105 391 _ 24 

subunits: ta) the antigcn-sp~:citic receptor, (b) a catalytic unit cotnposed of inactive 
lvmphotoxin subcomponents, and (c) an activation unit. Upon binding to antigen or lectin. 
two signals would occur: one to  instruct'the cytotoxic T lymphocyte to redistribute 
additional complexes to the axea of effector-target cell membrane contact, and the other 
signal prompting the activation and delivery of the iymp-hotoxin unit to the target mem- 
brane surface. Following ,this "programming-for-lysis," the presence of the effector lym- 

LIB 

1.113 



d 

!i ii 
!iij  
~::?.1 

: :i! 

[ l : /  

rii- 

J,"~ I 

II,:! 

290 L y l e e t a l  ' " - " " , . ' " 
TABLE 6. Inhibition of CTLL-I H-2d-Direeted Cytotoxicity by Exposure to a 450-MHz Field, 1.50 . Ct 
mW/cm 2, Sinusoidally Amplitude-Modulated at 40, 80, and 100 ltz 

"ACKN i 

Percent CPM 

Modulation specilic during SIx)tltuncous 
frequency Experiment cytotoxicity cytotoxicity CPM 

Maximum Percent �9 
releasable inhibition of I ) 

counts cytotoxicity va'lue 

40 Hz 

80 Hz 

100 Hz 

Field 61 965 - 50 23I • 16 1,436 - 41 9 <.025 
I Control 67 i,045 • 36 258 --. 14 

'Field 40 984 - 73 306 -r 16 i,995 • 40  13 < . 0 5  

2 Control 46 . 1,069 - 57 284 - 22 

Field 2 2  1,656 .+ 72 793 •  4,768 • 301 12 <.005 

1 Cont ro l  25 1,866 "r 51 907 �9 27 
Field 47 1,344 - 7 1  332 • 19 2,471 - 86 8 <.05 

2 Control 51 1,416 • 49 328 - 19 

Field 19 2,648 - 74 1,201 - 63 8,850 - 259 9 < .10 .  
I Control 21 2,953 ~- 216 1;415 -- 62 

Field 43 1,348 "r 52 378 - 20 2,661 • 116~ .14 <.0025 
2 Control 50 1,493 - 80 338 • 26 

.Field 61 1,062 • 22 247 - 3 2  1,590 • 31 15 <.001 
3 Control 72 1,208 • 66 245 • 21 

phocyte is no longer necessary for subsequent lysis of the target cell, which may take 
up to several hours to occur [Martz and Benacerr.af, !973]. 

We observed that the murine allogeneic cytotoxicity reaction is preferentially in- 
hibited by field exposure during the initial phase of the assay (first 2 h), in which 
programming-for~lysis occurs. The modulated field could be affecting any or all of the 
postulated functions of the target cell receptor which are crucial to the cytolytic mech- 
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anism. These sites for field-perturbation are: (a) interaction of the receptor with specific Gillis S, Sm:. 

~'~ii: ii: plexes to tile area of lymphocyte-target cell membrane contact, or (c) receptor-mediated M. I 
~i ! i i  target cell antigen, (b)receptor-directed redistribution of additional macromolecular corn- Golstein P ,  

[ " ~  'i delivery of act ira ted lymphotoxin units to the target cell membrane. K impel GR ; 
Another early requirement, for lysis of the target cell is the presence of calcium Kuppersinduc:RI 

[Goldstein, 1975]. The programming-for-lysis stage will not occur if Ca 2 § is absent from | in e I 
I ~ i ! !  the culture medium IGately and Martz, 19791. It has been established that calcium efflux ~ Lappenbus|, ; 
I ~ ! H :  from nervous tissue can be modulated by Weak clcctn)magnetic lields [Bawin et ,'d, 19781. radiat~ 

Furthermore, calcium efflux from chick brain tissue was shown to be sensitive to amplitude Laskov R. ! 
I ~!:!!  i modulation frequency, with a peak effect occurring at 16 Hz [Bawin et ai, 1975; Black• glob= ~ 

et al, 1979]. Exposure of chick cerebral hemispheres to 450,MHz fields amplitude- Liburdy RP_(._ 
la ..~!~t~'it~.~ i~ modulated at 16 Hz resulted in an increased calcium efflux of 10% or more at field Liddle.CG.I 
z ~ i ~  intensity of 0.1-1.0 mW/cm. A similar effect, but with different field parameters, might G H g  
| ~ , . / !  Lin JC, Ott .... ~.i/,~ be occurring during the calcium-dependent programming-for-lysis stage ofT-cell mediated ceHs_f._ 

i iiii l y m p h o i y s i s . .  - " ,  ' - ' Luben R A m  
I ~ : ! ~  ~ Field-perturbation of critical calcium ion flux or membrane receptor function are horn I 
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functional capacity Of the T lYmPhocyt e in cell-mediated immune response is sensitive 
to weak microwave fields amplitude-modulated at low frequency, and that thei'e is a 
differential sensitivity to the modulation frequency, with maximum effect at 60 Hz. 

ACKNOWLEDGMENTS 

We wish to thank Dr. James Watson, University of California, Irvine, Medical 
School (currently at University of Adelaide, Australia) for kindly Supplying the CTLL- 
1 cell line. This research was supported in part by American Cancer Society Grant No. 
IM253, Department of Energy Contract DE-AI01-79078, and Bureau of Radiological 
Health Contract RO1-FD00063-03. 

REFERENCES 

Abler ME, Lee' JC,  Rosenau W (1970): Lymphocyte-target cell interation in vitro. Ultrastructural and cine- 
matographic studies. Am J Pathol 60:421--427. 

Adey WR, Bawin SM, Burge B, Bassen HI, Franke KE (1981): Electric fields in cat brain exposed to 450 
MHz CW fields in semi-far fields. Bioelectromagnetics Society, Third Annual Meeting, Washington, 
D.C. Proceedings, p. 35 (Abstract) 

Bawin SM, Kaczmarek LK, Adey WR (1975): Effects of modulated VHF fields on the central nervous system. 
Ann NY Acad Sci 247:74-81. 

Bawin SM; Adey WR, Sabbot IM (1978): Ionic factors in release of 4SCa2" from chick cerebral tissue by 
electromagnetic fields. Proc Natl Acad Sci u s A  75:6314--6318. 

Blackman CS, Elder JA, Well CM, Bennane SG, Eichinger DC, House DE (1979): Induction of calcium ion 
efflux from brain tissue by radio frequency radiation: Effects of modulation frequency and field strength. 
Radio Sci 14:93-98. 

Czerski P (1975): Microwave effects on the blood "forming system with particular reference to the lymphocyte. 
Ann NY Acad Sci 247:232-242. 

Fishelson Z, Berke G ( 1978): T lymphocyte-mediated cytolysis: Dissociation of the binding and lytic mechanisms 
of the effector cell. J Exp Med 143:1121-1126. 

Gately MK, Martz E (1979): Early steps in specific tumor cell lysis by. sensitized mouse T lymphocytes. III. 
Resolution of two distinct roles for calcium in the cytolytic process. J Immunol 122:482-489. 

Gillis S, Ferm MM, Ou W, Smith KA ( 1978): T cell growth factor: Parameters of production and a quantitative 
microassay for activity. J Immunol 120:2027-2032. 

Gillis S, Smith. KA (1977): Long term culture of tumor-specific cytotoxic T-cells. Nature 268:154-156. 
Golstein P ( 1975): Post recognition Mg" * orCa ~ " dependent even!s in cell-mediated cytotoxicity. In Seligmann 

M, el al (cdsl: "'Mc,nbrane I,~cceplors of Lymphocytcs." New York: A,ncrican Elsevier, pp 399-4(11. 
KimpelGR, Byus CV, Russel DH, Lucas DO (1979): Cyclic AMP-dependent protein kinase activtion and the 

- -induction of omithine.decarboxylase during lymphocyte mitogenesis. J lmmunol 123:817-824. 
Kuppers RC, Henney CS ( 19761: Evi;.lence for a direct linkage between aqtigcn recognition and lytic expression 

in cffcctor T cells. J Exp Med 143:684-689. .. 
Lappenbush WL, Gillespie L J, Leach WM, Anderson GE (1973): Effect of 2450-MHz microwaves on the 

radiation response of X-irradiated Chinese hamsters. Radiat Res 54:294-303. 
Laskov R, Scharff MD (1970): Synthesi s, assembly, and secretion of gamma globulin by mouse myeloma 

cells. 1. Adaption of the Merwin I~lasma cell tumor-ll to culture, cloning, and characterization of gamma 
globulin subunits. J Exp Med 131:515-541. 

Liburdy RP (1977): Effects of radiofrequency radiation on inflammation. Radio Sci 12(6S):179-183. 
Liddle CG, Putnam JS. All JS, et al (1980): Alteration of circulating antibody response to mice exposed to 9- 

GHz pulsed microwaves. Bioelectromagnetics 1:397-404. 
Lin JC, Ottenbreit M J, Wang S-L, et al (1979): Microwave effects on granulocyte and macrophage precursor 

cells of mice in vitro. Radiat Res 80i292-302. 
Luben RA, Chen M, Rosen D, et al (1980): Effects of therapeutic electromagnetically, induced current on 

hormone responsiveness of bone cells in vitro. J Eleetrochem Soc 127:129c. (Abstract) 
Lysina. GG (1965) Effect of superhigh frequencies on the morphological composition of  blood. Gigi Sanit 

30:95-96. 

/ 

LIBi 



:i+ 

il 

, ! ,  

r � 9  

:il 
:r 
? .  

! � 9  !q 

it �9 
ril" 

i �9 

.J 

+ 

. - . . . . . . . . . . . .  � 9  _ . . . . . . . .  

292 Lyle et al 

Martz E, Benacerraf B (1973): An effector-cell independent step in target cell lysis bY sensitized mouse 
lymphocytes. J Immunol 111:1538-1545. 

Nabholz M, Conzelmann A, Aeuto O, et al (1980): Established murine cytolytic T-cell lines as tolls for a 
somatic cell genetic analysis of T-cell functions, lmmunol Rev 5l:125-156. 

Norton LA, Shteyer A, Rodan GA (1980): l-lectronlagnetic iield c![ccts on I)NA synthesis in bone cells. J 

Electrochem Soc 127:129. (Abstract) 
Orida N, Poo MM ( 1978): Electrophoretic movement and localisation of acetylcholine receptors in the embryonic 

muscle cell membrane. Nature 275:31-35. 
Poo MM, Robinson KR ( 1977): Electrophoresis of concanavalin A receptors along embryonic muscle membrane. 

Nature 265:602--605; 
Prince JE, Moil LH; Frazer JW, Mitchell JC (1972): Cytologic aspectof mdiofrequency radiation inthe 

monkey�9 Aerospace Med 43:759-761. 
Rasmussefl . . . .  1975): Ions as "second messengers." In Weissman G, Claibome R (eds): "Cell Membranes." 

City: HP Publishing Co., pp 203-212�9 . �9 
Rotkovska.D, Vacek A ( 1975): The effect of electromagnetic radiation on the hematopoietir stem cells of mice. 

Ann NY Aead Sci 247:243-250 . . . .  
Schlagel CJ, Snick K, Ho HS, et al i1980): Biologic effects of microwave exposure. II. Studies on the 

mechanisms controlling susceptibility to microwave-induced increases-in complement receptor-positive 
spleen cells�9 Bioelectromagnetics 1:405--414. 

Schreier MH, lscove NN, Tees R, Aarden L, Von Boehmer H (1980): Clones of killer and helper T ceils: 
Growth requirements, specificity and retention of function in long-term culture, lmmanol Rev 51:315-335. 

Smialowicz RT (1979): Hematologic and immunologic effects of nonionizing electromagnetic radiation. Bull 
NY Acad Med 55:1094-1118. 

Szmigielski S (1975): Effect of lO-cm (3-GHz) electromagnetic radiation (microwaves) on granulocytes in 

vitro. Ann NY Acad Sci 247:275-280�9 
Ware CF, Granger GA (1981): Mechanisms of lymphocyte-mediated cytotoxicity. III. Characterization of the 

mechanism of inhibition Of the human alloimmune lymphocyte-mediated cytotoxic reaction by poly- 
specific anti-lymphotoxin in vitro. J Immunol 126:1932-1940. 

Wiktor-Jedrzejczak W, Ahmed A, Czerski P, et al (1977): Immune resp6nse of mice to 2450-MHz microwave 
radiation: Overview of immunology and empirical studies of lymphoid splenic cells. Radio Sei 

12(6S):209-219. 

L 

I 

J .  �9 

! 

I 
I 
I 
I 

Wilson B~  
60-Hz e l e l  
371-380. 

A malfun I. 
publication( 
than 65 kV i 
the same r l !  

�9 J 

I 
I 
I 
I 

. A ,  

i 
I 

, 

I 

I 



I 
�9 ~ , ~  ~ 

. ~ ~ . : .. ~ ~ ~ ~ . ~  ~ -~ ~ ~. 

m 

. ..- ~ ~ ~ ~ ~ ~E! ~ 

i 
! = =" E E ~ . E =. ~ ; . . . 

i 

I 
. 

I 
I 
I ,  

I 
| ,  

i 

A A ~ �9 

~ , =  "'~= 

~- ~.',, 

0 

0 . .  ~ ('3 - ~'~ 

�9 D 
d~ ~ ;P~I. 

. ~  ~ ~ . ~ E  
Q, 

�9 . i m r )  

. ~ . ~ ,  

w i , I  

o ~ 

m 

o 

7-  " 

~ "  ~ 

, 0  

z 
,< 

z g~ 

= 

Z 

0 Z 

0 
i-,i , 

0 
r~  



�9 "mI , 

g ,~ , ~ ~ ~ . 

, ~ ~  ~ ! ' ~ -  ~ '- , ~: I ,.. ~ ,., ~ ~ ~ ,- ~ ~ o ,: ~ ~ 
, ~ ~ ~ . .  ,: ~ �9 . o . ~  ~- ~ , ~  

~ ~ ~ =- 

" ~ ~ " ~ a ~  ,,, ,.,. o i 

,,. ~ -. ~ ;  =" ~. . ~  .,, ~ ~ 

~" ~ ~ ~ ~ ~ : ~ ~ ~ �9 

~i~.~ " ~ .  ~ .~  

" g 

I 
I 
I 

: e  

�9 ~, = 

�9 ~ ~ ~ | - 

,-.. ~ ~. ~ "~ ~ | . 
~ ~ " ~,~ 

o ~  

i ~'~~ ~ i~  I I 

,11) 

~ ~ o 

o ~ ~" 

* I O , �9 

I 

,~ ~ | 



"" t " ' ;  :" 
I �84 ; 

! , , q 

< 0 0 Pl �9 " ~ l  fll ~ I,,- ( I  ~ �9 ~ I .~ I D 

O ,  ki, w I"l l i  I l l  m '  I I  ~ f I  {0 ID I I  ~ll ~1 ' l l ,  

, ~ Z . = ~ E - "~ ,  - ~ _ - o  _ g g . �9 ~ .  & . 
~ x m , -  2 tt ~ .  < = . ' -  - .  o o . = ~ m ~. = .  = 

�9 w,. ~ " ~  0 ~ ~l i  ~ ~: ~ el, ' m - ~ n 0 . - .  

o~ " ~ = ~,, ' ~ "  = - = �9 .~ < = ; ;  " - " ' �9 ,i "-, , ,, a | ,.,. , : "  o " '  ~ " 3 " " " o o . = .  i ,.,. 
I I  ell I'1 I~l GI I "  ID - -  " ' "  ~,, ~ I . - -  

=. . .  . ~ _ . .  ~ .=" _= . -,2 �9 ~ �9 = ~ - | . .= =~ �9 " " ~ .- ~ n . ~.. r,. m s < ,= ~ n ~ ~.  ,-. m o " ~,  

= " ~  o ~ o " ~ "  ~ - 

_ ~ o ~ m : o ' ~  m ~ ~ o 

,-. o ~<' - i |  ,.,. ~. o "~ o .  = .~ 

~, ~ ~= ,< ~ - . =~ . ,< . �9 | , .  o,9,, o" = . ~ o = 

" " " -  = E " ~ -= J~ " = = ~ " " " 

n 
�9 "~  

~ . - ,  7 = , < ~ , a _ - . .  p ~ ~ ,< . . �9 ~ . .  . . �9 

,< 
i ~;~- =, m = ~ o  " =. ~ ' =- tl 

~ .~ ~ ~ ~ ~ ~ I*, M 

0 I .~  |174 |174 = .~  ~.  - . = _ ~ . , -  . ) .  , , . ,  ,~  =,. 

~,,. E ~ = ' ~ -  ~" I~" ~ : ,.. = - ~ ,< ,., ~. ,, ~ ~, ~ .= 
= ~ .  o |  ~ , ~  m , =  ,= = : " " = - - - ' " " , - 

= 2 E ; ~ - ' = " , , = - ~  - | ~ = '< c - ", - | 

" ~ '  ~ ' ~ .  l . . <,.'< = t "  ~ " =  = ..=" ~ = = ~ g | ~" ,E 

: w s ;'s'" f - " ~  i l  l -  " E z ~ ~ - 

,.. - . , + . . .  , ,  , ~ = ; = =" 
e, �9 ~, I n I , 

�9 . . o .  .,, =,. j ,, = .~ g ~ ~. 
�9 ~ ~ 0 I ' 1 .  

"+ = o ' < = ' |  , + < .  , ,  ~. ~' | =," ~ -9 �9 + [ " + 
�9 I'I II 

. 

- , ", . , 



i 

OI05"~.lLt, OO'IO~OI981Xs163 

l.V 

I 

i 
�9 UOT=s;mb SUT:~ sazm:~UT I ~ s  ut p ie.,. 

~aod~ =mLT. "UOT~eTpea.TT l~u~mb~z=~OTp~= oTuozq~ =o p~:le~daa ~u~llo 

;m~ uT =~176 l l r [n 'd~~ PaTTnb~ ~  " I 'pTATpUT Zq~ I '~ l  " T a ~ ' q ~ ~  " / : : ~  c "  

~1:1 uT p~:lea~l~ns Klg~oa:s me~ aOT:i~uuo~ ~TSOlOT: ~ sT'q: 'l~aapuI "/~oT 

TsuoT~$ppe p~t, am~to ~:1 poe a = n s o d ~  ~umnb~=~oype~ ~q3 ua~,z:zaq dTqSUOTUeTa ~ 

:~=,~.T~.-pue-,sueo :lOT.Z:~S . - q s T l q e : ~ s - o : I  p~pu,:lu"T zou ,.'[ql~ssod :lou sm, :~T I ! I ~  

:ls~q:l :W "K~OlOq:lsd leUOTnTppe ue pa~TqTq~ ass~ qo~r~ qOTq~ u T S~Tan[~uT ~-su~] 

�9 K:lT~U~ ~eoT~Iosou e'paapuT_ s ~  Kan[~UT ~I K:~umtb~z~oTpea "~ml~ ~UT.nUji~ 

�9 {q~ami~ ' (C '~ )  ~Iaumpu~d~puT P~T~Taaa ~I~,uanb~sqne.mea ~uTpuT: ~ STq.T, " (T)  _~ 

�9 Ii UT am Zq p~qI~os~p l s l l t  ~ss K~=au~ l ~ u ~ n b ~ t o T p e :  o:l e lnsodx~ o~ ~np ,C T 

~o aan:eu~Te e ee ~ s  plno:~ :meae:leo z~ l n sdeo  pa=Tnbo~ :)~:~ :~:)s~ " ~ ,  

m i  

NOls I Ii 

Aouanb~ag a3ueuosa:  m,13 - -  s e l n 3 e l o m  OT:~ua S ~TO ,C3TAT3De ieoTmaq~ ~q~ Te 
KI~O~zTP uva UOT~eTpe=a T K~uaub~a~oype= ,Cq~mtl~ mssueqo=m ~Iq.Tssod" e S U T e ~ ;  
~eq~ pasodoad s T STSaq3odAq y ~ q uT s : l ~  ~Tua~e:lnm pue ~ansod~  
UOT3eTpe~ ~UTZ~UOTUOU u~ma:l~q dTqeUOT~el~ .~q3 ~0 UOT:le~T:~se^u T s:l~mL~d 
am4:l PmqTa=sap ST q~ae~sea le~TUTl = ao~ s p~zTieuoT~a V | 

s /a ' elwPsawoS' 
UOl:~epunod :Zaaz~ 
:la.zsZ "H uo:lT'R,~ 

I 
I 
m 

' EISIAV'~,T, 'S~IOHns ~ t~I ~Os 'V SV. NOZAVIaV'dNI /,Dt~-~flO~dlOIaV'd " 1  

i 

I 

(9%61) E~-4'7 '(I)5 'AllDl~ID~q~OI~ ~0 qv l/ 

I 



i 
I 
I 

i.m . 

.,I I 

!11 
:i- I 

i 
i 
1 

glUOICUUUlII~IylIt~LI(;~ o;oql--~tO| (~!~Uq) 

Alterations in Pr0tein�9 Activity. 
�9 Following Exposure of Cultured �9 
Human Lymphocytes to Modulated 
MicrowaVe Fields 

Craig V. Byus, Robert L. Lundak, Ramona M. Fletcher, and W. Ross Adey 
Division of Biomedical Sciences and Department of Biochemistry, University of California, 
Riverside (C. VB.), Techniclone International, Santa Ana, California (R.L.L, R.M.F.), and 
Jerry L. Pettis Memorial Veterans Hospital, Loma Linda, California (W.R.A.) 

Cultures of human tonsil lymphocytes were exposed in a Crawford cell to a 450-MHz field 
(peak envelope intensity 1.0 mW/.cm2), sinusoidally amplitude modulated (depth 80%) at 
frequencies between 3 and 100 Hz for periods up to 60 rain. The Crawford cell was housr �9 
in a temperature-Controlled chamber (35 ~ and control cultures were placed in the same 
chamber. Activity of cAMP-dependent protein kinase relative to controls remained unal- 
tered by fields modulated at 16 or 60 Hz with exposures of 15, �9 and 60 rain. By 
contrast, total non-cAMP-dependent kinase activity fell to less than 50% of unexposed 

-control levels after 15 and 30 rain cx~gsure~t,._d_~pite continuing field exposure, 
returned to control o([i~ee~l.~e~_levels b~ 45 and. 60_lTlia..A smaller reduction (20-25 %) 
also occurred with 60~"~z modulation and was also restricted to exposure durations of 15 
and 30 rain'. ~ 450-MHz fields were without effect. Reduced enzyme activity occurred 
with 16-, 40-, and 60-Hz modulation frequencies, but not with 3-, 6-, 80-, or 100-Hz " 
modulation. The specific identity of this kinase is unknown. This rapid hut transient 
reduction in lymphocyte protein kinase activity restricted to.modulation frequencies be- 
tween 16 and 60 Hz and to less than 30 rain exposure is consistent with "windowing" with 
respect to modulation frequency and exposure duration. 

Key words: microwaves, amplitude modulation, human lymphocytes, protein kinase 

INTRODUCTION Q: 
During the  past ten years, a considerable number  of  reports have dealt with 

effects o f  nonioniz ing electromagnetic fields on the immune system. Many of  these 
studies �9 have investigated alterations in immune cell functions following exposure of  
animals or lymphoid cells in vitro to microwave fields of  sufficient intensity to 
increase body or cellular  temperatures [Smialowicz, 1976, 1979; Sultan et al, 1983; 
Szmigielski et al, 1978; Yang e t a l ,  1983; Rama Rao et al, 1983]. By contrast other 
studies have found changes in a variety of  parameters related to immune  function 
following exposure io microwave 'and  other radiofrequency fields 'at "non the rmai"  
intensities [Baranski,  1971,1972; Czersld, 1975; Deichman et al, 1964; Djordjevic 

Received for review October 18, 1983; revision received March 9, 1984. 
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C'A 92357. 
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.and Kolak, 1973; Huang, 1980; Lyle et al, 1983; Mayers find Habeshaw, 1973; 
Stodoinik-Baranska, 1974a,bl. Also, in some studies no measttrable effects of low 
energy fields were observed in general hematopoietic ,function s [Smiaiowicz, 1976; 
Yang et al, 1983; Roberts et al, 1983]. Our studies have been concerned with these 
nonthermal effects of modulated microwave fields of low energy on cultured 
lymphocytes. ' 

We .have measured the activity of protein kinases in cultu~ed.1;mphocytes 
exposed to modulated microwave fields. Protein kinases are enzymes with the general 
property of phosphorylating other eiazymes or proteins. This covalent modification, 
ie, the additionof a phosphate group to a serine, ,threonine, or tyrosine residue of the 
protein, alters the function of the protein phosphorylat.ed. If the. phosphorylated 
protein is an enzyme, for example, activity of the enzyme is modulated following 
phosphorylatioti. Protein kinases have been im21ieated in regulation of many int.racel: 
lular processes, including glucose and lipid me'ta6olism, protein synthesis, membrane 
permeability, enzyme induction, viral transformation, and many other functions [see 
Rosen and Krebs, 1981]. 

.In terms of immune system function, we have reported previously that the. 
activation of a specific protein kinase, cyclic AMP-dependent protein kinase, may be 
important in mediating action of mitogens on cultured human peripheral blood 
lymphocytes [Byus et al, 1977, 1978; Klimpel et al, 1979]. The activation o f  cAMP- 
dependent protein kinase occurred within an hour of the addition of various mitogens 
to the cultured lymphocytes, well before any increase in DNA synthesis. For this 
reason, we examined effects of modulated microwave fields of low energy upon 
activity of l~rotein kinase(s) in tonsil lymphocytes under conditions in which the 
temperature elevation at the end of field exposure was less than 0.1 *C. 

We observed.a marked reduction in tonsil lymphocyte protein kinase activity 
within 15-30 min of onset of field exposure. The decrease in kinase activity was 
transient in that after a 60-min period in the field activity had returned to control. 
(nonfield) levels. The reduced enzyme activity resulting from field exposure .was 
dependent on the frequency at which the field was sinusoidally amplitude modulated. 

The protein kinase that was affected by .the field proved not to be cAMP- 
dependent protein kinase and as yet remains to be fully characterized. The possible 
identity of the field-sensitive protein kinase as well as the significance of both the 
frequency and time dependence of these effects are discussed. It is emphasized that 
agents such as mitogens and hormones commonly used to alter protein kinase activity 
were not used in these experiments, ex(:ept for those serum factors present in the 
lymphocyte culture medium�9 

MATERIALS AND METHODS 
Lymphocyte Culture 

Human tonsils were placed on ice in sterile culture medium (see below) imme- 
diately following removal and were routi0ely placed in culture 3-4 h postoperatively. 
The tonsils were rinsed in Roswell Park Memorial Institute (RPMI) medium contain- 
ing 10% fetal bovine serum (FBS), and 100 U/ml penicillin and 100 #g/ml strepto- 
mycin and finely �9 minced with a scalpel under sterile conditions. The dispersed.tonsil 
was suspended in RPMI + 10% FBS, pipetted repeatedly through a 25-ml pipette; 
and centrifuged at approximately 100 x g to form a pellet of lympbocytes. The 
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"pelleted cells were 'washed twice in the same culture medium and resuspended in 
medium at a density of 5 x 10 ~ cells/ml. Lymlbhocyte cultures used for all experi- 
ments alwayscontained greater than 77% viable cells as determined by trypan-blue 
exclusion. Viability did not "change following a 12-h culture period or following 
exposure to any of the fields. Two milliliters of medium containing the iymphocytes 
(107 cells) were placed in Sterile 15-ml plastic culture tubes and stored in a CO2 
incubator at 35 *C for 1-3 h until exposure to the field (see below). These are 
standard procedures for culturing tonsil lymphocyte s and yield a human lymphocyte 
population that is approximately 50% T cells and 50% B Cells. 

Field Exposure 

The Crawford cell exposure system was operated in the same general configu- 
. ration as i'n previous studies [Lyle et al, 19831. The cell (Instruments for Industry 

Model 3000) was designed to operate as a coaxial transmis,/;ion line with a character- 
istic impedance of 50 ohms over the spectrum DC to 520 MHz. With the biological 
test specimens in plac e and a 50--ohm noninductive termination, the standing-wave- 
ratio (SWR) did not exceed I. 17:1 at the operating frequency of 450 MHz. Measure- 
ments with a field intensity probe (Narda Model 8300) and with an experimental 
triple dipole probe reported elsewhere [Adey et al, 1981.; Lawrence and Adey, 1982J 
showed reasonable isotropy of electric field distribution, except near the side walls of 
the cell (where the field was lower than in the central zone where the cell cultures 
were always placed). The viability of the cultures was not altered by exposure to any 
of the fields used in the sudies presented here. 

The field generating system comprised a low-frequency waveform generator 
(Wavetek Model 159) as.a modulating signal source. This signal was applied through 
a PIN diode modulator to the output of a 450 MHz Phase-locked-loop-controlled 
signalgenerator {Wavetek Model 3000). This generator drove a broadband linear 
power amplifier with a maximum power �9 output of 20 W (Ailtech Model 35512). 
Depth of sinusoidal amplitude modtdation was monitored with an oscilloscope and 
with an in-line modulation meter/forward-reflected power meter (Bird Model�9 5483)i 
Modulation depth was maintained at 75-85%. An input of l+7-W peak envelonve 

Y power (PEP) to the cell produced a peak field intensity of 1.0 mW/cm 2. PEP levels 
were therefore adjusted to this level with the carrier wave modulated to a depth of 
75-85 % in all experiments. 

The long axis of the Crawford cell was oriented vertically inside a large 
incubator maintained at 35 + 0.5 ~ These were the largest perturbations observed 
and related to prolonged opening of the chamber door. Temperature changes after 

�9 equilibration and during field exposure were typically around 0.1 ~ Tubes contain- 
ing the cell cultures (volume 2.0 ml) were placed in styrene "foam racks supported on 
a lucite stand within 1-3 h of being placed in culture. Diameter ofthe culture tubes 
was 1.0 cm and they were arranged in a checkerboard pattern with intertube distances 
of not less than 2.0 cm nor more than 3,0 era. Control cultures were placed, in the 
same incubator in metal wire racks alongside the Crawford cell. A Narda probe . 
disclosed no measurable field leakage on the exterior of the Crawford cell. 

No changes in temperature of the culture medium between the" beginning and 
end of the exposure were detected, but the question of a temperature rise in the 
culture tubes as a result of field exposure has been examined in detail in this laborato~ 
by Dr. B. Vasquez and Dr. G+ Kamin (personal communication). They used a 
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' Crawford cell identical to that in these culture experiments. It is equipped with a RESULTS 
heating and insulating system that maintains a temperature stabjility of'+. 0.2 *C. A Effect of 450-MHz ~ 
small thermistor probe was placed on a thin layer of styrofoam | on the central Kinase Activity i l  
platform Conductor of the Crawford cell. The thermistor was sandwiched between the Since our 
styrofoam | layer and the base of the culture tube containing 1.0 ml Kreb's solution,, cAMP-dependent .,. 
The base of the culture tube and the thermistor were coated with heatsink compound mitogens [Byus et 
to ensure good thermal contact. Temperature resolution of the thermistor probe was in total activity o f l l "  
0.05 ~ Measurements were first made at 15 min intervals using a 450-MHz CW . 16 Hz at a field in t l !  

. field, average power input of 1.7 W, producing an average incident field intensity, of . 
1.0 mW/cm at the exposure site. No temperature rise was noted over a l-h exposure dependent, protein ~i" 

cultures exposed f i l  
period. At 10 times this power input (a~;erage incident field 10 mW/cm'), the control cultures pl i 
temperature in the fluid increased by only 0.12 + 0.05 *C after 1 h. | .maintained at 35 -: i 

I 
alteration in specific 

Protein Kinase Activi ty activity measured i t 
The activity of the supernatant protein kinases was determined essentially as 

described previously [Byus etal ,  1977, 1978; Byus and Fletcher, 1982] for cAMP- ~ Effect of 450.MH#I'~ 
dependent protein kinase in human peripheralblood lymphocytes. The iymphocytes Kinase Activity in C. 
(107) in culture medium were centrifuged at 1000 x g for 5 min. The culture medium Activity of c~[I): 
was rapidly decanted, and the pelleted cellswere suspended in 350 t~l of 0.05 mM rations using e x o g e l  
potassium phosphate (pH 6.8), 0.5 �9 mM isobutyimethylxanthine, 5 mM EDTA, 20 However, there are oi 
mM NaF, 125 mM KCI, and 1 mM dithiothretol. The lymphocytes were sonicated rylate histones unde~ 
for 5 s at 0 *C using an E/MC sonicator (Kontes, Berkeley, CA) fitted �9 with a 5-inch When activity of c ~ !  
microprobe at a power setting of 6. The sonicated extract was rapidly transferred to posed cultures by as..,: 
a minicentrifuge tube and centrifuged at 4 *C for 30 s (Beckman model B Microfuge). i tor (see Materialsgtahl 
Then 25-V1 aliquots of the supernatants were as.sayed for protein kinase activity in the was observed (Fi 

~ i  presence of saturating amounts of cyclic AMP (5 t~M) in a total volume of 75 tzl of control cultures, 
the same buffer with 25 mM magnesium acetate, 200 ~ of mixed calf thymus histone .... ; 

i (Sigma Chemical Co., St. Louis, MO), and 0.5-1.0/~C~ of "yr32p ATP (2000 Ci/ 
rnmole; Amersham/Searle Corp., Arlington Heights, IL), plus sufficient nonradioac- l ~  / 

! tive ATP to bring the total substrate concentratio n to 0.1 mM. The assay was initiated " a  
;!: by the addition of the supernatant and allowed" to proceed for 5 rain at 30 *C, and the 

reaction mixture was spored on Whatman No. 3 MM paper filters. The filters were 
air dried and washed for 20 min in ice-cold 15% trichloracetic acid, followed by three 

!i 15-min washes in 5% trichloracetic acid and a 2-min wash in 95% ethanol. The discs _�9 
i were then air-dried and counted in 5 ml of a toluene-based scintillation fluid. Under 
:~ these conditions the assay was linear for 5 min in the presence of cyclic AMP. In t 
; order to determine the �9 amount of the total histone kinase activity that was due 

Specifically to the cAMP-dependent protein kinase the lymphocyte supernatants were .~ - 
also assayed in the presence of the, specific .protein inhibitor (I) of this enzyme [see. ~- 
Byus et al, 1983; Byus and Fletcher, 1982; Ashby and Walsh, 1972, for details]. This 1 
protein inhibitor inhibits specifically the catalytic subunit of cAMP-dependent protein [ ]  

' ' " L . 

kinase. When saturating amounts of inhibitor are added to the supernatant assay only 
' the cAMP-dependent idnase is inhibited. When the assays are performed in this i 

!: manner the residual histone kinase activity is due to other than the cAMP-dependent Fig. 1. Time-dependent al i i  
enzyme kinases (see Discussion). In this manner replicate kinase assays Were per- exposed to a 450-MHz f ie t l  

placed alongside the Crawfo: 
�9 formed in the presence of saturating amounts of exogenous inhibitor and the activity time. The cultures were . 

due to cAMP-dependent protein kinase and other histone kinases was. determined. (see mean + SEM for contro~StSl 
Results). indicate numbers of eultur e l l  

o I 
~.~ | . . . 

l l l m  
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RESULTS 

Effect of 450-MHz Field Modulated at 16 Hz on cAMP-Dependent Protein 
Kinase Activity in Cu l t u red  Lymphocytes 

Since our previous studies with cultured .lymphocytes suggested a role t~or 
cAMP-dependent protein kinase in mediating the action of  a variety of  known 
mitogens [Byus et al, 1977, 1978; Klimpel et al, 1979] We first measured the alteration 
in total actiyity of  this enzyme following exposure to a microwave field modulated.at 

�9 16 Hz at a field intensity of  1.7 mW/cm 2 peak envelope power. The activity of  cAMP.- 
dependent protein kinase was measured in supernatants prepared from I~,mphocyte 
cultures exposed for up to 60rain (Fig. 1). These values were compared to those in 
control cultures placed outside the Crawford cell yet inside the same large incubator 
maintained at 3 5 ' +  0.5 ~ Exposure for up to 60 min resulted in no significant 
alteration in specific activity of  the cAMP-dependent protein kinase relative to the 
activity measured in unexposed cultures (Fig. 1). 

Effect of 450-MHz F ie ld  Modulated at 16 Hz on cAMP-Independent Hls tone  
Kinase Activity in Cu l t u red  Lymphocytes 

Activity of  cAMP-dependent protein kinase was assayed in supernatant prepa- 
rations using exogenous histone as a substrate as described in the "Methods" sections. 
However, there are other less well defined protein kinases in' cells that will phospho- 
rylate histones under standard conditions used for assay of  cAMP-dependent kinase. 
When activity of  cAMP-independent histone kinase(s) was determined in field-ex- 
posed cultures by assaying, in the presence ofcAMP-dependent  protein kinase inhibi- 
tor (see Materials and Methods), a marked time-dependent reduction in kinase activity 
was observed (Fig. 2). While activity of  this histone kinase(s) remained unchanged in 
control cultures, the enzymes measured in lymphocytes exposed to the microwave 

t0, 

�9 _-= �9 

~ : [  $' 

16 HZ 

(12) " . 

~ / (o) 

(S)" --, (3) 

0 - * - ' - 0  Conlr oi 

E Doseo 

1'5 ao ,'s 

T ime in F ie ld  (rain) 

Fig. 1. Time-dependent alterations in cAMP-dependent protein kinase in cultured tonsil lymphocytes 
exposed to a 450-MHz field (peak intensity 1.0 mW/cm 2) modulated at 16 Hz. Control cultures were 
placed alongside the Crawford cell inside the temperature-controlled chamber for equivalent periods of 
time. The cultures were assayed for cAMP-dependent protein kinase activity, which is illustrated as the 
mean + SEM for control (0  - - - O) and field exposed ( 0 ~ 0 )  cultures. Numbers in parenthesis 
indicate.numbers of cuhures assayed at each point in time. 
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T ime  i n  F i e l d  ( r a i n )  

Fig. 2. Time-dependent alterations in cAMP-independent histone kinase activity in cultured tonsil 
lymphocytes exposed to a 450-MHz field (peak intensity 1.0 mW/cm 2) modulated at 16 Hz. Kinase 
activity shown is the total cAMP-independent protein kinase (ie, that kinase activity mat inhibited by the 
protein inhibitor of the cAMP-dependent kinase). Data are presented as mean + SEM for control (Q - 
- - O) and exposed (Q--O) cultures. Numbers in parenthesis indicate numbers of cultures assayed at 
each point in time. 

field modulated at 16 Hz decreased within 15 rain of onset of field exposure (Fig. 2). 
The cAMP-independent histone kinase �9 was reduced by 50-55 % in the epoch 
from 15 to 30 rain from onset of  exposure to the field. However, in cultures exposed 
to the field for 45 or 60 rain, activity of  the histone ldnase remained unchanged in 
comparison to the values in control or unexposed iymphocytes. Data in Figure 2 
indicate that this amplitude-modulated microwave field induced a transient b.ut major 
decrease in histone kinase activity that rapidly returned to control levels within 45 

min of onset of  continuous exposure. 

Effect of 450.MHz Field Modulatedat 60 Hz on cAMP.Independent Histone 
Kinase Activity in Cul tured Lymphocytes 

We monitored the time-dependent reduction in histone kinase activity in cultures 
exposed to a microwave field at the s a m e  intensity as that used in  the previous 
experiment but modulated at 60 Hz. The 60-Hz field also caused a Significant decrease 
in histone kinase activity in relation to the control cultures within 15 and 30 rain of  
field exposure (Fig. 3). Reduction in kinase activity with 60-Hz modulation was not 
as large as in the 16-Hz field (Fig. 2), but still resulted in a 15% and 35% decrease in 
activity at 15 and 30 rain, respectively (Fig. 3), in a manner similar to that observed 
in the 16-Hz field. However,  the reduction in historic kinase activity by the 60-Hz 
field was transient, returning to control levels by 60 min. 

We did observe some variation in the cAMP-independent protein kinase activity 
among different tonsils cultured and assayed by techniques described in the Materials 
and Methods section (Table 1). However,  .the variation in this activity from control 
or unexposed lymphoc.)/tes within a single tonsil preparation was relatively small. In 
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Fig. 3. Time-dependent alterations in historic 10nase activity in cultured-tonsil lymphocytes exposed to 
a 450-MHz field (peak intensity 1.0 mW/cm 2) modulated at 60 Hz. Lymphocyte cultures were assayed 
for protein kinase activity as described in Materials and Methods. The cAMP-independent historic kinase 
activity was assayed at indicated times as described previously. Data are presented as mean :l= SEM for 
control ( � 9  - - - � 9  and exposed ( � 9 1 4 9  cultures. Numbers in parenthesis show numbers of  cultures 
assayed at each time. 

TABLE l .  cAMP-Independent Historic Kinase Activity* 

IGnase Activity 
l Tonsil (CPM 32[p] x 10 -3) (% of  control) 

.1 41 .4-2( 8) 100 + 5 
2 26 + 3 (20) 100 + 11 
3 3 4 + 2 ( 5 )  100+ 6 
4 39 + 3 (12) 100 + 8 
5 37 + 4 ( 6 )  100 + 10 
6 35 + 3 (  8) 100 + 9 

*Variation in basal protein kinase activity among unexposed lympho- 
cyt e cultures from individual tonsils, showing cAMP-independent 
protein kinase activity obtained from six different tonsils. The data 
show means + SEM of protein kinase activity from control unexposed 
lymphocyte cultu~'~s (number of  cultures assayed in parentheses). 
Lymphocytes remained in culture from 1-4 h prior to assay Protein 
kinase activity is also shown as + SEM relative to 100% cont~'ol 
value for each tonsil. 

Figure 4 (see next section) we illustrate the frequency-dependent alterations in historic 
kinase activity relative to control (unexposed) values from a series of different 
experiments, ie, different tonsils. 

Frequency Dependence of Amplitude Modulation on Field-Induced Effects 
on Histone Kinase Activity 

Frequencies of amplitude modulation of the 450-MHz field in the range 0-100 
Hz were tested for their ability to.alter histone kinase activity of cultured lymphocytes 
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Fi 4 Modulation-frcquen~cy'dep cndent alterations in protein kinase activity in Cultured tonsil iympho- 
g" " . . . . . . . . . . . . . . . . . . . . . . .  : . ,  t n mW/cm~ sinnsoidally modulated at 3-100 Hz 

cytes exposed to a 4:g,,-mrtz Ilel fl ~pe. l l lg  lIItgl~.ar,,y a.~,, 
(modulation depth 75-80%). All Cultures we~ exposed for30 rain at Specific~l modulation frcque.cies 
and assayed for histonr kina~ activity (see Methods). Control (unexposed) lymphocyte cultures were 
placed in the temperature-controlled chamber alongside the Crawford ce{I. Altered histone kinase activity 
at various modulation frequencies is shown relative to control (unexposed)values. Data are presemed as 
mean • SEM for control ( shed~  area) and exposed ( O ~ O )  cultures. Numbers in parenthesis show 

numbers of exposed cultures assayed. 

(Fig. 4). Specifically, an unmodulated 450-MHz carrier with the same incident energy 
as the modulated fields produced no significant change in enzyme activity relative to 
the paired-unexposed cell cultures (Fig. 4). Modulation frequencies Of 3, 6, 80, and 
100 Hz were equ~-dly ineffective in altering histone kinase activity. Reduction of 
protein kinase activity in the lymphocytes exhibited a "windowed" frequency depend- 
ence with only 16-, 40-, and 60-Hz modulation frequencies reducing the activity of 
the enzyme (Fig. 4). The largest response occurred with 16-Hz modulation. Even 
though we did observe some variation in basal protein kinase among different tonsil 

�9 preparations (Table 1), the 16-, 40-, and 60-Hz modulated fields consistently reduced 
the kinase activky relative to the control (unexposed) values within individual tonsils. 

DISCUSSION 
We have observed a large reduction in histone kinase activity in lymphocytes 

during exposure of the cells to relatively low levels of modulated microwave radia- 
tion. It is necessary to elucidate the "windowed" character of this response with 
respect to'low modulation frequenc!es [Adey, 1980]. The finding of a trans!ent 
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sensitivity of this protein kinase activity to continuing microwave field exposure 
*suggests a "window.in time" and merits further study. 

This stu.dy has disclosed major microwave �9 effects on cAMP-indepeudent protein 
kinases, but no alterations specifically in the cAMP-dependent kinase. Thus, the 
activation pathway does not appear to involve adenylate cycla~Ce and its action in ATP 
in production of cAMP. This finding contrasts with low-frequency, pulsed magnetic 
field effects on bone cells, where adenylate cyclase activation by parathyroid hoi'mone 
(PTH) was inhibited_by the field [Luben et al, 1982]. Kostyuk [1983] has .reported a 
role for protein kinases in calcium gating currents of muscle ceils, also concluding 
that cAMP-depeudent kinases are involved. A full knowledge of the broad range of 
possible transmembr~e coupling systems remains for future research. 

Maximum sensitivity to the microwave field occurred with 16-Hz modulation, 
coincidifig with the freque,'~cy-dependent responses in brain tissue Ca 2~ efflux both 
for low-frequency" fields and for radio-frequency fields modulated at low frequencies 
[Bawin and Adey, 1976; Bawin et al, 1975; Blackman et al, 1979]. In contrast, 
allogeneic T lymphocytes showed maximum sensitivity in cytolytic activity when 
exposed to fields similar to those used here modulated at 60 Hz. This highly differ- 
ential frequency sensitivity in the low-frequency range has been modeled in terms of 
quasiparticle behavior in linear macromolecules, such as transmembrane lipoproteins 
[Lawrence and Adey, 1982]. 

Disclosure of a "time window" in protein kinase sensitivity to field exposure 
suggests transient induction of a persisting but reversible molecular state in elements 
of the transductive system. There is evidence that these field-induced changes involve 
the cell membrane~ Cytolytic activity of allogeneic T lymphocytes modified by a 

modulated 450-MHz field slowly reverses over a 12-h period [Lyle et al, 1983]. 
Electrophoretic displacement ot' concanavalin-A receptors on embryonic muscle cells 
is also reversible [Po0 et al, 1978]. However, it is not clear from these Studies Why 
the response seen here should be  "windowed," reversing in the face of continued 
field stimulation. Phase transition models of fixed-charge organization on membrane 
surface glycoproteins have been suggested as a basis for 10w-frequency sensitivities 
and Imrsisting. molecular states in field interactions [Grodsky, 1976; Lawrence and 
Adey, 1982], or they may arise in Volterra transitions in population charge states 
[Fr6hlich, 1977] or limit cycle phenomena [Kaczmarek, 1976]. 

Since the decrease in histone kinase activity was observed to be both frequency2 
and time-dependent in the lymphocytes, this transient loss in the activity of an enzyme 
may serve as a measure of the ability of an electromagnetic field to affect a eucaryotic 
cell. Such observaiions might be important.in defining limits of specific field and 
exposure.parameters determining interactions with a biological system. These studies 
might then be important in controlling potential hazards in field exposm:e. 

At present, our data offer no insight into the real biological effect of these fields 
upon lymphocyte function in particular, or upon the general state of the immune 
system. We cannot say at this time whether this transient decrease in protein kinase 
alters the "ability of lymphocytes to perform any specific function. For this reason it 
is difficult to make any statement Concerning potential damage to the cell based upon 
these data. A number of studies have reported altered ability of lymphocyte or 
immune systems to function in a "normal" manner following exposure to partic.ular 
fields. A recent study [Roberts et al, 1983] has concluded that existing U.S. safety 
standards for general population exposure to microwave fields are adequate. Their 
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study was based on CW field absorption" rates up to 4 mW/ml in lymphocyte culture 
medium, ignoring possible effects oflow-frequency amplitude modulation. Findings 
here and in other studies of lymphocyte immune functions [Lyle et al, "1983] indicate 
that need for a more caulit)us assessment, with due considcralion ,for bioeffects of 
amplitude modulation found in virtually all domestic, industrial, and military~micro- 

�9 ' " 

wave fields. 
We intend' to further define and identify the specific histone/protein ld~se'~at 

is affected by the 16-60-Hz modulated fields and thus to understand what functional 
changes, if any, may have occui'red in the lymphocytes during field exposure. Though 
cAMP-dependent protein kinase activity did not appear altered in the exposed lym- 
phocytes (Fig. 1), other known kinas.es would lead to the phosphorylation of mixed 
calf-thymus histone under the reaction conditions employed. These include calcium- 
Calmodulin-aetivated protein kinase [~-~)re and Dedman, 1982] and the phospho- 
lipid-calcium-activated kinase (protein kinase c) described by Nishizuka and his 
colleagues [Ogawa et al, 1981]. 
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The Microwave Problem 
~ 

6 

Is exposure to low levels o f  microwaves a hazard? H o w  strict should  

exposure limits be? These issues remain ~n �9 in parr because 

some h'ndin~,s on the biologicM effects, o f  microwaves are ambiguous  
rca,.~,., ,4,..5 t cr =;.! S u S ~ ( ~ r r ~ . ~ , :  

�9 / / c ~ ? ,  -F /87 . . .  ~'r162 ~ e r  

�9 by Kenneth R. Foster and A r t h u r  W. GuCy I~,t)).. * ' - ' .  

r - t ra f f ic -con[ro l  systems, " police 
and military radar, earth-to-sat- 
ellite television broadcast  sys.- 

terns, long-distance telephone equip- 
ment, medical  diathermy devices and 
micro,,vave ovens all generate micro- 
waves. Except  when microwaves are 
deliberately applied to the body for 
therapy, little of  this invisible energy 
ever reaches the public. Is exposure to 
such low levels of  microwave energy 
hazardous to human  health'? 

, This question is easier to ask than 
t o  ianswer. The interaction of micro- 

waves and living organisms has ~een 
studied much  more extensively than 
"most o the r  potential environmental  
hazards have, and yet the result, has 
been continuing publ ic .and scientilic 
controversy.  

Communica t ions  equipment  is a- 
source of  widespreud~a!be i t  extreme- 
ly  w e a k ~ p d b l i c  exposure to micro- 
waves. A typical dispute arises when 
a company  petitions a county zoning 
board for permission to insta, ll a mi- 
crowave communica t ions  facility. The 
company ' s  .spokesmen might explain 
that the intensities, or power levels, of 
transmission will  i'esult in peak expo- 
sure levels that are some thousandths 
or  millionths as high as allOwable lim- 
its. These limits in turn .are considera- 
bly below the levels known to produce 
biological d a m a g e . .  

.Opponen.ts argue thai low levels of 
microwave energy may pose some as 
yet unproved danger and that their 
safety is still to bc demonstrated.  They 

. point to the many biological effects 
that have been suggested at one time 

�9 or another (by animal sIUdies) to bc 
related to exposure to low-tcvel n3i- 
crowav~: energy, ,~uch as chlmg't.'~ in 
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�9 immune-system functions, altered be- 
havior, changes in the permeability" 
of the brain to molecules carried "in 
the blood, damage to ch romosomes  
and the development of  cancer. 

- .  - - -  ' " •  41~l~some of t h ~ p r o v i d e d  by ap- 
proximately 6;000 studies in the 40 
years since microwave technology was 
introduced are ~ n d ~ i n e 9 ~  

posure to ~ ' h ) . ~  ot" .l~ler-owav._e.~ 

stres 's~r~clear-cut dah~age to h u m a n  
beings from low-level radiat ion has 
been demonstrated. On the other  hand, 

~),n.~q.~ p .r~e~ifz~)= ~.~-.~d~l) This 
lack o f  consensus does not result f rom 
flawed research alone. The cause is 
more "fundamental: the normal  process 
of  risk assessment yields data that can 
be subject to different interpretations 
and can generate controversy,  whether 
o'r not a hazard is ever .demonstrated. 

G iven the inconclusive state of  the 
�9 published evidence, we do not ar- 

gue here that exposure  to low-le~Tel mi- 
crowave energy is either hazardous  
or safe. Rather, we shall describe the 
process by which known haza rds  have 
been quantilied. We shall also review 
the development of  the first major  
American standard for limiting expo- 
.~ure to microwaves and the rationale 
behind the standard. We shall then re- 
view several case hist0rics that indi-  
cate why assessing the possil~le haz- 
ards of m i c r o w a v e s ~ a n d  low-level 
environmental agents of  all k i n d s ~ i s  

.so ~:hallcnging. 
Conccr'n o~er th/c b.iological effects 

of micrt)~v:tves n'ht.%t be yielded in the 

context O~ experience with lower-fre- 
quency electric fields, which were ex- 
ploite d for technology before micro-  
waves were. IVlicrowaves are a ipart 
of  the electromagnetic spectrum, and 
their band extends from 300 mega-  
hertz to 300 gigahertz: that is, it in= 
cludes  waves with oscillation frequen- 
cies ranging from 300 million hertz, or 
cycles per second, to 300 billion hertz. 
Those frequencies are high.e.r (and the 
wavelengths correspondlng to the fre- 
quencies are shorter) than those of 
standard radio and television signals. 
Above  the microwave band there are, 
in order of  increasing frequency,  infra- 
red radiation, visible light and "'ioniz- ,,)k~ r 
ing" radial.ion: ultraViolet radiations, X ~~ 

l"" 

rays and gamma  rays. , . ,  , J  8 
_.~<~-Yi~,~s pdi~:dfi~:~'7.i6~h~ ~. 
~ d i a l i o n  is qualitat  ively' ver:~,- differenil 
~ : : m i c r o w a v e  energy in. its effects 

~,gn bi010gical systems:~As one photon,  
or energy packet, of  an ionizing ray 
passes through ;/.substance, the photon  
breaks chemical bonds (even in the ab- 
sence of  any appreciable heating) and 
cause~ 'neutra l  molecules to become 
charged.~gticli;:i0ni'zation Can:dam~/g~. 

.~issuet, ll~:~d=aslli tlae-~.e.tt~rg~ of  a 
photon of  a~a~gi&ah.er~ . .~ icrg .~V~.  
is only~tli~.',,~g-Ttl~usandtlSo f the  kinet" 
ic e ~ c ~ S ~  'by a molecule  in 
the body owing to normal  thermal  agi- 
t a t i o n, 1 ) ~  ha~tbr ~ .a~)'g~ rtr ~ 
~ r e ~ P ~ , ) ~ e a k � 9 1 6 2  

~:~bofl~ This does not rule Out the possi- 
bility that wcak microwave energy can 
directly al ter .molecules of  tissue, but 
it does not ' suggest 'a  mechanism by 
which signit icantchanges could  occur.  

By the time microwave technology.  
was introdttt;ed, during World War  II 
(when radar changed the course of  the 



. ~ , ~ ,  

�9 . o  ~ . 

war), electromagnetic ~fields ~t lower. 
freque.ncieS had been e~ 'p l0yed ' fo r  ' 
therapeutic heating for most Of the 
century. Although the value of thera- 
peutic heating was not dispute d , the 
one obvious potential hazard'was that 
of bui'ns or other., damage resulting 
from excessive tissue heating. In addi- 
tion controversy raged among investi- 
gators over claims that high-frequency�9 
electromagnetic energy produces bio- 
logical effects in various organisms, 
effects that some believed did not arise 
from simple heating alone. 

In the decade after World War 1I mi- 
crowave, technology continued to de- 
velop rapidly, and with this progress 

- . ~ : . . . . , ~  . , t . ~ .  , , :  - ~ . . - : .  - 

,,.,. ~,~i ~. "* . . . .  ~. : �9 ~,~ , ,  . . . r  

came widespread ~a.uman exposure to of tissue heating, he recommended in 
t ~- .  o , -r , . . . ne e-nergy. ,At though'few, injuries of 1953 that human exposure tO micro- 
any kind were reported, the possibili- wave energy be limited to a maximum 
ty of hazard became increasingly dis- average "power density" of 100 watts 
turbing. Because of the military's ex- ,per square meter. = io ". -,a /_ 
tensive application of relatively hitch . . . . .  
powered radar equipment, the services 
took a lead in investigating micro- 
waves, establishing research progr.ams 
in the early 1950's that contintie in ex- 
panded form today. Also .in the early 
1950's, many investigators and Gov- 
ernment olficials began to consider 
setting exposure guidelines. 

One of those people was Herman P. 
Schwan of the University of Pennsyl- 
vania. Based on theoretical estimates 

S chwan's" calculations showed that 
exposure to this incident power 

level should raise the temperature of 
any region of the body by one degree 
Celsius or less, and add heat at a rate 
comparab.le to that generated by the 
bod .~,'s. normal physiological proces- 
ses. ~ l ~ w a s r ~ _ u g h l y  one:telitbas ~. 
~..n.~;aS: .bt~.ight:~ ~untigli I and perhaps 
one-fiftieth as intense as the power lev- 
els of diathermy equipment. Schwan 

- " �9 " - . ' "  . . ~ ' - J - . . . "  , '~ " ~ ' - "  . . . .  . ' . ~ ;  . . . .  -'. - - ' : . ' . ~ - ~  ~ .  . . . . . . .  : " : v : . " - " - . ~ - . ' . ~ , . ~ : ' ~ , ' , . ~ . " , . ~ . ~ ' ~ . ~  " ~ . E . - ~ . ~ I ~  

. " �9 , . ~ , - - ~  . . . . . . . .  ' -  �9 : - - . . . .  . . . .  : ~ :  . - . . . "  � 9  - ; . - ,  . . - . ~ .  , ~ . .  ,..~:.~.:~:;r 
. .  , . . . . . . . .  ~ , . .  , .  . . . . . . . . . . . . . . . . . . .  ~.,~,~.. .. . . . . .  ~ . . . . . .  ; . . . .  ~ . ~ . . ~ : . , , : ~ , , : ~ . ~ , . _ , ~ ~  

�9 " "" .. ,~.-. , " ~ ' . " i ' ' �9 .." - :" . '" - . ~ ' ~  :." ~ ~:.:'~.-'?-~."?.-'~:"~:~ 

�9 ~. .. �9 '. �9 . '  .. �9 i -: " . ~  ~;.::.,.!.: " ~ - ~ . . ~ - ~ - - '  , . . ' ,  .--~.... .~. - '~.~:,- .--~._..~."~.~ 
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. . . . . . . . . .  . . . . .  . . . . . . .  . . .  ~ . . . . . . . . .  , . . ~ . ~ . . : . ~ , . . ~ . 7 . , t ~ - . ~ . c  

A N T E N N A S  (large "'di~'he.u a t  a c o m m u n i c a t i o n s  s t a t i o n  i n  V e r -  

n o n ,  N . J . ,  T r a n s m i t  m i c r o w a v e  s i g n a l s  t o  s a t e l l i t e s ;  o t h e r  a n t e n n a s  

(smaller disk.v) r e l a y  c n c r l D "  t o  r e c e i v e r s  o n  t h e  e a r t h .  T h e  s i g n a l s  

a r e  p u t  t o  a v a r i e t y  o f  p u r p o s e s ,  i n c l u d f n g  s a t e l l i t e � 9  t e l e v i s i o n  b r o a d -  

c a s t s .  T r a n s m i s s ' i o ~ i s  f r o m  t h e s e a n t e n n a s ;  a n d  t h o s e  f r o m  t h e  m a n ~ '  

o t h e r s  t h a t  m a k e  V e r n o n  a h u b  o f  m i c r o w a v e  s a t e l l i t e  c o m m u n i c a .  

tions, result in exposure levels to the public that are well .below the 
s a f e t y  l i m i t s  i m p o s e d  b y  t h e  s t a t e .  ( B a c k y a r d .  d i s h e s  t h a t  m e t : e l y  

r e c e i v e  T r a n s m i s s i o n s  a r e  n o t  a s o u r c e  o f  e x p o s u r e . )  V e r n o n  i s  o n e  

. o f  s e v e r a l  p l a c e s  i n  t h e  U . S .  w h e r e  c i t i z e n s '  g r o u p s  h a v e  p r o t e s t -  

e d  t h e  i n s t ~ i l a t i o n  o f  m i c r o w a v e  g e n e r a t o r s ,  f e a r i n g  t h a t  e x p o s u r  e 

t o  e v e n  l o w l e v e l s  o f m i e i ' o w a . v e  e n e r g y  m a y  p o s e  h e a l t h  h a z a r d s .  
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also calculated that power densities �9 
of abou| 1,000 watts per SCLU~,.~.me~ 

f teLmight  produce heat damage..d~: , 
the body in ~ome circumstances. The 

:proposed l imit ;  then, allowed a~ safety 
marsin o t:~-b~t]ghly 10, 

Schwan directed his advice to the 
U.S. Navy, which had expressed con- 
cern about �9 microwave safety, and his 
proposal was eventually embodied in a 
formal standard by the United States 
of America Standards Institute, later 
renamed the American National Stan- 
dards Institute (ANSi). ANSi, ~ private 
organization that recommends safety 
guidelines of many kinds for different 
industries, adopted the standard in 
1966 after reviewing the scientific lit- 
erature and finding no convincing evi- 
dence for damage in animals exposed 
to microwaves at power levels below 
I00 .watts per square meter. Many 
Western nations soon adopted compa- 
rable standards, and the ANSi guideline 
(formally known as ANSZ Standard 
C95.1) became the most influential 
standard for occupational and public 
exposure to microwaves in the U.S. 

�9 The original ANSi standard, which 
covered frequencies between l 0 mega- 
hertz and 100 gigahertz, remained es- 
sentially the same for many years, but 
by 1982 ANSZ'S periodic reexamination 
of the guideline suggested a change 
was in order. By that time too the safe- 
ty of exposure to low-level microwave 
fields--ones transmitted at power lev- 
els too low to cause significant heat- 
ing~had  become a subject of popular, 
political and scientific debate. 

Public concern had been heightened 
by several factors. Between the 1940's 
and the 1970's many studies had ad- 
dressed the biological effects of micro- 
wave energy. Most of the reported 
effects occurred at power densities 
above 100 watts pet ~ square meter, but 
a few, some of which might be inter- 
preted as harmful, had been reported 
at power densities substantially below 
the ANSI guideline. (One investigator, 
for example, reported in 1968 that 
pulsed microwave energy beamed at 
an average power density less than one �9 
ten-thousandth of the ANSI guideline . 
Could change the beating rate of isolat- , 

ed frog hearts, sometimes stopping a 
heart entirely. That finding could �9 
be confirme d by other investigators.) 
People had also heard news reports 
that the Soviet Union had for many 
years beamed low levels of microwave 
energy at the American Embassy in 
Moscow, reports that often included 
speculations about health effects. In 
addition the Soviet Union and the 
Warsaw Pact countries had set expo- 
sure limits for the general population 
at levels 100 to 1,000 times lower than 
any American standard.. 

The major impetus for ANSt'S revi- 
sion of the guideline was data from 
studies employing improved methods 
of dosimetry, or measurement of ab- 
sorbed energy. The absorption of ener- 
gy by an animal or a human being de- 
pends in a complex way on such vari- 
ables as the frequency of the energy, 
the subject's size and orientation to the 
waves, and the type of transmitting an- 
{enna used. Exposed to identical en- 
ergy, a rat and a hu~nan being will 
a)6sorb vastly different amounts of en- 
ergy per unit of body weight. This 
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MICROWAVE BAND of the electromagnetic spectrum (left)  ex-  
tends from approximately 300 million to approximately 300 billion 
hertz. Microwaves are exploited for an array of applications, only a 
f e w  o f  w h i c h  are listed .at the right. Militai;y and civilian radar and 
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7 40743 miscellaneous communications 

"1 31.6-33. 4 navigation radar 

J 27.5-30 commercial communications 

_ 24.1 police radar 
- 22.125 industnal, soentific, medical 
�9 " 1 2 0 . 2 - 2 1 . 2  military satellite communcations 

15.7-177 radar . miscellaneous 
k 

:= 12.2-12.7 direct b r o a c ~ t  satellite downlink (transmis,sJons from satellite) 
..J 11.7-12.2 comrnercial satellite Oownlink 

- r  10.525 pol iceradar 

J 8.5-10.55 miscellaneous radar 

"~ 79-8 .4  military satellite uplink (broadcasting to satellites) 

| 6 .4-7125 commercial communications . " 
~,5.9~-6.4 commercial satellite uplink " 

5.85 industrial, sc*entific, medical 
:] 5.0-5.25 microwave airport lan0ing systems 
J 4.4-4.99 military communications 

2.9-3.7 miscellaneous radar 

-- 2,45 intlustrial, scientific, medical; microwave ovens; industrial microwave heating 

1.85-2.2 commercial communications 

1.35-1.71 miscellaneous military and civilian communications and radar 

- 915 MHz: industrial, scientific, medical 

communications functions are concentrated in the range of .3 to 40 
gigahertz (billions of hertz). Medical, industrial and scientific tech- 
nologies employ several frequencies,  but the ones most c o m m o n l y  
applied are .915 megahertz (millions of hertz) and 2.45 gigahertz. 
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complexity had long been recognized, 
but before the late 1960's few investi- 
gators carefully measured the amount  
of  energy absorbed by their subjects. 
Beginning in the 1960's engineers un- 
dertook studies that led to a fuller un- 
derstanding of energy absorption and 
to better experimental techniques for 
measuring it in'animals. 

Several methods developed in the 
past two decades calculate absorbed 
energy by measuring the tempera- 
ture rise in models of living subjects. 
On~ of us (Guy) introduced the "split 
phantom" technique in 1968. Workers 
shapeplast ic  foam into a hollow mod- 
el of an animal, fill it with a.gel that 
has electrical properties resembling 
those of living tissue and briefly irradi- 
ate it. Then they split the model open 
and photograph it with an infra- 
red camera  to record temperature in- 
creases. Workers can also determine 
energy-absorpti0n patterns by com- 
puter simulation. The animal o r  ex- 
posed  person is modeled as a simple 
ellipsoid or cylinder. More elaborate 
mathematical  models, consisting of 
block figures, have 'also been studied. 

By 1982 all the new methods agreed 
that the amount of energy absorbed 
varies widely with the frequency of the 
radiation and the size of the body. Un- 
der unfavorable circumstances a per- 
son might absorb up to 10 times as 
much energy at frequencies between 
.70 and 100 megahertz as at higher fre- 
quencies, depending on the individ- 
ual's orientation to the waves. Electro- 
magnetic waves consist of electric and 
magnetic fields that are perpendicular 
to each other and to the direction i n  
which the waves are traveling [seettop 
illustration o n  this page]. Maximum ab- 
sorption occurs when waves impinge 
on the body from the side, where the 
electric field is 15arallel to the body's 
long axis and the magnetic" field is per- 
pendicular to the front of the �9 
The human body is an efficient anten" 
na for waves in the 70-to-100-mega- 
hertz range; it is .said to "'resonate" 
~i th  the fields at those frequencies. 

T o adjust for these resonance ef- 
fects, in 1982 an ANSi committee 

reviewing the standard decided to 
make power-density limits dependent 
on frequency, with the overall goal be- 
ing to limit the energy absorbed by the 
body. Whereas the old guideline had 
specified only the intensity of the ener- 
gy incident, on the body, the new one 

~attempted to limit average entire-body 
"absorption levels to .4 watt per kil- 
o g r a m  of body weight. ~ o m e w h a r  
~tigher .peak absorption levels might 
be allowed for. partiai-bo.dy exposure.) 
When !he body is at rest, i t 'normally 
generates hca.t.at iwicc that rate, and 

I 
x ELECTRIC I 

! 

Y FIELD 

I ELECTRIC AND M A G N E T I C F I E L D S  of microwaves and other forms of electromagnet- 
, ic rod/at/on are perpendicular to each other. They are also perpendicular to the direction of "~-" 

wave propagation. When the radiation travels in the direction that is shown by the z axis, 
the electr/c field (color) is parallel to the  x axis; the magnetic field is parallel to the y axis I 

I I  

it generates much more heat during ogra t~  The committee concluded that 
moderate  exercise. Compared with the the threshold for possible hazards was ,II  
previous guideline, the 1982 standard an absorbed power level o f  rough- S 
called for signific.antly reduced power .ly "four watts per kilogram of body �9 ' 
densities at resor~ance frequencies, and . weight; in..other wbrds, the stand~h-d 
it applied to 'a  wider range of frecluen- had a sa. {ety fac tor  of  about I 0  built �9 
cies, f rom 300 kilohertz to I00 giga . . . .  into.~i~. The committee further c o n -  | 
hertz [see top illustration on page 38]. cluded that the proposed standard ; 
The incident power level was calculat- w0uldexclude heat stress and burns. It - -  
ed by averaging power over six-rain- would also avoid other reported el- ' !  
ute periods; thus the standard allowed feels for whose existence and undesir- 
brief exposure to high power leve.ls, ability the evidence was considered re . . . .  

�9 ~qs~-4~oproved. th~...1.982 ~standag~ liable (such as serious disruption in the 
~n~y~:afteroi~.~eview,,o~>me,seientiti~ behavior of several kihds of animals at J~  
Literaxura uncovered no eonvincingev-  absorption levels of four to eight watts ! 
idenco, for-.health-damaging effects ha per kilogram), :, J 
animals e~posed to energy producing The standard did not attempt .to 
al~orption,  rates below .4 watt. per kil- avoid all reported effects, because the I 

RADIATION I 

ENERGY ~ I /'/) SOURCE �9 

! 
WAVE 

I 
"SPLIT PHANTOM" TECHNIQUE for dosimetry measurement of absorbed energy was ~ ~ 
introduced by one of the authors (Guy) in 1968. The  technique measures the temperature I 
rise in models of human beihgs or animals and reveals the pattern, depth and amount of I1�9 
energy that would be absorbed by a living creature. Workers hollow out two ilaives of a 
Styrofoam block to form a mold of the body and then fill the mold with a gel that has 
electrical properties resembling those of living tissue. The model is briefly irradiated {left) 
and quickly split apart, and the interior is photographed with an infrared camera to record ~l~ 
the amount of heating in various regions. The photograph at the right reveals the.pattern of II energy deposition produced in one such model, which, for practical reasons, is smaller than .... 
life size. The pattern is comparable to that produced by 7g-megahertz waves (a frequenc)" 
resulting in maximum absorption by humans) striking the side of a man weighing 70 kilo- I 
grams and standing 1.74 meters tail. The bright areas indicate relatively high absorption. I 
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literature relating to. many of the ef- 
fects was--and still, is--problematic. 
Many studies have shown that expo- 
sure to-high, levels of microwaves is 
clearly hazardous, producing obvious 
heat stress in animals. Other studies, in 
which absorption levels are compara- 

�9 ble to the rate of heat generated by the 
body', have observed changes that in 

. part could be normal physiological re- 
sponses to the added heat, although 
evidence for this inference is often less 
clear. Other effects have been reported 
at quite low po~ver levels; no obvious 
explanation has been found�9 "" 

There is also great diversity in the 
quality of the evidence. Although 
many studies reporting elfects on.liv- 
ing.systems have apparently been well 
done, some have had obvious tech- 
nical flaws (in particular, some have 
lacked adequate dosimetry) and others 

have been too briefly described to al- 
low any judgment of their quality. 
Of the hundreds of biological effects 
of .high or low levels of microwaves 
that have been reported, a surprising 
number are examples of the "'Cheshire 
cat" phenomenon: they have not reap- 
peared in follow-up studies. 

Part of this disparity arises from the 
nature of the research itself. An inves- 
tigator might report an "'effect:' on the 
basis of some difference found be- 
tween control subjects and those ex- 
posed to microwaves. The reported ef- 
fect might well arise from some specif- 
ic biological activity of the energy. On 
the other hand, it might also result 
from a normal physiological response 
to added heat, from a statistical fluctu- 
ation or even from some experimental 
variable that was'not adequately con- 
trolled by the investigators. 

COMPUTER-GENERATED SPHERE can be employed to study energ.~-abeorption pat- 
terns in tissues and is particularly valuable for determining how changes in frequency alter 
the distribution of energy within irradiated subject .  The sphere, which can represent a 
person or a part of the body, is evaluated as if it had electrical and heat-u'ansporfing 
properties resembling those of human tissues. With the computer an investigator calculates 
the energy-deposition patterns, assigning different colors to represent amounts of tempera- 
ture increase. When a sphere with a 10-cantimeter.radius is irradiated at a frequency of 100 
megahertz, the front surface absorbs the greatest amount of energy' (red); the region just 
behind the surface absorbs a moderate amount '(green) and the center of the sphere absorbs 
verY little energy (blue). At an incident power level of 10 watts per square meter, the  
maximum calculated temperature rise in this sphere is minuscule: .003 degree Celsius. The 
image shown here was made by Haralambos N. Kritikos of the University of Pennsylvania. 
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To illustrate the ease with which 
data can be subject to various interpre- 
tations and produce apprehension, we 
have chosen three case studies. All the 
reported findings were observed at 
power levels that are within the ^r~sl 
guideline in effect before 1982, and all 
have played some role" in the public 
controversy about possible hazards of 
low-level microwave energy. 

T h e  first case involves the possible 
influence of low-level microwave 

energy on brain function. In 1975two 
American teams of workers reported 
that exposure to power levels from 
one-third to one-fiftieth of the ANSi 
standard could increase the rate at 
which tracer molecules enter the brain 
from the blood. Although the exact 
significance of this finding for human 
beings was difficult to judge, any such 
effect could be construed as disturbing 
the blood-brain barrier and would be 
cause for concern. Predictably, the re- 
port fueled the microwave-safety con- 
tkOversy. A dozen research groups fol- 
lowed up on this finding during the 
next decade. As studies continued and 
were progressively better controlled at 
low exposure levels, the effect went 
away. (Most investigators agree, how- 
ever, that exposure to energy levels 
high enough to significantly heat the 
brain would produce substantial alter- 
ations in the barrier.) 

The second case study involves the 
"'microwave auditory effect," which 
has been known since 1947. When a 
subject's head is exposed to pulses of 
microwave energy, the person can of- 
ten hear "'clicks" in synchrony with. the 
pulses; these clicks seem to originate 
from within the head. To be heard, the 
pulses must be relatively intense (on 
the.order of 10,000 to 500,000 watts 
per square meter); they can be brief 
enough (microseconds), however, to 
result in a rate Of energy absorption 
that, when averaged over time, falls 
well below maximum safety levels. 

Results of one early study on the ef- 
fect suggested .that the center Of the 
brain was the most sensitive region 
for producing the clicks. The alarming 
possibility thus arose that the pulses of 
microwave energy might somehow act 
directly on the brain. In 1974 one of us 
(Foster) proposed that the clicks might 
result f roma  benign physical effect ac- 
companying the absorption of the en- 
ergy by the head. The pr'oposed mech- 
anism was simple: the thermal expan- 
sion of tissue, caused by minuscule but 
abrupt heating (a few millionths of a 
degree following each pulse), launches 
sound waves that the Subject perceives 
as. clicks. Simple calculations and ex- 
periments using, water-filled models 
showed that soured waves generated by 



the microwave pulses should indeed 
be audible. Soon after, studies with an- 

�9 imals confirmed the hypothesis. The 
microwave auditory effect is not now 
regarded as pointing to a hazard. 

O ur f inal  illustration is .an extend- 
ed study conducted by one of us 

(Guy) with his colleagues at the Uni- 
versity of Washington at Seattle. Its re- 
suits reveal typical ambiguities that 
can result f rom screening studies, 
which are the source of many reports 
of  microwave effects. The three-year 
study of.the effects of long-term, low- 
level irradiation w a s  funded b y  the 
U.S. A i r  Force School of  Aerospace 

�9 Me.dicine. It compared 100 rats that 
were irradiated for most of their lives 
with 100 rats that were not exposed to 
radiation but were otherwise treated 
identically. The radiation beamed at 
the experimental group had an av- 
erage power level of five watts per 
square meter and a frequency of 2.45 
gigahertz. The rats were exposed for 
21 hours per day for 25 months. On 
the average, depending on age, they 
absorbed from .2 to .4 watt per kilo- 
gram of body weight, the latter being 
the current ANSl exposure limit for  hu- 
man beings. 

The investigators examined 155 dif- 
ferent measures o f  health and behav-  
ior, including blood chemistry, body 
weight, daily food and water con- 
sumption, ox.ygen consumption, car- 
bon dioxide production and activity 
level. The results revealed few differ- 
ences between the exposed and t h e  
control rats, and those differences for 
the most part were either not statis- 
tically significant or came and w�9 
suggesting that ihey might be:dud to 
chance. For examp!e, plasma corti- 
sone levels (which indicate the level of 
arou.~al) were higher  for the exposed 
group during the first sampling session 
but were higher for the controls during 
the third session. 

Earlier studies had suggested that 
microwaves might impair the immune 
system. The Seattle group therefore 
evaluated the function "of lympho- 
cytes, a cell type fundamental to the 
immune response. Some but not all of  
the immunological tests showed a dif- 
ference between the exposed and the 
control animals after 13 months. Af- 
ter 25 months the differences were no 
longer discernible. The mean surviv- 
al time of the exposed animals was 
slightly longer than that of the con- 
trol animals" 688 days v. 663 d a y s - - a  
difference that was probably due to 
chance alp.he. 

One differencewas striking: pr ima-  
ry malignant, tumors.developed in 18 
of the exposed animals but in only 
five of the controls. The probability 

# �9 

I 

I. 

RATES OF ENERGY ABSORPTION by an average-size rat and man differ at most fre- 
quencies and also peak at different frequencies, as is shown by comparisons of sxl~'s in 
ellipsoid models. Man has a pronounced increase in SAN at approximately 70 megahertz, 
the rat near 1,000 megahertz. The large differences in sAtt's between the species arise from 
the differing properties of their bodies as.antennas. Such differences, together with differ- 
ing physiological responses to heat, are important sources of uncertainty when investigators 
attempt to extrapolate from animal data tb determine a power threshold above which micro- 
waves pose a hazard to human beings. The curves reflect absorption by subjects exposed to 
waves propagated toward the body at  an angle that most promotes energy absorption. (The 
electric field is pei'pendicular to the long.axis of the body; the magnetic field is perpendicu- 
lar to the frontal plane.) The data are from Carl H. Durney of the University of Utah. 
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WIDELY RECOGNIZED STANDARD for maximum public and occupational exposure *o 
microwaves was established in 1966 by the American National Standards Institute (ANSI) 
and was significantly revised in 1982. in 1966 the voluntary standard allowed the maximum 
incident power level to'be 100-watts per square meter for frequencies ranging from '10 
megahertz to 100 gigahertz (100,000 megahertz). An ANS| committee revised the limit in 
1982 to reflect the finding that the human body absorbs more energy at some frequencies 
than it does at others. The 1982 version makes power densit ies dependent on frequency, 
lowering allowed power levels for frequencies in the neighborhood of  100 megahertz. The 
standard's goal is to limit absorption to .4 watt per kilogram, averaged over'the entire body. 
If  only part of  the body is exposecL, higher power intensities are sometimes permissible. 
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RF.PORTS OF BIOLOGICAL EFFECTS were plotted (dots) by the ANS| committee ac- 
cording to SAlt and frequency before the organization revised its exposure standard in 1982. 
For effects reported to occur at SAR'S above five watts per kilograni, different studies gen- 

of such a difference occurring in two 
samples from an identical populat ion 
of only 100 animals each is roughly  
.005, and st) the difference is statisti- 
cally highly significant. 

A face value this last finding sug- 
gested that low levels of micro-  

wave radiation can cause cancer in 
mice (and by inference in humans).  
The finding was widely reported by 
thr l aymedia  in 1984 and has been fre- 
quently cited in "public disputes over 
proposed microwave facil it ies. Never- 
theless.-vaeitms~ . r  ions militate 
a r a ~ s t  drawing a hasty c6n'ciusion. 

/ For one thing, the total num'Ber...of 
malignant tumors in the control ani .... 
mals was lower than the number  ex- x, 
pected for the particular strain of  rat; , 

\ t h e  rate of malignancies in the exposed / 
z~ts was about as expected. Thus t h e /  
ex'l~sed animals had an excess ofJ.a" 
mors-"~a~ in comparison with th~'6on- 
trois, not~T~omgacisaa_w-/th"~e rate 

.of tumor development generally ob- 
"(served in this strain of animal. 

Other problems, of a. statistical na- 
ture, also arose. So few malignancies 
were found that tumors of all kinds 

eraUy agreed on the nature of the effect and the SAR)s that would reliably produce it. For 
effects reported at lower power levels, different studies showed much less agreement. Many Considering that some uncertainty 
of the effects reported at the lower levels were not considered indicative of a hazard. ANSl persistS, how should future research 
further determined .that reported effects that could be considered hazardous occurred at an proceed, and on what basis should any 

I entire-body san  of four watts per kilogram and above; the organization arrived at the 1982 " new standards be set? During t h e ,  
i SAR limit of .4 watt per kilogram (broken line) by then building in a safety factor of I0. 1980's U.S. Government  support  of  in- 

33 
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had to be grouped in the statistical 
analysis. No single type of tumor pre- 
dominated, nor was the incidence of 
any single type of tumor unexpected=. 
on the basis of previous studies. I f '  
some specific type of tumor  had p r e -  
dominated, that finding would have 
made a much stronger case for a carci- 
nogenic "effect from low levels o f  mi- 
crowave energy. 

The comparison of rates o f  malig- 
nancy was just one of 155 different 
comparisons made in the study. Given 
such a large number  of comparisons,  
some striking differences would be 
likely to be found that are in fact mere-  
ly chance occurrences. T h e  cancer 
finding may  be such a statistical anom- 
aly. In short, the finding of excess can- 
cer is provocative,  but whether it re- 
flects a biological activity of  micro- 
wave radiation is not c e r t a i n . - T o  
demonstrate reliably a connection be- 
tween microwave irradiation and the 
development of any one kind of tumor  
might require a study hundreds, of  
times larger and more expensive ~ a n  
the Seattle s t u d y m a  size that might be 
infeasible. Our conclusion f rom these 
examples and f rom the large literature 
on microwaves is that al though some 
hazard f rom weak microwave fields 
might be proved in the future, there is 
currently little evidence for the pres- 
ence of such a hazard. 



vestigation into the possible biological 
effects of electt0magne.tic fields, in- 
eluding those at power-line and radio 
frequencies, has been at the level of 
about $10 million per year. The result- 

, ing work, taken together With earli- 
er studies, hasproduced  a consensus 
among most investigators that the only 
strong evidence for the hazards of mi- 
CrOWaVeS is-found at high levels of 
exposure.' Be~;ond this, agreement is 
harder.to come by. Scientists disagree 
over the meaning of effects that.have 
been reported to occur in animals at 
exposure levels slightly below the ANSI 
standard. Such disagreements are not 
likely to result in drastic changes in 
exposure standards. Public debate, on 

proach. When improved do.~imetry re- 
vealed .that the human body can ab- 

.sorb more energy at specific frequen- 
cies, ANSt in effect built in a wider 
safety margin for exposure at those 
-frequencies . . . .  

The U.S. has no consistent approach 
to the setting of standards. Individu- 
al Federal agencies have been setting 
their own.limits, as have some individ- 
ual states, counties and .nongovern- 
mental organizat!ons. Different regu- 

la t ions apply in different situations 
and have varying degrees of legal 
force. Standards can be voluntary or 
mandatory and can apply to occupa- 
tional groups or to the general public. 
A town can impose regulations that 

the other hand, has often focused on differ from those of its county, which 
the possibility of hazards at much l o w -  itself may impose regulations that dif- 
er levels of exposure and on the possi- 
ble need for more stringent standards. 

Better coordination of future re- 
search should �9 some of the sci- 
entific and public confusion. Many 
Government  agencies, including the 
military, have funded investigations of 
the biologicaleffects of microwaves~ 
Lack of coordination among these 
agencies has unfortunately resulted in 
a scatter-gun approach in which many 
preliminary studies have been carried 
out but not followed up. 

Before new studies are undertaken 
the Government should commit itself 
to supporting independent attempts at 
duplication and also supporting fol- 
low-up studies to explore the signifi- 
cance of new findings. Some agencies 
appear to be moving in this direction, 
with the Army, the Air Forceand  the 
Navy now funding follow-up studies 
on controversial recent reports. COn, 
versely, some criteria must be devel- 
oped for determining when to.halt re- 

fer from those of the relevant Federal 
agency. Such divergence can force us- 
ers of the electromagnetic spectrum tO 
abide by differing standards; it also 

liable reports. How-to deal with the 
uncertainty, balancing the benefits of 
technology against the costs of possi- 
ble hazards, is an urgent problem, not 
only with respect to microwave energy 
but also for many other environmental 
agents whose potential hazards have 
only begun to be explored. 

vi7 CROWAVE / ~  - 

" MICROWAVE 
. ~ , ~  PULSE 

creates burdens on the various govern- . " ~  WATER 
mental agencies. ~ SURFACE 

The U.S. Erivironmental Protection 
Agency has begun a process that may 
eventually result in a more uniform 
standard for the general public�9 Earli- 
er this year i t  published for public 
comment three possible guidelines: 
one similar to (but not identical with) 
the ,~NSt guideline, another five times 
lower than the ANSt guideline and one 
10 times lower than the ^NSl guideline. 
The EPA is probably more than a year 
away from promulgating its final stan- 
dard, but if a regulation is.adopted, it 

�9 is efforts to set 
~r the 

a curious fact that the Soviet 
and the Warsaw Pact countr ies  

have recently relaxed their standards. MtCR(:~AVE PULSE 
: /  

At least one Soviet commentator  has 
search on a given topic, open questions stated that an acceptable level of expo- ~ / t  
notwithstanding. " " sure is .4 watt per kilogram for one 

hour, comparable to the present ANSI 

E ven with imp)roved coordination of limit of .4 watt per kilograni averaged 
research, i t , , ~ i ~ n o ~ ~  over six minutes. The current Soviet 

latQ)tg,,t, h e , ~ ~ g . 4 a ( ~ m , d ) a ) c h i r  standards for occupational exposure ,, 
mgam)?that~regulaaot, e,,oanno~g, ua)~.~ to microwave energy are two watts p e r  *ICROWAVE AUDITORY EFFECT, a 
tee'  total-safery,-wt, mn-~they-.~e~,sms).l square meter for stationary sources clicking noise heard when microwave pulses 
~ t a ' d s . . ,S~anda~ds -a re .one ,~y ,b~ i~  and 20 watts per square meter for no -  �9 a~e beamed at the head, was explained in 

c a r t  b a l a n c e s  t h e  b e n e f i t s ~ o f ~  b d  s t v v 1974 by one of the au tho r s  (Foster} He  pro ~;):" .y . . . . .  "" t r 1 6 2  ' e  ources, b o h a  e ragedo  er one ~ . . . . . . . .  " " 
notog~..agai$~,,potential,,),isk~Traffic ~ hour. The levels for the general public po.)se.a mat me neao respy, nas to ml�9 
s-eed limits are set at a lev " ' ~ . . mncn as water noes. wnen water aasoros 
P " " ' et mat \ a r e  tower: .t wat~ per square meter. -:'~ses of microwaves it under-oes a ra-id 

achieVes some balance between the Thus the Soviet and the American ~ '~-  ~ ' ~" .-Y 
- o dny r ise  in temperature. ~ne resumng 

danger o f  excesstve speed and the de- s~andards are approaching a g r e e m e n t ,  exU~ansion o f  the  fluid generates a sound 
sire of most people to travel as quickly x,~ - ~ ~ e  that propagates from the surface of 
as possible. The limits offer no p r o m ~  standards.g.isra'g'ffrprt~,.-.Ahe water and can be .heard as a click or 
ise of zero risk at lower speeds but J- ingly d i ~ s .  Some has- recorded by a hydrophone. The same proc- 
m e r e l y  legitimize the speedsat  which ards of m!crowave energy, such as ess, Foster suggested, occurs in tissues of 
known hazards are' unlikely to be a 
problem. Similarly, exposure limits 
for microwaves (and other environ- 
mental agents) can only be based on 
known hazards, with a safety factor 
built in. The revision.of.the 1982 ANSt 
standard is an. example of this ap- 

burns or heat stress,  a r e  well estab- t he  head on exposure  to pulsed microwaves .  
T h e  he.qring o f  cl icks is one of  the .few un- lished; effective-standards cah be" .set 
equivocal effects of microwave energy at av- 

for  these. Whether other hazards can 
erage  power  dens i t ies  tha t  could be below 

arise from. exposure to low levels of the A,~Sl standard. The audi tory  effect was 
microwave energy is a matter of con- first repor ted  .in 1947 but its mechan i sm 
jecture, which depends on the interpre- was only  expla ined  years later. The effect is 
tation of a large b o d y  o f  often unre- not n o w  cons idered  to represent  a hazard .  
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K E N N E T H  R. FOSTER and AR- 
THUR  W. GUY ("The Microwave 
Problem") are interested in the inter- 
action of electromagn'etic fields and 
living tissue. Foster received a Ph.D. 
in physics from Indiana University in 
1971. He began his research, on the 
biological effects of microwaves while 
serving in the U.S. Navy and has pur- 
sued it since 1976as associajte profes- 
sor of bioengineering at the Univr 
of Pennsylvania. Guy has been at the 
University of Washington since his un- 
dergraduate days, with the exception 
of seven years spent doing research 
on antennas for the Boeing Aerospace 
Company. He is now professor of: 
bioengineering�9 and director of the 
bioelectromagnetics ~borator-y. From 

�9 1970 to 1982 he was chairman of the 
American National Standards Insti- 
tute committe.e that wrote guidelines 
for human exposure to microwaves�9 
One of his hobbies is operating a ham 
radio, which he uses for a daily "rag 
chew" withhis father in Montana. 
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T H E  MICROWAVE PROBLEM 

BIOLOGICAL EFFECTS ANU ~|J'UICAI. 
APPLICATIONS OF ELECTRoMAGNI-.TIC 
ENEaGY. Prcceedi~s oj" tke IEEE. 
VoL 68, No. I; January, 1980. 

TNE OIIGINS OF U.S�9 SAFETY S'I'AN- 
DARD$ FOIl ~IICIIOWAVE.RADIArlON; 
Nicholas H. Sleneck. Harold J. Cook. 
Arthur J. Vander and Gordon L. 
Kane in ,s162 Vol. 2OK No..4449. 
pares 123U-1237: June 1.1. 1981). 

EFFEC',~ OF LoNo-TLII,~ Low-i~v~j 
RADIOFIIEOUENCY RADIATION EXIqD. 
suite oN RATs. A. W. Guy c ta l .  
U.S.A.F�9 School of Acrosl)ar Medi- 
cine, 1983-85. 

RADIOFIIEQL'ENCY RADIATION EXPO- 
St;liE LIMITs IN E,~TERN EUIIOPL. pc. 
let Czerski in Journal o/.~liero,~w 
Prover. Vol. 2U. No. 4, pases 2.1.t-2.19, 
198 $�9 

IGIIOLIX~ICAL EH'ECTS AND EXlaOSL.III-~ 
CIIITEIIIA FOIl RADIOFRI:~QL'I-NCY 
ELECTROMAGNETIC FIELI~i. National 
Council on Radialion Proleclion and 
Measurements, Reporl No. 8h, 
Bclhesda. Md.. 1986�9 
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R m .... - ..... ........ ~ ::=:' ~" " Is, Amateur adno Hazardous. 
to our Health? , 

�9 .... ,: 

�9 W h a t  really was Said about cancer rates and Amateur Radio, and 
what we can do about it. 

�9 . � 9  �9 �9 

By Ivan A. Shuiman, MD, WC2S 
6041 Cadillac Ave 
Lm Angetu, GA 9OO34 

W 
hen it was reported in an A u ~  
ciuted Prms release that there was 
an increased rate of death due to 

certain types of cauc~ in Amateur Radio 
operators, this informadon was rapidly 
picked up by the radio community. As a 
physician who specializes in cancer surgery, 
I recmved many calls from amateur and non- 
amateur friends to fred outmore about what 
was going on and what I thought about it. 
As in many reports on medical topics in the 
lay literature and on television, there fre- 
quently is a d i f f ~ c e  between what is report- 
ed and what actually was sa/d in medical 
articles, and this and other recent reports are 
no different. -. 
�9 �9 After much timeand Consideration, several 
tmportant concepts became apparent to me, 
and I hope that by maJdng this rqx}n in Q~T, 
it will help us all to better understand what 
really was said, and what is known about the 
reported association of leukemins and other 
blood cancers with Amateur Radio. This 
article does not purport to completely cover 
all the important articles and r e s ea~  studies 
which have ever been written on the effo=u 
of electromagnetic radiation on human 
biology, but is instead, an effort to review that 
literature which might be useful to Amateur 
Radio operators interested in-responding to 
the questions that have been asked. 

gad/o-frequency waves are a form of elec- 
" tromagnetic waves, and in the frequencies of 

concern to Amateur Radio operators, these 
represent a form of nonionidng radiation. 
The t~ms ioni~ng and nonioni~ng rad/at/on 
are frequently confused, and it is helpful to 
clarify, what I mean by these terms early in 
our d i . r  

Ionization occurs when there is enough 
energy in the radiation to displace an electron. 
from an atom. Radiation that producm.this 

leadlnS-to genetic damage in the individual 
cell; and mutations in future generations of 
sells. Although the energy level of nonioniz- 
ing radiation is lower and thus may not affect 
large molecules or generate measurable 
amOunts of heat in the same manner as ion/z- 
i ~  radladon, tl~'e is substantial evidence that 
nonlonizing radiation has subtle effects at a 
more bas/c cellular level, including effects on 
hormones, enzymes and the cooperative 
mechanisms involved in maintaining the 
i n , o f  intracelinlar systems? 

ents regarding the effects on 
human tissue of nouloniTing electromagnetic 
fields have been conducted for many years. 2 
The fmd/ags of these studies indicate that a 
modulated electromagnetic field,.tharis, one 
in which the energy is cycled on and off or 
is varied by intensity or frequmgy, has a 
greater inhibitory effect on the ability of sells 
in the body to communicate with each other 
than dora a field in which the current mua/m 

�9 at a steady and unmodulated strength. 
Studies indicate that even in a weak elec- 

tromagnet/c field there is a modification of 
ca]c/urn binding at the cell membrane, as well 
as a n  alteration L o f a  variew of calcium 
dependent enzyme systems which work be- 
twom cells.a Experiments have noted that 
the effect on calcium flow in and out of cells 
is frequ~cy dependent, and that.curves can 
be drawn demonstrating these "frequency 
windows." Specifically, the combinationOf 
a very high or ultra high frequency carrier 
(147 or 450 MHz) modulated at specific 
extremely low frequencies (16, 40 or 60 Hz) 
has been studied an d appears to be of bio- 
logic dgnificance." 

Other studies have looked at the effects of 
�9 electromagnetic energy on sells that have 
specific immune functions. An important type 
of white blood cell called a T..tymphocytc is 
involved in the recognition and destruction 
of foreign and malignant sells. There is ev/- 
dence that the normal functioning of these 
cells is slgnificnofly reduced by electric fields 
that simulate 60-Hz high voltage power line 

effect has a very short wavelength, a high fre- fields and by weak microwave fields that are 
quency and high energy level, and is typically amplitude modulated at 60 I-Iz. s,6 The " 
that descn'bed as X-rays and gamma rays . ,  mechanism of this process is not clear, but 
Noulonizing radiation is otherwhe known as may also be related toiutaactions at the level 
infrared and radio-frequency waves, which o f  the cell membrane. 
are at a low~ encrIW level, and have lower fie- More rapidly dividing cells, ~ as those �9 
quencles and longer wavelengtl~ than ioniz- in the bone marrow or sm~l intestine, are. 
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ioaizing and nonio,l,l-g radiation than are 
those which divide more slowly. Thus, it is 
rapidly dividing cells that are more likely to 
demonstrate changes in response to exposure 
to these types of energy. However, cells which 
divide more slowly haveless of  an ability to 
repair any damage done to them by exposure 
over a long period of time. It is important to 

�9 recognize that these effects are not n~essur- 
ily dependent on damage to DNA or other o~l. 
lular markers. 

Evidence at thistime seems to suggest that 
an .appropriate interpretation of this data is 
not thatnonloni~ng energy necessarily causes 
canc~, but that it may act instead to promote 
the efficacy of other agents in doing so. 

Previous Studks 

�9 In 1979, ~ questions, were .raised 
regarding a positive relationship bawem high 
current electrical configurationsin homes and 
the incide~e of cancer deaths in children llv. 
ing in the Denver area. ~ Later, slmiinr t=md- 
ings were noted for adults living near high 
current 60-I-Iz wiring as well s Because of 
criticisms relating to the methodologies and 
assumptions used in these studies, other 
investigators looked at these same issues 
again, and came to simliar concludons.9.,0 

I t  had been reported as early as 1982 that 
there appear~ to be an increased deuth rate 
due to leukemia in people who were exposed 
to magnetic and electric fields in the course 
of  their work. n,s2 Additional articles ap- 
peared in 1983Lt.S 4 an d 1985ts-s8 which also 
suggested that electrk~d workers in general 
w~e at an increased risk of lenkemin and that 
electromagnetic fields might be a cause of this 
form of cam~. A t/me/effect relationship has 
also ]peen suggested for certain forms of brain 
tumors and occupat/onal exposure to micro- 
wave and radio-frequeacy electromagnetic 
radiation, tg~ where the risk was I0 times as 
great in those workers who had industr/al 
exposure to soldering fumes, solvents anda  
variety of other chem/cals. Other reports have 
reviewed the possible relationship between 
spontaneous abortion rates and the use of  
electric blankets, "t vidcodisplay terminals," 
and ceiling cable electric heaL= Cataract 
formation and damage to the retina has also 
bern reported in humans exposed to high in. 
tensity electromagnetic fields and 
microwaves • ing radiation. Ionifiag radiation is dangerous usually more sensitive to the effects of both 

to living organisms in that it affecu cellular . . . Dr MHhtm's Study ' 
dements such as DNA in-the cell nudens,. INot~ appear On page ~. 
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c o n ~  ~ it made pah/~tar ~/f=mce 
tb Amatenr Radio opmton, appeared in tbe 
January 1988 issue of the A m e r k ~  Journal 
of  Ep~em~ology, a respected and prestloons 
medical pubficafion, n 

In 1982, Samuel Milham, Jr~ MD, MPH, 
who works in the Epidemiology section of the 
Washington State Ik'partment of Social and 

�9 Health Serv/ces, reported that a study of 
woi'ken whose stated occupation on death 
:cerlificate-records suggested an exposure to 
electrical or magnetic fields had a higher 
due to lenkemia. "~ In 1985, at the suggestion 
of an Amateur Radio operator (W2EVE), he 
looked at al! the "Silent Keys" ~/mgr that 
appeared in OST and studied the cause of 
death of amatenrs wbo died betwesn the years 
1971 and 1983 and who lived in Washington 
State and California at the time of their 
death. ~ 

To mplify a gr  ghey, 
studied as there were very few women among 
these deaths. A total of 1691 death certificates 
were identified with these Silent Keys. 

: Using a standard statistical analytictecho 
�9 ,-:tuque called proportionate mortality radio 

(PMR), and .an analysis of all US deaths as 
a comparison group, 12.6 of the 1691 
amateurs should have died from leukemia. In- 
stead, 2a, deaths were observed with a ~ 

.-cul ~guificance of p < 0.01, meaning that 
there was less thau a I in 100 chance that this 
was a random occurrence. 

In the largest study reported," Milham 
has expanded on his orisinal work..He first 
idant/fied all licensed amatenrs with addresses 
in California and Washington State. This was 
followed by a computerized and manual 
review of all deaths of persons whose com- 
plete names and dateof births corresponded 
to the list of  known amateurs for the period 
January 1, 1979 to June 16, 1984. 
. A total of 67,829 amateurs were identified 
and 2485 deaths were studied. Eighty-four 
percent (2083 of 2485) deaths occurred in 
California, so this study was weighted heavily 
towards the California experience. After 
making certain statistical adjustments, the 
overall death rate for amateurs was no dif- 
ferent than it was for the population of both 
mues at large. Ltkev~e, tbe overall death rate 

�9 for all forms of cancer among amateurs was 
not significantly different from the larger 
population. 

However, within this cancer death rate, 
there was a'det'mite disproportion of deaths 
due to cancers of "other" lymphatic tissues, 
such as multiple myeloma and non-Hodgkin's 
lymphomas. The death rate for all lenkemias 
was only slightly, but not statistically siguifi- 
eautly, increased. Among those lenkemias, 
however, one form particalarly (acute myelo- 
genons leukemia) was s/8~fimnfly increased. 
It was concluded that the increased number 
of  only these highly specific forms of blood 
disorders, and not others, suggests that a' 
biologic cause and effect is present. 

h was not4mmt'ole to make a direct analysis 
of  any occupational link with these excess 
deaths due to the fact that this information 
was readily available only for Washington 
State deaths. It should be noted that of these 
402 dmths, 31 percem of the amaumrs appar- 
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ently worked in or about electmma~edc Expmune Stmlards ~ :~ *r ' 1 
fi.d.ds as u=hnicians, radio ope=ton or me- The questio,t of  exposure standards also*: 
.vmon repalrmm. Of. a8 deat~ in Washing- dmervm commenL In 1982, the Ameriea~ll 
ton State during this time, onJy 3 percent of National Standards Institute ( A N S l ) ~  I 
the population worked at these oo:upafions, private, commerciali~, sponsored organiza-. ~ 

In addition, among Washington State lioa, published a list of standards based upon 
amateurs, 5 of the 11 dmths dire to kukemias, the thermal effects of electromngnelic fields I 
lymphomas or multiple myeloma~ were in upon .fiuue. ~ There is much controversy[[ 
people who had inch occupational electro- ~ 8  the validity of measuring this type'.g: 
magnetic exposures. It was pointed out that of effect on biolol~: tissues as there is dear- * 
workers in these occupatiom also were evidence that adverse ~sue  ~fe~s can occurl l  

to ocher possible hazards, such as without a detectable rise in temperature, s~ ItlR 
fumes from solder and toxic chemicals such should be noted that Australia, Sweden a n d U  

. as the polychlorinated biphegyis (PCI~, and - the Eastern bloc countries as well as loculi= 
asbestos, any of which in ffmaselve~ might t/es in the states of Oregon and Massachuseus 
conceivably eau~. cancer as well. ' have issued standards whichrecommend si8-.B 

No other cause of death was noted to be nificandy lower exposure levels. Another 
higher than normal in the amateur popula- voluntary.standard has been proposed by the i. 
fion, and in fact, several important and com- National Council for Radiation Protection 
mon muses of death were less than what and Measurement (NCRP), which is notably 
would be expected from the population as a more stringent than the current ANSI stan- II 
whole. Deaths due to cancer of the pancreas dards. 31 ANSI is presently in the process of i i 
and the lung, as well as all deaths due to revising their standards~ 
respiratory diseases (pneumonia, a s thma ,  It is interesting to note that the US Im 
emphysana),~mlatorydiseases(thmeofthe l~nviroumentul Protection Agency h a s  II 

' hem:t and biood.vessels) and accidents w ~ e  recentiydecided to defer'theissuanceofstan- i 
less in anmteurs'as a group than int~e over- dards for exposure to electromaguetic fields 
all population. It was even suggested that under its RF Radiation Guidance Program for �9 
there are fewer c/prette smokers among budgetary restricti6ns, and other priorities.. 
members of the American Radio Relay Despite the requests of the Federal C o m m u - .  
League than in the general US population as nlcation Commission, the National Associa- 
a whole, lion of Broadca.qers, the Electromagnetic I 

Milham concluded that Amateur Radio Ener~ Policy Alliance (of.which the ARP, J. 
licensees in California and Washington State is a senior associate member), and other . 
do have a higher death rate due to acute national organizations to complete this 
myelngenons leukemia, multiple myeloma important work, the EPA has decided to put I I  
and possibly other specific types of  aside manyyearsofeffononthesegnidelines II lymphoma. He felt that exposure to magnetic and to focus its attention on other matters : ~ 
or electrical fields either as a consequence of- which it considers to be of greater public 
work or hobby should be considered among concern. : . . .BI 
the cause of these rates. ' Hand.Held Radios II 
Comments on lhese Studles An article published recently studied the ~ ~ 

.It is important to l~.ognize that studies specific absorption rates in models of the m 
based upon death certificate data. aloneare human head exposed to hand-held radios i I always subject to certalnlimita~ons.Dam in- operating, in the 800-MI-Iz band, which is �9 
accuracies, from input as well as in coding, -where most cellular telephones are used. 3= ~ 
are not uncommon, and when one is meas- The authors studied the ILF energy absorbed IB 
erin8 the inciden:e of small or rare occur-- by simulated tisSUes in.the head (eye, brain, 
rences, this may cause an inadvertent muscle, fat and bone) while holding the trans- i . 

l 
diminution or magnification of the determi- miner in vertical and tilted positions about * 
naUon of these occurrences. None of the the head. Also, a �89 antenna IB 
studies discussed here iook at an actual meas- operated at 1.0 W power output.was com- I mmnent of the electromagnetic or toxic chmn- pured to a 5/8-wavelength antenna operated 
ical exposure that any of the deceased at 1.0 and 1.8 W. This study indicated the ' 
individuals may have had. The issue of what presence of a "hot s~ot" in the eye while 
is called "confounding factors" such as the umnga ~-wnvelength antenna, and one in the 
intengtion of the effect of tox/c chemicais and frontal portion of the brain while using-a 
electromagnetic fields of different levels of 518-wavelength antenna. : ; 

I 
�9 energy is certainly unknown. As a result, 
statisticians may frequently differ on the in. 
terpretalion of identical data. 

On the basis of these research papers, 
however, it is now apparent that the data 
derived so far must be considered si81~icaut 
enough to support further research into both. 
.the ep/demiology of and the biologic mechan- 
uuns involved in these effects. Some of that 
research is presently being done both in the 
United states and abroad and new articles are 
being published "m the scientific li~ fre- 
quently. 

The authors concluded that if the transmit- 
terisoperatedlnaverdCalpositionandisheld ' 1 ;  " 
a t  a distance of  about  2 inches / 
0 cut) from the face during normal use, the 
specific a ~ r p l i o n  rates would not be sign- 
ificant enough to warrant concern, at least 
with refenmce to the present ANSI standards. 
Thesecurmn ANSI standards essen~ally con- 
siderany device.generating less than 7 watts 

�9 output to be safe, an assumption with which 
al~nnst all experts currendy would not agree. 
Other studies using hand-helds operating at 

- Iowes frequmcies and diffe~eut p o t ~  o~uts .  
are being o0edu~d and evalunted with refer. 
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.'" ce to ,bore stringent standards. ~ 1 0 )  Hand-hel~ should be kept as far from-~ and satisfaction as 
f h a t  Does This Mean? ~ the head as'possible when operating. The use [ operator. 

" �9 �9 ( of  a separate microphone or similar device is t" 
Adtnowledgments What does all this really mean for us as recommended. 

.ma.m. ateurs? We all know that there are intrin. 
lic risks in all activities that we do every day. 
~ o w  many of us still smoke, or are over- 

weight or do not bother to fasten our seat 
=_belts in our cars? Knowing about risks only 
~ometimes causes us to change our ways. As 
IL lun=r Radio operators we =mainly do not 

nave any hesitations about discussing ;tnd 
_protecting Ourselves from the dangers of high 

' ~Oltage circuitry. Nor do we shy away from 
�9 [ l~/ i 'ng to prevent the risk of  accidental falls 

~om roofs or antea,~ rowers. 
Likewise, we should recognize a relatively 

~ ' w l y  identified environmental hazard which 
l~aY be significant to those of us even without 

occupational exposure to electromagnetic 
fields or  toxic substances. No one is absolutely. 

rtain about what may be causing this in- 
ed proportion of special cancers. There- 
, prudence dictates that Amateur Radio 

operators should take those simple measures 

l~ ch decrease the possibility of our personal 
posure to electromagnetic fields or toxim 
t we may contact as a consequence of our 

interest in Amateur Radio. Articles have been 
eblished in Q S T  and other Amateur Radio 
b h'cadons regarding some precautions in 

past. ~';~ This current list includes some 
recommendations which are new, particularly 

~ew of recent information. 

ventive Measures 

1) Do not stand or sit close to your power 

I pplies or linear amplifiers while operating, 
en when they are in stand-by mode. 
2) Stay at least 24 inches away from any 

power transformer, electrical fans or other 

I~ ce of  high level 60-Hz magnetic fields 
�9 in operation. 

) Do not tune up or operate a high 
�9 powered linear amplifier while the shields'or 

4vers are off. 
) Run your transmission lines away from 
ere you or other people sit in or near your 

shack. 

fn ~.  operly terminated coaxial transmission 
lines should be used in preference to 

-wure or end-fed antenna installations 
which come directly into the transmitter, as 
the RF radiated from a coaxial feed line is 
~ c h  lower. 
1 6 )  Use common sense about placing all 
antennas well away from yourself and others, 

�9 ~mpecially for VHF, UHF and particularly 
, lerowave applicatious. No one should be in 

near field of  an antenna) s 
7) No person should be near any rza~sodt- 

antenna whi!e.it is operating. This is 
eclally true for all mobile or ground 

nted vertical antennas. The use of indoor 
transmitting antennas which are close to 
people in a house or apartment should be 
~ons idered .  

: I S )  Use the mi~.. "msl power needed to make 
~"~SO, especially if the antenna is less than 
35 feet above the ground. 

)g~and-held radios should be used oti the 
t power setting needed to carry out com- 

: i.-mnicasions. 

an Amateur 

/ 1 I) Transmissions using a hand-held radio'~ 
L.should be kept as short as possible. 1 

12) Power denshy measuremmts should be 
made before running more than 25 watts in 
a VI-W mobile installation, particularly if the 
antenna is mar-deck mountedand passengers 
may fide in the back seat. The safmt mobile 
antenna location is in the center of  the metal 
roof. 

13) The development of  an accurate inea- 
pendve power-dendty met=" would be of 
major benefit to the Amateur Radio conunu- 

�9 ulty so that RF power-density measurements 
. could be taken in all radio installations. 

Because of the cur teat high cost of  such 
devices, Ooups of amateurs or dubs may 
to purchase one and share in its use. 3s 

14) Soldering should only be done in a well 
ventilated area. A small fan should be used 
to blow away toxic fumes. 

15) When using toxic chemicals, such as 
.when etching PC boards or repairing fiber- 
glass, wear gloves aad goggles, use proper 
tools, and avoid contact with any of the 
chemicals. If ar contaminated, wash 
off the comlxhunds immediately with copious 
quantifies of water. ~o Again, the importance 
of always working in a well ventilated area 
with personal prote=iVecovering cannot be 
overemphasized, 

16) Hazardous chemicals, such as those in 
.the PCB class, are used in some capacitors 
and dummy loads. Use extmne care in hand- 
ling these materials, and consult with the 
appropriate local authorities to determine the 
proper m .eaus of  disposing of  these chemicals 
m an envu'onmenm~]y respoodble way. 

Some Observations 

To my knowledge, .no other established 
guidelines aR available to prevent potentially 
harmful exposure. Therefore until such time 
as a dearer picture emerges, we should fol- 
low these simple common sense precautions. 

There is no question that addifionnl infor- 
marion is needed and will ultimately be forth- 
coming on this important is===. This data will 
certainly be difficult to interpret, and confus- 
ing to many of us, both in the amateur and 
nonamamur community. We must therefore 
be prepared to work together to arrive a t  
reasonahle condusinus and appropriate 
actions. ~t 

In preparing this paper, I personally corn: 
municated with several of these experts in the 
field whose .works are referenced below. All' 
of these experts, including Dr Mi]ham, agreed ' 
that none of them would have any hesitation 
regarding their own personal use of currently 
available Amateur Radio equipment, provid- 
ed that it was properly installed and opera- 
ted, and that the recommended precautions 
were followed. 4= Unanimously, they all f(~! 
that no on= should stop operating because o f  
concern for the possible risk of illness, as 
these risks appear to be so relatively low. 

Am I worded? Absolutely not. With com- 
mon smme aad safe operating p .ractices , I look 
forward to many more years of  enjoyment 
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Theauthor wishes to thank those many in- 
dividuals who provided encouragement, in. 
formation, suggesdous and were willing to 
offer multiple critiques of  the numerous 
drafts of  this article: W. Ross Adey, MD, 
(K6UI), Jim Cox (K7JAJ), Fried Heyn 
0VA6WZO), Thomas Mack, MD, MPH, 
Samuel Milham, MD, MPH, John Peters, 
MD, TOd Olson (I~TO),  Wayne Overbeek, 
P hD (N6NB), David Rodman, MD (KN2M), 
Joseph Sulvatore, MD (NIDJH), William 
Tallon (W6IPM). 

An  Amateur  Radio operotor continuously since 
!g~.., l v a n . ~ m a q  ~ he was m/aed on Amateur  
R..smto, and credits his late father W ~ B X  with get- 
tang mm started. A s  a Fellow o f  the Americen Col- 
lege o f  Surgeons, Dr Shulman works as a general 
surgeon with a $Oecial interest in cancer o f  the 
thyroid, breast and gastrointestinal tract, in addi- 
tion to his medical and rmtio octivitMs, he h ~  served 
as the physician f o r  the Los Angeles Philharmonic 
on  tour8 to Me.rico, Jaoon, Korea and Eurooe. He  
also o e c ~ o n a l l y  plays extro oboe with the orches. 

" =.==. whe,,  tes t o  g e t  o .  
~ o ~  DX c h a ~  s ore# a good rag chew 
on .~o me,  era or on UttF. In whateve.r 

t ime is left, h e  is b u ~  introducin t his wife 
and two y o u n t  ~ to the ways o f  Amateur  
Radio. 
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Ranking Possible Carcinogenic Hazards 
Bxuc]  N. Alvies, + 1L NAE MAGAW, Lois  SWlRSK'Y GOLD . 

This review discusses r e a s o n s  wh y  animal cancer tests 
cannot  be  used  to  p red ic t  absolute  human  risks. Such  
tests, however ,  may  be u s e d  to  indicate that  some chemi-  
cals migh t  be o f  grea te r  concern than others.  Poss ib le  
hazards to  h u m a n s  f r o m  a variety o f  roden t  carcinOgae ~ 
are ranked  by  an i n d e x t h a t  relates m e  potency o t  ea 
carcinogen in roden t s  to  the  exposure in humans .  This  
ranking suggests  tha t  carcinogenic hazards f rom cur ren t  
levels o f  pest icide res idues  or  water  pol lut ion are likely to  
be  o f  min imal  concern  relative to  the  background  levels o f  
natural  substances ,  t h o u g h  one  ~ m n o t  say whe the r  these 
natural  exposu res  are likely to be o f  major�9 o r  mino r  

impor tance .  - -  

E PIDEMIOLOGISTS ESTIMATE THA. T AT LEAST 70% OF H . U ~ . ,  
cancer would, in principle, ~ preventable iL~e .mare ns:  
and antirisk factors could be identified (1). Ttus Is oecaus 

the incidence of specific types of cancer differs markedly in different 
parts of the world where people have different life-styles. For 
example, colon and breast cancer, which are among the major types 
of cancer in the United States, are quite rare among Japanese in 
Japan, but not among Japanese-Americans. Epidemiologists are 
providing important clues about the specific causes of human 
cancer, despite inherent methodological difficulties. They have 
identified tobacco as an avoidable cause of about 30% of all U.S. 
cancer deaths and o f  an even larger number of deaths from other 
causes (1, 2). Less specifically, dietary factors, or their absence, have 
been suggested in many studies to contribute to a substantial 
proport/on o f  cancer deaths, though the intertwined risk and 
antirisk factors are l~eing identified only slowly (2, 3, 4). High fat 
intake may be a major contributor to colon cancer, ~ough the 
evidence is not as definitive as that for the role of saturated fat in 
heart disease or of tobacco in lung cancer. Alcoholic .beverage 
consumption, particularly by smokers, has been estimated to con- 
tribute to about 3% of U.S. cancer deaths (1) and to an even larger 
number of deaths from other causes. Progress in prevention has 
been made for some occupational factors, such as asbestos, to which 
workers used to be heavily exposed, with delayed effects that still 
contribute to about 2% of U.S. cancer deaths (2j 5). Preventio n may 
also become possible for hormone-related cancers such as breast 
cancer (1, 6), or virus-related cancers such as liver cancer (hepatitis 
B) and cancer of the cervix (papilloma virus HPV16) (1, 7). 

Animal bioassays and in vitro studies are also providing clues as to 
which carcinogens and mutagens might be contributing to human 
"cancer. However, the evaluation of carcinogenicity in  rodents is 
expensive and the extrapolation 'to humans is difficult (8-11). We 
will use the term "possible hazard" for estimates based .on rodent 
cancer tests and "risk" for those based on human cancer data (10). 

Extrapol.ation from the results of rodent cancer tests done at high 

t7 A.PI~IL x987 . '" 

doses to effects on humans exposed to low doses is routinely 
attempted by regulatory agencies when formulating policies at- 
tempting to prevent future cancer. There is little sound scientific 
basis for this type of extrapolation, in part due to our lack of  
knowledge about mechanisms of cancer induction, and it is viewed 
with great unease by many epidemiologists and toxicologists (5, 9-  
11). Nevertheless, to be prudent in regulatory policy, and in .the 
absence of good human data (almost always the case), some reliance 
on animal cancer tests is unavoidable. The best use of them should 
be made even though few, if any, of the main avoidable causes of 
human cancer have typically been the types of man-made chemicals 
that are being tested in animals (10). Human cancer may, in part, 
involve agents such as hepatitis B virus, which causes chronic 
inflammation; changes in hormonal status; deficiencies in normal 
protective factors "(such as selenium "or 13-carotene) against endoge- 
nous carcinogens (12); lack of other anticarcinogens (such as dietar)' 
fiber or calcium) (4); or dietary imbalances such as excess consump- 
tion off'at (3, 4, 12) or salt (13) ~. 

There is a nee.d for. more balance in animal cance/" �9 to 
emphasize the foregoing factors and natural chemicals as well as 
synthetic chemicals (12). There is increasing evidence that our 
normal diet contains many rodent carcinogens, all perfectly natural 
or traditional (for example, from the cooking of  food) (22), and that 
no human diet can be entirely free of mutagens or agents that can b e  
carcinogenic in rodent systems. We need to identify the important 
causes of human cancer among the vast number of minimal risks. 
This requires knowledge of both the amounts of a substance to 
which humans are exposed and its carcinogenic potency. 

Animal cancer tests can be analyzed quantitatively to give ar 
estimate of th~ relative carcinogenic potencies of the chemicab 
tested. We have previously published our Carcinogenic Potenc) 
Database, which showed that rodent Carcinogens vary in potency b~ 
more than 10 millionfold (14). 

This article attempts to achieve some perspective on the plethora. 
of possible hazards to humans from exposure to known rodcn 
carcinogens by establishing a scale of the. possible hazards for th, 
amounts of various common carcinogens to which humans might b 
chronically exposed. We x-iew the value of our calculations not ,a 
providing a basis for absolute human risk assessment, but as a guid 
to priority setting. One problem with this type of  analysis is that fe, 
of  the many natural chemicals we are exposed to in .very larg 
amounts (relative to synthetic chemicals) have been tested in animal 
for carcinogenicity. Thus, our knowledge of  the background levc 
of human exposure to animal carcinogens is fragmentary, biased i 
favor, of synthetic chemicals, and limited by our lack of  knowledge 
human exposures. 

r,I;r Berkeley CA 94720 K. Magaw aria x.. o w , ~ '  ,o~ - . . . .  oA~. 
~ ' ~ " ~ - ~ '  7 J ?  �9 �9 �9 " I~tO , B c r K c I C V ,  ~ 7 - z ~ .  Biology and Medicine Dtvlslon, Lawrence Berkeley Labo t3, 
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Ranking of Possible C~'cinogenic Hazards 
Since carcinogens differ enormously in potency, a comparison of 

possible hazards from various carcinogens ingested by humans must 
take this into account. The measure o f  potency that we have 
developed, the TDs0, is the daily dose rate (in milligrams per 
kilogram) to halve the percent of  tumor-free animals by the end of  a 
standard lifetime (14). Since the TDs0 (analogous to the LDso)is a 
dose rate, the lower the TDso value themore potent the carcinogen. 
To calculate our index-of possible hazard we express each human 
exposure (daily lifetime dose in milligrams .per kilogram) as a 
percentage of the rodent TDso dose (in milligrams per kilogram)for 
each carcinogen. We call this percentage HERP [Human Exposure 
dose/Rodent Potency dose]. The TDs0 values are taken frofn our 
ongoing Carcinogenic Potency Database (currently 3500 experi- 
ments on 975 chemicals), which reports the TDs0 values estimated 
from experiments in animals (]4). Human exposures have been 
estimated from the literature as indicated. As rodent data ate all 
calculated on the basis of  lifetime exposure at the indicated daily 
dose rate (14), the human exposure data are sirnilarly expressed as 
lifelong daily dose rates even though the human ext~osure is likely to 
be less than daily for a lifetime. 

It would be a mistake to use our HEKP index as a direct estimate 
of  human hazard. First, at low dose rates human susceptibility may" 
differ systematically from rodent susceptibility. Second, the general 
shape of  the dose-response relationship is not known. A linear dose 
response has been the dominant assumption in regulating carcino- 
gens for many" years, but this may not be correct. If  the dose 
responses are not linear but are actually quadratic or hockey-stick 
shaped or show a thresh'old, then the actual hazard at low dose rates 

m i g h t  be much less than the HERP values would suggest. An 
additional difficulty is that it may be necessary to deal 'with 
carcinogens that differ in their mechanisms of  action and thus in 
their dose-response relationship. We have therefore put an asterisk 
next to HERP values for carcinogens that do not appear to be active 

�9 through a genotoxic (DNA damaging or mutagenic) mechanism 
(15) so that comparisons can be made Within the genotoxic or 
nongenotoxic classes. 

Table 1 presents our L-IEtLP calculations of possible cancer 
hazards in order to compare them within several categories so that, 
for example, pollutants of  possible concern can be compared to 
natural carcinogens in the diet. A convenient reference point is the 
Possible hazard from the carcinogen chloroform in a liter of  average 
(U.S.) chlorinated tap water, which is close to a HERB of  0.001%. 
Chloroform is a by-product of  water chlorination, which proteggs us 
from pathogenic viruses and bacteria. " 

Contaminated water. The possible hazards from carcinogens in 
contaminated well water [for example, Santa Clara ("Silicon") 
Valley, California, or Woburn, Massachusetts] should be Compared 
to-the Possible hazard of  ordinary tap water (Table 1). Of  35 wells 
shut down in Santa Clara Valley because of their supposed carcino- 
genic hazard,only two have HERP values greater than ordinary tap 
water. Well water is not usually chlorinated and typically lacks the 
chloroform present in chlorinated tap water. Water from the most 
polluted well (HERB = 0.004% per liter for trichloroethylene), as 
indicated in Table 1, has a HERP value orders of  magnitude less 
than for the carcinogens in an equal volume of cola, beer, or wine. 
Its HERP value is also much lower than that of  many of  the 
common natural foods that are listed in Table 1, such as the average 
peanut butter sandwich. Caveats for any comparisons are given 
below. Since tlae consumption of  rap .water is only about 1 or 2 liters 
per day, flae animal evidence provides no good reason to expect that 
chlorination of  water or current levels of  man-made pollution of  
water pose a significant carcinogenic hazard." 

z7"Z 

esticide residues. Intake ofmar~-made pesticide residuesTrom food 
in flae United States, including residues of  industrial chemicals such" ~ 
as polychlorinated, biphenyls (PCBs), averages about 150 I~g/day.. .... 
Most (105 0-g) Of this intake is composed of three chemicals l 
(ethylhexyl diphenyl phosphate, malathion, and chlorpropham) | 
shown to be noncarcinogenic in tests in rodents (16). A carcinogen- ~ 
ic pesticide residue in food of Possible concern is DDE, the principal 
metabolite (>90%) of  DDT (]6). The average U.S. daily intake of  ~ 
DDE from DDT (HERI' = 0.0003%) is equivalent to the H E R P  U 
of the chloroform in one glass of tap water, and thus appears to be ~:~ 
insignificant compared to the background of natural carcinogens in 
our diet (Table 1). Even daily consumption of 100 times the average 
intake of DDE/DDT or PCBs would produce a possible hazard that 
is smal'.:~mp~ared to other common exposures shown in Table 1. 

Naturf'sptaizides. We are ingesting in  our diet at least 10,000 
times more by weight Of natural pesticides than of  man-made 
pesticide residues (]2). These are natural "toxic chemicals" that have 
an enormous variety of chemical structuresl appear to be present in 
all plants, and serve to protect plants against fungi, insects, and 
animal predators (22). Though only a few are present in each plant 
species, they commonly make up 5 to 10% of the plant's dry weight 
�9 (]2). There has been relatively little interest in the toxicology or 
carcinogenicity of  these compounds until quite recently, although 
they are by far the main source of  "toxic chemicals" ingested by 
humans. Only a few dozen of  the thousands present in. the human 
diet have been tested in animal bioassays, and only some of these 
tests are adequate for estimating potency in rodents U4). A sizable 

-proportion of those that have been tested'are carcinogens, and many 
others have been shown to be mutagens (22), so it is probable that 
many more will be found to be carcinogens if tested. Those shown 
in Table 1 arc: estragole (HERP -- 0~1% for a daily i g of  dried 
basil), safrole (HERP = 0.2% for a daily natural root beer), sym- 
phytine (a pyrrolizidine alkaloid, 0.03% for a daily cup of comfrey 
tea), comfrey tablets sold in hcalth food stores (6.2% for a daily 
dose), hydrazines in mushrooms (0.1% for one daily raw mush- 
room), and aUyl isothiocyanate (0.07% for a daily 5 g of  brown 
mustard). 

Plants commonly produce very much larger amotmts of their 
natural ~o "xins when damaged by insects or fungi (12). For example, 
psoralens, light-activated carcinogens in cele~,, increase 100-fold 
when the plants are damaged by mold and, in fact, can cause an 
occupational disease in cele~-pickers and in produce-checkers at 
supermarkets (12, 17). 

Molds synthesize a wide variety of  toxins, apparently as antibiotics 
in the microbiological struggle for survival: over 300 mycotoxins 
have been described (18). The)., are common pollutants of  human 
food, parti~larly in the tropics. A comiderable percentage of those 
tested have been shown to be mutagens and carcinogens: some, such 
as aflatoxin and sterigmato~,stin, are among the most potent known 
rodent carcinogens. The potent 3, of aflatoxin �9 different species 
varies widely; thus, a bias may exist as the HERI~ trees the most 
sensitive species. The aflatoxm content of  U.S. peanut butter 
averages 2 ppb, which corresponds to a HERP 'of 0.03% for the 

peanut  butter in an average sandwich (Table 1). The Food and Drug 
Administration (FDA) allows ten times this level (HERP -- 0.3%), 
and certain foods can often exceed the allowable limit (18). Afla- 
toxin contaminates wheat, corn (perhaps the main source of dietary 
aflatoxin in the United States), and nuts, as well as a wide .variety of  
stored carbohydrate foodstuffs. A carcinogenic, though less potent, 
metabolite of aflatoxin is found in milk from cows that eat moldy 
grain. 

There is-epidemiologic evidence that aflatoxin is a human carcino -�9 
gen. High intake in the tropics is associated with a high rate of  liver 
cance r, at least ami~ng those chronically infected with the hepatitis B 
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�9 ~ e , e  (19, 20). Considering the potency of  those mold toxins that 
i -been tested and the widespread contamination of  food .with 
molds, they may represent the most  significant carcinogenic pollu- 
:i~n of  the food supply in developing countries. Such pollution is 
I c h  less severe in industrialized countr i~,  due to refrigeration and 

�9 modem techniques o f  agriculture and Storage, including use o f  
synthetic pesticides and fumigants. 

Preparation of foods and beverages can also produce carcinogens. 
Alcohol has been shown to be a human carcinogen in numerous 
epidemiologic studies (1, 21). B o ~  alcohol and acetaldehyde, its 

.. . . . . �9 . �9 i 

i ~lt~le'lRTseki~ngtPOss,ble.ca[.clnogen,c h .az?~.: Potency ofcamnagens: A .number iri parenth~es, indicates a TDs0 value not used in HERP calculation because 
: I1'_ _ �9 ~n~,~lve spe.cles, t-.) - ne~nve, in .c~mcer test. ( + ) =  posmve mr carcmogemcaty m test(s) not stiitable for calculating a TD~0; ~) -- is not 
f fquate~t~. tea  ror.carcmogen~lty.,TDs0 values shown are averages calculated by taking the harmomc mean of the TD~0's of the sitive tests in(~at species 

u,~ ,..arcmogemc rotency watauase. Kesmts are summr ~tme lowest TDs0 value (most potent) is used instead. For each test ~ target site with the low- 
: s_Lt TDs0 value has been used. The average "I'D.s0 has been calculated separately for rats and mice, and the more sensitive species is used for calculating the pos- 

i ~ e  hazard. The database, with references to the s.ource of the cancer tests, is complete for tests published through 1984 and for the National Toxicology 
I g r a m  bloassays through June 1986 (14). We have not indicated the route of exposure or target sites or other particulars of each test. portea ' - ~z " . . . . .  although these are re- 

.m the ~a~ base. Daily human exposure. We have med to use~avetage or reasonable daily intakes to facilitate comparisons. In several cases, such as 
contaminated'well water or factory exposure to EDB, thir is difficult to determine, and we give the value for the worst found and indicate pertinent 
l~ee:e~ot~n~eRefe~nces ~d,N,ot.es. The calculauons assume a daffy dose fora lifetime; where drugs are normally taken for onl ,a  short eriod we have 

nag ~x.r vatuc. ~'or Innalataon e.x sures we assume " ' �9 ) P 
,~r air at home Poss/ble hazard. Thcarno~t of rodent ca --:--a~-~-n~-'~~176 liters Per 8 hou.rs for.~c workplace and 10,800 liters per 14 hours for 
. �9 . . , �9 . t~u~u~u mmcare~ unaer carcinogen oose z s  mvlaed by 70 kg to "vea mitli am er kilo of 
numan exposure, ann mis human oose is given as the percentage Of the TD,0 dose in the rodent (in milligrams r kilog~ am to c~ uiaPte gram 

�9 ~iosuredRodent Potency index (HER.P). pc gr ) c the Human 

, Ioss ib le  Potency of carcinogen: 
hazard: Daffy human Carcinogen dose per TDs0 (mg/kg) Refer- 

i ~]~RP (%) exIx)sure 70-kg person ences 
'i �9 Rats Mice 

0.001" 

: i  "004. 

3.0004* 
.0.0002* i:ioo. - 

�9 ~" "--O1004 
2.1 

I: oo : 
0.0004 

I , .003  
0.006 

F 
0.03. 

.06 

.07 
. 1  

0.1 
0.2 

I: o08 
8* 

4.7 ~ 

0.0002 
.~6" 

.3] 
] 

Tap wate~-, 1 liter 
Well water, 1 liter contaminated 

(worst well in "Silicon Valley) 
Well water, 1 liter contaminated, Woburn 

Swimming pool, 1 hour (for child) 
Conventional home air (14 hour/day) 

Mobile home air (14 hour/day) 

PCBs: daily dietary intake 
DDE/DDT: daffy dietary intake 
EDB: daffy dietary intake 

(from grains and grain products) 

Bacon, cooked (i00 g) 

Sake (250 ml) 
Comfrey herb tea, 1 cup 

Peanut butter (32 g; one sandwich) 
Dried squid, broiled in gas oven (54 g) 
Brown mustard (5 g )  
Basil (1 g of dried lea 0 . 
Mushroom, bne raw (15 g) (Agar/cus b/cpvrus) 
Natural root beer (12 ounces; 354 ml) 

(now banned) 
Beer, before 1979 (12 ounces; 354 ml) 
Beer(12 ounces; 354 nil) 
Wine (250 ml) 
Comfrey-pepsin tablets (nine daily) 
Comfrey-pepsin tablets (nine. daily) 

AF-2: dally dietary intake before banning 
Diet Cola (12 ounces; 354 ml). 

Phenacetin pill(average dose ) 
Metronidazolc (therapeutic dose) 
Isoniazid pill (prophylactic dose) 
Phenobarbital, one sleeping pill 
Clofibrate (average dally dose) 

Formaldehyde: Workers ' average daily intake 
EDB: Workers' daily intake (high exposure) 

~Astr indi~t~ HERP flora r thought to be nonger, u~oxk. 
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Enmronmenral pqUurion 
Chloroform, 83 gg (U.S. average) 
Trichloroethylene, 2800 ~.g 

Trichloroethylene, 267 p.g 
Chloroform, 12 v.g 
Tetrachloroethylene, 21 v-g 
Chlor6form, 250 v.g (average pool) 

�9 . Formaldehyde, 598 ~.g 
Benzene, 155/~g 
Formaldehyde, 2.2 nag 

P ~ ' i ~  and other midv2s 
PCBs, 0.2 wg (U.S. average) 
DDE, 2.2 v-g (U.S. average) 
Ethylene dibromidc, 0.42 ~g 

(U.S. average) 
Natural p'erticida and dietary toxins 

Dirnethylnitrosamine, 0.3 v.g 
Diethyinitrosamine, 0.1 ~g 
Urethane, 43 wg 
Symphytine, 38 wg 

(750 I~g of pyrrolizidine alkaloids) " 
Aflatoxin, 64 ng (U.S. average, 2 ppb) 
Dimethylnitrosamine, 7.9 wg 
Allyl isothiocyanate, 4,6 mg 
Estragole, 3.8 mg 
Mixture of hydrazines, and so forth 
Safrole, 6.6 mg 

! Dimethylnitrosamine, 1 ~g 
Ethyl alcohol, 18 ml 

. -Ethyl alcohol, 30 ml 
Cornfrey root,' 2700 mg 

: Symphytine, 1.8 nag 
~0ad add/t/yes 

AF-2 (furylfuramide), 4.8 wg " 
Saccharin, 95 nag 

Drugs 
Phenacetin, 300 mg 
Metronidazole, 2000 nag 
Isoniazid, 300 mg 
Phenobarbital, 60 mg 
Clofibrate, 2000 nag 

Occupational exposure 
Formaldehyde, 6.1 nag 

, Ethylene dibromide, 150 mg 

i 

" I 

(119) 90 96 
( - )  941 97 

(-)  
(119) 
101 

(119) 
1.5 

(157) 
1.5 

1.7 
(-)  
1.5 

(0.2) 
0.02 
(41) 
1.9 

0.003 
(0.2) 
96 
(?) 
(?) 

(436) 

(0.2) 
9110 
9110 

626 
1.9 

941 98 
90 

(126) 
90 99 

"(44) 200 
53 

(44) 28 

(9.6) 
13 

(5.1) 

]OI 
16 

102 

1.5 (44) lo9 
1.5 (5.1) 55 

1246 (2137) 51 
(542). 506 107 
(150) 30 208 

(+) 5.5 50 
169 (?) .52 

29 (131) 44 
2143 ( - )  106 

0.2 38 
(?) 23 
(?) 23 

, (:) los 
(?) 

A R T I C L E S  2 7 3  

0.2 40 
(+) 

22 24 
(?) 203 

(+) 18 , 

0.2 37 
( - )  47 

52 48  
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major metabolite, are carcinogens in rats (22, 23). The carcinogenic 
�9 potency of ethyl alcohol in rats is remarkably low (23), and it is 

among the Weakest carcinogens in our database. However, human 
intake of alcohol is very high (about 18 g per beer), so that the 
possible hazards .shown in Table 1 for beer and wine are large 
(HERI'  = 2.8% for a daily beer). The possible hazard of alcohol is 
enormous relative to that from the intake o f  synthetic chemical 
residues. If  alcohol (20), trichloroethylene, DDT, and other pre- 
slunptive nongenotoxic carcinogens are active at high doses because 
they are tumor promoters, the risk from low doses may be minimal. 

Other Carcinogens are present in beverages and prepared foods. 
Urethane (ethyl carbamate), a particularly well-studied rodent car- 
cinogen, is formed from ethyl alcohol and carbamyl phosphate 
during a variety of fermentations and is present in Japanese sake 
(HERP = 0.003%), many types of wine and beer, and ih smaller 
amounts in yogurt and bread (24). Another fermentation product, 
the dicarbonyl aldehyde methylglyoxal, is a potent mutagen and was 
isolated as the main mutagen in coffee (about 250 ~,g in one cup). It 
was recently shown to be a carcinogen, though not in a test suitable 
for calculating a TDs0 (25). Methylglyoxal is also present in a variety 
of  other foods, such as tomato puree (25, 26). Diacetyl (2,3- 
butanedione), a closely related dicarbonyl compound, is a fermenta- 
tion product in wine and a number of other foods and is responsible 

" for the aroma of butter. Diacetyl is a mutagen (27) buthas not been 
tested for carcinogenicity.. 

Formaldehyde, another natural carcinogenic and mutagenic alde- 
hyde, is also present in many common foods (22, 26-28). Formalde- 
hyde gas caused cancer only in the nasal turbinates of the nose- 
breathing rodents and even though formaldehyde is gen0toxic, the 
dose response was nonlinear (28, 29). Hexamethylenetetramine, 
which decomposes to formaldehyde in the stomach, was negative in 
feeding studies (30). The effects of oral versus inhalation exposure 
for formaldehyde remain to be evaluated more thoroughly. 

As formaldehyde is almost ubiquitous in foods, one can visualize 
various formaldehyde-rich scenarios. Daily consumption of shrimp 
(HEtLP = 0.09% per. 100 g) (31), a sandwich (HERP of two slices 
of  bread = 0.4%) (22), a cola (HERP -- 2.7%) (32), and a beer 
(HER.P = 0.2%) (32) in various combinations could provide as 
much formaldehyde as living in some mobile homes 
(HEtLP -- 2.1%; Table 1). Formaldehyde i s  also generated in 
animals metabolically, for example, from methoxy compounds that 
humans ingest in considerable amounts from plants. The level of 
formaldehyde reported in normal human blood is strikingly high 
(about 100 ~ or 3000 ppb) (33) suggesting that detoxification 
mechanisms are important. 

The cooking of food generates a varlet), of mutagens and carcino- 
gens. Nine heterocvclic amines, isolated on the basis of  their 
mutagenicit), from proteins or amino acids that were heated in ways 
that occur in cooking, have now been tested; all have been shown to 
be potent carcinogens in rodents (34). Many others are still being 
isolated and characterized (34). An approximate HERP of 0.02% 
has been calculated by Sugimura et al. for the daily intake of these 
nine carcinogens (34). Three mutagenic nitropyrenes present-in 
diesel exhaust have nowbeen shown to be carcinogens (3S), but r.lae 
intake of these carcinogenic nitropyrenes has been estimated to be 
much higher from grilled chicken than from air pollution (34, 36). 
The total amount of browned and burnt material eaten in a typical 

�9 day is at .least several hundred times more than that inhaled from 
�9 severe air pollution (12). 

Gas flames generate NO,, which can form both the'carcinogenic 
nitropyrenes (3.5, 36) and the potently carcinogenic nitrosamines in 
food cooked in gas ovens, such as fish or squid (HEtLP = 0.06%; 
Table 1) (37). We suspect that food cooked in gas ovens may be a 
major source of dietary nitrosamines and nitropyrenes, though it is 
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not clear how significant a risk these pose. Nitrosamines were 
Ubiquitotis in beer and ale (HER2 = 0.008%) and we're formed "~ 
from NO2 in the gas flame-heated air used to dry the malt. 
However, the indusu T has switched to indirect heating, which �9 
resulted in markedly lower levels (< 1 ppb) of dimethylnitrosamine . 
(38). The dimethylnitrosamine found in human urine is thought to 
be formed in part from NOz inhaled from kitchen air (39). Cooked �9 
bacon contains several nitrosamines (HERP = 0.009%) (40). | 

Oxidation offats and vegetable oils occurs during cooking and also ..... 
spontaneously if. antioxidant levels are low. The result is the 
formation of  peroxides, epoxides, and aldehydes, allofwhich appear B 
to be rodent carcinogens (8, 12, 27). Fatty acid hydroperoxides ,~.. 
(present in oxidized oils) and cholesterol epsxide-have been shown 
to be rodent carcinogens (though not in tests suitable for calculating �9 
a TDs0). Dried eggs contain about 25 ppm of cholesterol epoxide (a | 
sizable amount), a result of the oxidation of cholesterol by the NO2 
in the drying air that is warmed by gas flames (12). 

Normal oxidation reactions in fruit (such as browning in 'a cut �9 
apple) also involve production of peroxides. Hydrogen peroxide is a ~ | 
mutagenic rodent carcinogen that is generated by oxidation of -" 
natural phenolic compounds that are quite widespread in edible m 
plants. A cup of coffee contains about 750 Izg of hydrogen peroxide �9 
(28); however, since hydrogen peroxide is a very weak carcinogen . I 

(similar in potency to alcohol), the HERP for drinking a daily cup 
of coffee would b e very low [comparable to D DE/D.DT, PCBs, or i 

ethylene dibromide (EDB) dietary intakes]. Hydrogen perox.ide is | 
also generated in our normal metabolism; human blood contains ' 
about 5 ~ hydrogen peroxide and 0.3 ~ 0fthe cholesterol ester 
of raft), acid hydroperoxide (4/). Endogenous oxidants such as i 
hydrogen peroxide may. make a major contribution to cancer and M 
aging (42). ' 

Calawie intake, which could be considered the most striking rodent m 
carcinogen ever discovered, is discussed remarkably little in relation ! 
to human cancer. It has been known for about 40 years that 
increasing the food intake in rats and mice by about 20% above 
optimal causes a remarkable decrease in longevity and a striking �9 
increase in endocrine and mammary tumors (43). In humans ,  
obesity (associated with high caloric intake) leads to increased levels 
of circulating ~trogens, a significant cause of e_ndometrial and ga l l  
bladder cancer. The effects of moderate obesit),, on other types of �9 
human cancer are less clear (I). 

Food additives are currently screened for carcinogenicity before use 
if they are synthetic compounds. AF-2 (HERP = 0.0002%), a [ ]  
food preservative, was banned in Japan (44). Saccharin | 
(HEILP = 0.06%) is currently used in the United States (the dose- 
response in rats, however, is clearly sublinear) (45). The possible 
hazard of diethvlstilbestrol residues in meat from treated farm �9 
animals seems miniscule relative to endogenous estrogenic hor- [] 
mones and plant estrogens (46). Some natural carcinogens are also 
widely used as additives, such as allyl isothiocyaa~ate (47), ~tragole , � 9  
(48), and alcohol (23). | 

AirpoUution. A person inhales about 20,000 liters of air in a day; .... 
thus, even modest contamination of the atmosphere can result in 
inhalation of appreciable doses of a pollutant. This can be seen ~i~ 
in the possible hazard in mobile homes from formaldehyde [] 
( H E R P -  2.1%) or in conventional homes from formaldehyde ~' 
(HERP = 0.6%) or benzene (HEtLP -- 0.004%; Table 1). Indoor I w  
air pollution is, in general, worse than outdoor air pollution, partly . ~  
because of  cigarette smoke. The most important indoor air pollutant ~W 
may be radon gas. Radon is a natural radioactive gas .that is present - -  
in the soil, gets trapped in houses, and gives rise to radioactive decay ~ I  
products that are known to be carcinogenic for humans (49). It has 
been estimated that in I million homes in the United States the level 
of exposure to products of radon decay may be higher than that 
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:~eived bytoday's uranium miners. TWO particularly contaminated 
i Ruses were found that had a risk estimated to be equivalent to 
receiving about 1200 chest x-rays a day (49). Approximately 10% of 

,'j: lung cancer in the United States has been tentatively attributed 
i radon pollution in houses (49). Many of these cancers might be 
~'eventable since the most hazardous houses can be identified and 
modified to minimize radon contamination. 

General outdoor air pollution appears to be a small risk relative to 
i ~ :  pollution inhaled by a smoker: one must breathe Los Angeles 
smog for a year to inhale the same amount of burnt material that a 

: iaoker  (two packs) inhales in a day (12), though air pollution is 
~ a l e d  starting from birth. It is difficult to determine cancer risk 
' l ~ m  outdoor air pollution since epidemiologists must ac .curately 
control for smoking and radon. 

' i8orae common drugs shown in Table 1 give faiHy high HERP 
' ~rcentages, primarily becausse the dose ingested is high. However, 

since most medicinal drugs are used for only short periods while the 
.~EtLP index is a dailydose rate for a lifetime, the possible h ~ r d  
~ u l d  usually be markedly less. We emphasize this in Table 1 bv 
.||acketing the numbers for these shorter exposures. Phenobarbital 
(HEILP -- 16%) was investigated thoroughly in humans who had 

' i k e n  it for decades, and there was no convincing evidence that it 
;ilused cancer (50). There is evidence of  increased renal cancer in 
' T~ng-term human ingestion ofphenacetin, an analgesic (51). Acet- 

aminophen, a metabolite of phenacetin, is one of the most widely 
Bed  over-the-counter pain killers. Clofibrate (HER/'-- 17%) i's 
IBed as a hypohpidemic agent and is thought to be carcinogenic in 
rodents because it induces hydrogen peroxide production through 
i roxisome proliferation (52). 

', iOwupational exposures can be remarkably high, particularly for 
:'~latile carcinogens, because about 10,000 liters of air are inhaled in 

working day. For formaldehyde, the exposure to an average 
, ~ r k e r  (HERP = 5.8%) is higher than most dietary intakes. For a 
i ~unher  of volatile industrial carcinogens, the ratio of the permitted 

dxposure limit [U.S. Occupational Safety and Health Administra- 
,: ~lon (OSHA)] in milligrams per kilogram to the TDs0 has been 
-ilculated; several are close to the TDs0 in rodents and about two- 
Birds have permitted HERP values >1% (53). The possible hazard 
estimated for" the actual exposure levels of the most heavily exposed 

!~DB workers is remarkably high, HERP = 140% (Table 1). 
i ~hough the dose may have been somewhat overestimated (54), it 
.~as still comparable to the dose causing cancer in half the rodents. 

An epidemiologic study of these heavily exposed EDB workers who 
: ~ha led  EDB for Over a decade did not show any increase in cancer, 
~ o u g h  because of the limited duration of exposure and the 

relatively small numbers of people monitored the study would not 
e detected a small effect (64, 55). OSHA still permits exposures 
ve the TDs0 level. California, however, lowered the permitted 
I over 100-fold in 1-981. In contrast with these heavy workplace 

exposures, the Environmental Protection Agency (EPA) has banned 
' I ~  i n use(HERP~176 0.0004%).fumigation because of  the residue levels found in 
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~,ncertainties in Relying on Animal Cancer 
"Tests for Human Prediction 

�9 iSpedes variation, Though we list a possible hazard ifa chemical is a 
~rc.inogen in a rat but not in a'mouse (or vice versa), this lack of 
"~'greement raises.the possibility that the risk to humans is nonexis- 
tent. Of 392 chemicals in out database tested in both rats and mice, 

t 6 were carcinogens in at least one test, but 96 of these were 
sitive in the mouse and negative in the rat or vice versa (56). This 

discordance occurs despite the fact that rats and mice are very closely 
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related and have short life-spans. Qualitative extrapolation of cancer 
risks from rats or mice to humans, a very dissimilar long-lived species, 
is unlikely to be as reliable. Conversely, important human carcinogens 
may not be detected in stafidard tests in rodents; this was true for a 
long time for both tobacco smoke and alcohol, the two largest 
identified causes of neoplastic death in the United States. 

For many of the chemicals considered rodent carcinogens, there 
may be negative as well as positive tests. It is difficult to deal with 
negative results satisfactorily for several reasons, including the fact 
that some chemicals are tested only once or twice, while others are 
tested many times. The HER/'  index ignores negative tests. Where 
there is species variation in potency, use of the more sensitive 
specie, as is generally done and as is done here, could introduce a 
tendency to overestimate possible hazards; however, for most 
chemicals that are positive in both species, the potency is similar in 
rats andmice (57). The HERr' may provide a rough correlate of 
human hazard from chemical exposure; however, for a given 
chemical, to the extent that the potency in humanS differs from the 
potency in rodents, the relative hazard would be different. 

Quantitative umerruinties. Quantitative extrapolation from ro- 
dents to humans, particularly at low doses, is guesswork that we 
have no way of validating (i, S, 10, 11, S8). It is guesswork because 
of lack of knowledge in at least six major areas: (i) the basic 
mechanisms of carcinogenicity; (ii) the relation of cancer, aging, and 
life-span (1, 10, 42, 59); (iii) the timing and order of the steps in the 
carcinogenic process that are being accelerated; (iv) species differ- 
ences in metabolism and pharmacokinetics; (v) species differences in 
anticarcinogens and other defenses (I, 60); ~md (vi) human hetero- 
geneity-,for example, pigmentation affects susceptibility to skin 
cancer from ultraviolet light. These sources of uncertainty are so 
numerous, and so substantial, that only empirical data will resolve 
theftS, and little of this is available. 

Uncertainties due to mechanism in multistage carcinogozesis. Several 
steps (stages) are involved in chemical carcinogenesis, and the dose- 
response Curve for a carcinogen might depend on the particular 
stage(s) it accelerates (58), with multiplicative effects if several Stages 
are affected. This multiplicative effect is consistent with the observa- 
tion in human cancer that synergistic effects are common. The three 
steps of carcinogenesis that have been analyzed in most detail are 
initiation (mutation), promotion, and progression, and we discuss 
these as an aid to understanding aspects of the dose-response relation. 

Mutation (or DNA damage) as one stage�9 of the carcinogenic 
process is. supported by various lines of  evidence: association of 
active forms of carcinogens with mutagens (61), the changes in 
DNA sequence of oncogenes (62), genetic predisposition to cancer 
in human diseases such as retinoblastoma (63) or DNA-repair 
deficiency diseases such as xeroderma pigmentosum (64). The idea 
that genotoxic carcinogens might show a linear dose-response might 
be plausible if only the mutation step of carcinogenesis was acceler- 
ated and if the induction of repair and defense enz~anes were not 
significant factors (65). 

Promotion, another step in carcinogenesis, appears to involve cell 
proliferation, or perhaps particular types of cell proliferation (66), 
and dose-response relations with apparent thresholds, as indicated 
by various lines of evidence: (i) The work ofTrosko et M. (67) on 
promotion of carcinogenesis due to interference with cell-cell com- 
munication, causing cell proliferation. (ii) R.ajewsk);s and other 
work indicating initiation by some carcinogenic agents appears to 
require proliferating target cells (68). (iii) The work of Farber et al. 
(69) on liver carcinogenesis supports the idea that cell proliferation 
(caused by partial hepatectomy or Cell killing) can be an important 
aspect of hepatocarcinogenesis. The), have also shos~aa for several- 
chemicals that hepatic cell killing shows a toxic threshold with dose. 
(iv) Work on carcinogenesis in the pancreas, bladder and stomach 
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(70), and other tissues (58) ~s also consistent with r~ults on the liver 
(71, 72.) though the effect of  cell proliferation might be different in 
tissues that normally proliferate. (v) The work ofMirsalis et al. (71) 
suggests that a variety of nongenotoxic agents are hepatocarcino- 
gens in the B6C3F 1 mouse (commonly used in cancer tests) because 
of their toxidty. Other studies on chloroform and trichloroethylene 
also support this interpretation (72, 73). Cell proliferation resulting 
from the cell killing in the mouse liver shows a threshold with dose 
(71). Also relevant is the extraordinarily high spontaneous rates of  
liver tumors (21% carcinomas, 10% adenornas) in the male B6C3F1 
mouse �9 These spontaneous tumors have a mutant ras oncogene, 
and thus the livers in these mice appear to be highly initiated 
(mutated) to start with (75). (vi) Oncogenes: As We inberg (62) has 
pointed out, "Oncogene-bearing cells surrounded by normal neigh- 
bors do not grow into a large mass if they carry only a single 
oncogene. But if the normal neighbors are removed. . ,  by killing 
them with a cytotoxic d r u g . . ,  then a single oncogene often 
suffices." (vii) Cell killing, as well as mutation, appears to be an 
important aspect o f  radiation carcinogenesis (76). 

Promotion has also been linked to the production of oxygen 
radicals, such as from phagocytic cells (77). Since chronic cell killing 
would usually involve inflammatory reactions caused by neutrophils, 
one would commonly expect chemicals tested at the maximally 
tolerated dose (MTD) to be promoters because of the chronic 
inflammation. 

Progression, another step in carcinogenesis, leading t O selection 
for invasiveness and metastases, is not well understood but can be 
accelerated by oxygen radicals (78.). 

Chronic cell toxicity ~nsed b y  dosing at the MTD in rodent 
cancer bioassays thus not only could cause inflammation and cell 
proliferation, but also should be somewhat mutagenic and dasto- 
genic to neighboring cells because of  the release of  oxygen radicals 
from phagoc3~osis (12, 79, 80). The respiratory burst from phago- 
cytic neutrophils releases the same oxidative mutagens produced by 
radiation (77, "79). Thus, animal cancer tests done at the MTD of a 
chemical might commonly stimulate all three steps in carcinogenesis 
and be positive because the chemical caused chronic cell killing and 
inflammation with some mutagenesis. Some of the considerable 
human evidence for chronic inflammation contributing to carcino- 
genesis and als0 some evidence for and against a general effect of 
inflammation and cytoroxicity in rodent carcinogenesis have been 
discussed (81). 

Another set of  observations may also bear on the question "of 
toxicity and extrapolation. Wilson, Crouch, and Zeise-(82) have 
pointed out that among carcinogens one can predi~ the potency in 
high-dose animal cancer experiments from the toxicity (the LDs0) of 
the chemical, though one cannot predict whether the substance is a 
carcinogen. We have shown that carcinogenic potency values are 
bounded by the MTD (57). The evidence from our database 
suggests that the relationship bet~veen TDs0 and MTD has a 
biological as well as a statistical basis (57). We postulate that a just 
sublethal level of  a carcinogen causes cell death, which allows 
neighboring cells t o  proliferate, and also causes oxygen radical 
production from phagocytosis and thus chronic inflammation, both 
important aspects of  the carcinogenic process ($7). The generality of 
this relationship and its basis needs further study. 

If most animal cancer tests clone at the MTD are partially 
measuring cell killing and consequent cell proliferation and phago- 
cytic oxygen radical damage as" steps in the carcinogenic process, one 
might predict that the dose-response curves would generally be 
nonlinear. For those experiments in our database for which life table 
�9 data (14)'were available, a detailed analysis (83) shows that the dose- 
response relationships are more often consistent with a quadratic (or 
cubic) model than with a linear model. 
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E x p e r i m e n t a l l y ,  it is very difficult to discriminate between "the 
var ious  extrapolatiori models at low doses ('/I, 58). However, 

e~idence to support the idea that a nonlinear dose-response relation- 
ship is the norm is accumulating for many nongenotoxic and some 

�9 genoroxic carcinogens. Dose-response curves for saccharin (45), 
butylated hydroxyanisole [BHA (84)], and a variety of other 
nongenotoxic carcinogens appear to be nonlinear (85). Formalde- 
hyde, a genotoxic carcinogen, also has a nonlinear dose response 
(28, 29). Tlae data for both bladder and liver tumors in the large- 
scale study on acetylaminofluorene, a genotoxic chemical, could fit a 
hockey stick-shaped curve, though a linear model, with a decreased 
effect at lower dose rates when the total dose is kept constant (86), 
has not been ruled out. 

Carcinogens effective at both mutating and killing cells (which 
includes most mutagens), could be "complete" carcinogens and 
therefore possibly more worrisome at doses far below the MTD 
than carcinogens acting .mainly by causing cell killing or prolifera- 
tion i/5). Thus, all carcinogens are not likely to be directly 
comparable, and a dose of  1/100 the TDs0 (HER.P = 1%) might be 
much more of a carcinogenic hazard for the genotoxic carcinogens 
dimethylnitrosamine or aflatoxin than for the apparently nongeno- 
toxic carcinogens tdchloroerhylene, PCBs, or alcohol (HER.P values 
marked with asterisks in Table 1). Short-term tests for mutagenicity 
(61, 87) can have a role to play, not only in understanding 
mechanisms, b u t  also in getting a more realistic, view of the 
background levels of  potential genotoxic carcinogens in the world. 
Knowledge of mechanism of action and comparative metabolism in 
rodents and humans might .help when estimating the relative 
importance of  various low-dose exposures. 

Human cancer, except in some occupational Or medicinal drug 
exposures, is not from hig h (just subtoxic~ exposures to a single 
chemical but is rather from several risk factors often combined with 
a lack of antirisk factors (60); for example, aflatoxin ( a potent mutagen ). 
combined with an agent causing cell proliferation, such as hepatitis B 
virus (19). High salt [a possible risk factor in stomach cancer (13)] and 
high fat [a possible risk factor in colon cancer (4)] both appear to be 
effective in causing cell killing and cell p~liferation. �9 

Risk from carcinogenesis is not linear with time. For example, 
among regular, cigarette smokers the excess annual lung Cancer 

�9 incidence is approximately proportional to the fourth power o f  the 
duration of smoking (88). Thus, ff human exposures in.Table 1 are 
much shorter than the lifetime exposure, the possible hazard may be 
markedly less than linearly proportional. 

A key question about animal cancer tests and regulatory policy is 
the percentage of  tested chemicals that will prove to be carcinogens 
(89). Among the 392 chemicals in our database that were tested in 
both rats and mice, 58% are positive in at least one species (14). For 
the 64 "natural" substances in the group, the proportion of positive 
results is similar (45%) to the proportion of positive results in the 
synthetic group (60%). One explanation offered for the high 
proportion of positive results is that more suspicious chemicals are 
being tested (for example, relatives of known carcinogens), but we 
do not know if the percentage of  positives would be low among less 
suspicious chemicals. If  toxicit-), is important in carcinogenicity, as 
we have argued, then at the MTD a high percentage of all chemicals 
might be classified as "carcinogens." 
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The object of this article is not to do risk assessment on naturally 
.occurring carcinoge.ns 'or to worry people.unduly about an occasion- I mml 
al raw mushroom or beer, but to put the possible hazard ofman-.  
made carcinogens in proper perspective and to point out that we. 
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i: d:: the knowledge to do low-dose "risk assessment." We also are 
/ ~ o s t  comple!tely ignorant of the carcinogenic potential of the 
i~rmous  background of natural chemicals in the world. For 
example, cholinesterase inhibitors are a common class of pesticides, 
~ l a  man-made and natural. Solanine and chaconine (the main 
i~aloids in potatoes) are cholinesterase inhibitors and were intro- 
"~Iced generally' into the human diet about 400 years ago with the 
dissemination of the potato from ~ e  Andes. They can be detected in 
~ blood of almost all people (12, 90). Total alkaloids are present at 
i ~ ' e l  of 15,000 v,g per 200-g potato with not a large safety factor 
"~tlbout sixfold) from the toxic level for humans (92). Neither 
;~,~loid has been tested for carcinogenicity. By contrast, malathion, 
i~;. main synthetic organophosphate chotinesterase inhibitor in our 
~ t ( 1 7  v.g/day) (16), is not a carcinogen in rodents. 

The idea that nature is benign and that evolution has allowed us 
,m  cope perfectly with the to.xic chemicals in the natural world is not 
,Impelling for several reasons: (i) there is no reason to think that 
~',~tural selection should eliminate the hazard.0f cardnogenicity of a 
t~lant toxin that causes cancer in old age past the reproductive age, 

, ~ o u g h  there could be selection for resistance to the acute effects of 
' / I I r t"  " �9 ~cular carcinogens. For example, aflatoxm, a mold toxin that 

presumably arose early in evolution, causes cancer in trout, rats, 
. m3ice, and monkeys, and probably people, though the species are not 
~lually sensitiv.e. Many of the common metal salts are carcinogens 
'qluch as lead, cadmium, beryllium, nickel, chromium, selenium, and 

arsenic) despite their presence during all of evolution. (ii) Given the 
;~ormous  variety of plant toxins, most of our defenses may be 
' ~ne ra l  defenses against acute effects, such as shedding the surface 
~T'ning of cells of our digestive and respiratory systems every day; 

. .nrotecting these surfaces with a mucin layer; having detoxifying 
! ~ z v m e s  that are often inducible, such a.5 cytochrome P-450, 
:~n'jugating enzymes, and glutathione transferases; and having 

DNA repair enzymes, which would be useful against a wide variety 
~f~fingested toxic chemicals, both natural and synthetic. Some human 
i~ancer may be caused by interfering with these normal protective 
' ~vstems. (iii) The human diet has changed drastically in the last few 

tiaousand years, and most of us are eating plants (such as coffee, 
it~otatoes , tomatoes, and kiwi fruit) that our ancestors did not. (iv) 
: ~ o r m a l  metabolism produces radiofifimetic mutagens and-carcino- 

gem, such as hydrogen-peroxide and 0ther'reactive forms of oxygen. 

~ ough we have defenses against these agents, they still may be 
ajor contributors to aging and Cancer. A wide variety of external 
ents may disturb this balance between damage and defense (12, 

42). 

Implications for Decision-Making 
�9 i '  For all of these considerations, our scale is not a scale of risks to 
i ~ u m a n s  but is only a way of setting priorities for concern, Which 

should also take into account the numbers of people exposed. It 
nshould be emphasized .that it is a linear scale and .thus may 

i  ver  ate low potential h rds as we argue abo  ,linea ty is 
mhot the normal case, or if nongenotoxic carcinogens are not ot very 

much concern ag doses much below the toxic �9 
I t  Thus, k is not scientifically credible to use the results from rodent 

ests done at the MTD to directly estimate human risks'at low doses. 
For example, an EPA "risk assessment" (92) based on a succession of 

�9 mworst case.assumptions (seyeral of which are unique to EDB) 
~tconcluded that EDB residues .in grain (HER/' = 0.0004%) could 

n c a u s e  3 cases of cancer.in 1000 people (about 1% of all U.S. cancer). 
A consequence was the .banning of the main fumigant in the 

I country. It would be more reasonable to compare the possible 
hazard of EDB residues 'to that of other common possible hazards. 
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For example, the aflatoxin in/the, average peanut butter sandwich, or 
a raw mushroom, are 75 and 200 times, respectively, the possible 
hazard of EDB. Before banning EDB, a useful substance with rather 
low residue levels, it might be reasonable to consider whether the 
hazards of the alternatives, such as- food irradiation, or the conse- 
quences o'f banning, such as increased mold contamination of grain, 
pose less risk to society. Also, there is a disparity bet~veen OSHA 
not regulating worker exposures at a HER/' of 140%, while the 
EPA bans the substance at a HEILP of 0.0004%. In addition, the 
FDA allows a possible hazard up to a HEtLP of 0.3% for peanut 
butter (20 ppb), and there is no warning about buying comfrey pills. 

Because of the large background of low:level carcinogenic and 
�9 other (93) hazards, and the high costs of regulation, priority setting 

is a critical-first Step. It is important not todivert societ3~s attention 
away from the few really ~,erious hazards, such as tobacco or 
saturated fat (for heart disease), by the pursuit of hundreds of minor 
or nonexistent hazards. Our knowledge is also more certain about 
the enormous toll of tobacco--about 350,000 deaths per year (I, 2). 

There are many trade-offs to be made in all technologies. Trichlo- 
roethylene and tetrachlOroethylene (perchloroethylene) replaced 
hazardous flammable solvents. Modem synthetic pesticides dis- 
placedlead arsenate, which was a major pesticide before the modern 
chemical era. Lead and arsenic 'are both natural carcinogens. There is 
also a choice to be made between using synthetic pesticides and 
raising the level of plants' natural toxins by breeding. It is not clear 
that the latter approach, even where feasible, is preferable. For 
example, plant breeders produced an insect-resistant potato, which 
has to be withdrawn from the market because of its acute toxicity to 
humans due to a high level of the natural planttoxins solanine and 
chaconine (12). 

This analysis on the levels of synthetic pollutants in drinking 
water and of synthetic pesticide residues in foods suggests that this 
pollution is likely to be a minimal carcinogenic hazard relative to the 
background of natural carcinogens. This result is consistent with the 
epidemiologic evidence (i). Obviously prudence is desirable with 
regard t o pollution, but we do need to work out some balance 
between chemophobia with its high costs to the national wealth, 
and sensible management.of industrial chemicals (94). 

Human life expectancy continues t~o lengthen in industrial coun- 
tries, and the longest life expectancy in the world is in Japan, an 
extremely crowded and industrialized country. U.S. cancer death 
rates, except for lung cancer due to tobacco and melanoma'dale to 
ultraviolet light, .are not on the whole increasing and have mosflv 
beensteady for S0 years. New progress in cancer research, molecular 
biology, epidemiology, and biochemical epidemiol0gy (95) will 
probably continue to increase the understanding necessar3, for 
lengthening life-span and decreasing cancer death rates. 
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E x p r e s s i o n  o f  R i s k s  

Just as a comparison of risks is an aid in understanding them, so is Measure Aflatoxin B1 
a careful selection of the methods of expression. It is hard to 
comprehend the statistical (stochastic) nature of risk. There are ways Acute toxicity H~%% Carcinogenic potency to people 
to.mitigate this difficulty in comprehension. We ~ almost all me, d . [(kg. day)/mg] -5000 
to one such statistical concep t ,  the expectauon of life. When we ~ Car~nogenic potency to rats 
about the expectation of life being 79 years (for a nonsmonng mine [(kg. day)ling] Yes 
in the United States) we all know that some die young and that Mutagenic ' 
many live to be over 80. Thus the expression of  a risk as the ~rtainty of'.mf.ormation on human High 

earcinogemcaty . 
reduction of life expectancy caused by the .risky acti'.on conveys ~ m c .  ActivL ~ initiator or promoter) Initiator 
ofxhe statistical concept essential to its understanmng, une  parncu- Possibility of threshold dose response Low 

Source " Natural 
lar calculation of this type can be used as an anchor for many people,. Little known 
because it is easy to remember. The reduction of  life expectancy by Common knowledge 
smoking dgarettes can be calculated from the risk, one in 2 million, FDA action level in peanuts (ppb) 20 CDC lex'el of concern in soil (ppb) 
of smoking one cigarette, multiplied by the difference of the average . 
life-span of a nonsmoker and a lung cancer victim. This turns out to 
be 5 minutes, or the time it takes to smoke the one cigarette. 

I t  is important to realize that risks appear to be very different 
�9 when expressed in different ways (19). One example of this can be 
seen if we consider the cancer risk to those persons exposed to 
radionudides after the Chemobyl disaster. According to the Soviets 
(20), the 24,000 persons between 3 and 15 kilometers from .the 
plant, but excluding the town of Pripyat, received and are expected 
to receive 1.'05 million man-rerris total integrated dose, or about 44 

' . o , 
. Table 3. Comparison of two ;~.ry toxic chermcals, aflatoxin BI (22) and 

dioxin (23); CDC, Centers tot utsease ~.ontrot. 
Dioxin 

F, qual 
Unknown 

-5000 

No 
Low 

Promoter (?) 

~'hcial 
A g e n t  O r a n g e  

Ji 
1 
! 

I ,  

! on waste disposal. Economists and others often argue that efficiency 
depends on adjusting society until the amounts spent to save lives in 
different situations are equalized. It seems to us that society does not i 
work that way. People are aware of the order of magnitude of these 
differences, and approve of them. Nonetheless, we believe that , f  
providing this information to a decision-maker is essential for an 

informed decision. - I 

reins average. Even if we ass.ume a linear dose-response relation, 
with 8000 man-rems per cancer, the risk may be expressed in" 
different ways. Dividing 1.05 million man-terns by 8000 gives 131 
cancers expected in the lifetimes of that population. This is larger 
than, and for some people more alarming than, the 31 people within 
the power plant itself who died within 60 days of  acute radiation 
sickness combined with bums. Dividing the lS l  again by the 
approximately 5000 cancer deaths expected from other causes, the 
accident caused "only" a 2.6% increase in cancer. This seerm small 
compared to the 30% of cancers attributable to cigarette smoking. 
The difference is e~en more striking if we consider the 75 million 
people in Byelorussia and the Ukraine who received, and-will 
receive, 29 million man-reins over their lifetimes. On the linear dose- 
response relation this leads to 3500 ~excra cancers," surely a large 
number for one accident. But dividing by the 15 million cancers 
expected in this popnlation leads to'an "insignificant" increase of 
0.0047%. Of course, none of the methods of expressing the risk can 
be considered "right" in an absolute sense. Indee-d, it is our belief 
that a full understanding of the risk involves expressing it in as many 

different ways as possible. 

C o s t  o f  R e d u c i n g  a R i s k  
Another interesting and instructive way of  comparing risks is by 

comparing the amount people have paid in the past to reduce them. 
It might bc thought that people would try to adjust their activities 
until the amount spent is roughly the same. Cohen (21) has shown 
that the amounts spent vary by a factor of more than a million. He 
shows that it would be possible even for an American to save lives in 
Indonesia by aiding in immunization at $100 per life saved. Society 
is willing to spcnd more on environmental protection to prevent 
cancer (over $1 million per life) than on cures (about $50,000 per 
life with the high value of $200,000 for kidnc3' dialysis raising �9 
objections). This ratio is in rough accord with the maxim "an ounce 
of protection is better than a pound of  cm'e." People are willing to 
spend still more on radiation protection at nuclear power plants and 
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This document is one of two prepared to make available the results of the 
police t ra f f ic  radar testing program conducted by the International Associ- 
ation of Chiefs of Police. Twenty,four radar devices were tested for con- 
formance to the minimum requirements of the Model Performance Specifications 
for Police Traffic Radar Devices published by the National Highway Traffic 
Safety Administration. Titles of the reports and identification of the con- 
tents of each are as follows: 

| 
| 

! 

Vol. I : Testing of Police Traffic Radar Devices to the Model �9 
Performance Specifications for Police Traffic Radar Devices 
Volume I: Test Program Summary 

This volume provides an overview of the police t ra f f i c  radar 
testing program. Requirements of the model specifications 
are discussed along with comments on the test results. A 
Consumer Products List (CPL) of radar dev.ices found to be in 
ful l  compliance with the model performance requirements is 
provided. 

Vol. I I  : Testing of Police Traffic Radar Devices to the Model 
Performance Specifications for Police Traffic Radar Devices 
Volume ! I :  Test Data 

Volume i l  contains a report of the test data for each of the 
24 radar devices tested. Each report of the test data follows 
the same format and-numbering as the model performance speci- 
fications. This volume wil l  be of more interest to the 
technically-oriented reader. 
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EXECUTIVE SUMMARY 

Twenty-four models of police t ra f f ic  radar devices were tested for performance 
characteristics and compliance to the Model Performance Specifications for 
Police Traffic Radar Devices developed for the National Highway Traffic Safety 
Administration (NHTSA) by the Law Enforcement Standards Laboratory (LESL) of 
the National Bureau of Standards (NBS). The specifications were adopted by 
the International Association of Chiefs of Police (IACP), and the testing pro- 
gram was conducted by them in accordance with a cooperative agreement with 
NBS/LESL. Testingwas accomplished by two independent testing laboratories 
during the period June 1983 to January 1984. 

The radar devices were subjected to examination, including documents and 
accessories, laboratory evaluation and operational testing. During the  
period of testing, the equipment manufacturers were afforded the Opportunity 
to make minor modificationsto their products to achieve compliance with 
the model specification requirements. The development of the performance 
specifications and testing, of radar devices to the  requirements o f  the model 
s.pecification have led to definitiVe improvements in radar devices that w.ill 
be available in the future, and to the l i s t ing  of 24 models on the IACP.Con- 
sumer Products.List (CPL). See Appendix A for a copy of the CPL. 

I t  is recommended by the IACP that every agency procuring radar units require 
the successful bidder to cert i fy  that the radar dev.ices are included on the 
IACP CPL and meet the NHTSA/IACP Model Performance Specifications for Police 
Traffic Radar Devices. This dual cer t i f i ca t ion  is important because some 
manufacturers have indicated that model numbers on both conforming and non- 
conforming units may be identical. 
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INTRODUCTION 

- For more than 30 years, police t r a f f i c  radar has been used beneficiallj? in 
the enforcement of speed laws and development of radar evidence to support 
'speeding .violations. Over this span of time, new technologies led to the 
development of radar devices more mobile and eff ic ient in t ra f f i c  law en- 
forcement. Radar devices became smaller, more portable and capable of moni- 
toring vehicle speeds in the .moving mode.. Many were equipped with special 
automated features intended to improve radar operator efficiency. 

Along w.ith the technological innovations came a growing concern of the public, 
and also the courts, about the r e l i a b i l i t y  of vehicle speed data obtained 
from some of the more technically-sophisticated speed measuring radar devices. 
This concern was particularly strong regarding radar operators who may not have 
received adequate training in the use of some newer model radar devices and in 
the recognition and avoidance of electronic anomalies associated with them. 
This~ developing dilemma in radar usage was not helped by. the fact. that, at that 
time, a nationally-recognized equipment performance standard for radar devices 
.did not exist, nor was there a generally accepted comprehensive program of 
operator training. 

I t  was against this background that the International Association of Chiefs 
of Police (IACP) passed a resolution in 1976 call ing for federal government 
concern and involvement in the development .of health, safety and performance 
standards for speed measuring devices, the testing of the .devices and �9 " 
cation of the results. 

In August 1977, the National Highway Traffic Safety Administration (NHTSA), 
entered into an interagency agreement with the Law Enforcement Standards 
Laboratory (LESL) of the National Bureau of Standards (NBS) to perform a 
series of tasks relating to speed measuring devices, including the develop- 
ment of a performance standard for police speed measuring radar devices.. In 
separate actions, NHTSA addressed the matters of police radar device operator 
training and the possible health hazards associated with radar use. (See the 
Bibliography for l ist ings.) The draft performance standard for police speed 
measuring radar devices, developed by LESL, appeared in the Federal Register 
.(23 CFR 1221) on January 8, .1981, as a proposed rule making Following an 
extensive review and comment period, the NHTSA Published the revised perform- 
anc~ standard as Model Performance Specifications fo r  Police Traffic Radar 
Devices (DOT-HS-806-191). Subsequently, based on the recommendationof the 
IACP Technology Assessment Program Advisory Council, the IACP adopted these 
specifications as an IACP specification for police radar devices. 

Publication of the model performance specifications prompted an IACP proposal 
to test police speed measuring radar devices to determine compliance with the 
model sp.ecifications and to prepare a Consumer Products List (CPL) in the 
same manner that x)ther types .of police equipment were being tested by the. 
IACP as part of the National Institute of Justice (NIJ) Technology Assessment 
Program. After review and agreement by NHTSA, the unsolicited IACP proposal was 
accepted and, in October 1982, the IACP entered into a Cooperative agreement with 
NBS/LESL to accomplish the testing of radardevices and publish the test results. 

. �9 



During the time following issuance of the proposed rule making, up to and 
including the period of radar testing, manufacturers of radar devices made 
several modifications to their products directed toward achieving compli- 
ance with the model performance specifications. 

All known "manufacturers and distrfbutors ofspeed measuring radar devices 
were given an .opportunity to submit devices for inclusion in this test pro- 
gram. However, only five of the seven who were contacted sent in radar devices 
to be evaluated. See Appendix B fo ra  l i s t  of manufacturers. 

Lhis report summarizes the results of the testing program in which 24 radar 
devices met the requirements in fu l l  for l is t ing on the IACP Consumer Products 
List. 
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THE MODEL PERFORMANCE SPECIFICATIONS 
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The Model Performance Specifications for Police l~raffic Radar Devices (model 
performance specifications) used for this radar equipment testing program 
were developed by the Law Enforcement Standards Laboratory (LESL) of the 
National Bureau of Standards (NBS) under an interagency agreement with the 
National Highway Traffic Safety-Administration (NHTSA). A brief review of 
the development of, and contents of, the performance specifications wi l l  . 
improve the. reader' s .understanding of the scope of this program and help 
each to appreciate the results achieved in radar., development and refinement 
over the past several years. 

Development of the model performance Specifications beganwith research by 
LESL in a number of scientif ic areas including the compilation of the per- 
formance parameters of the then currently-used pol ice speed measuring devices; 
a cataloging of technical data and useful, desirable and undesirable features 
of each; an analysis of the f ield operational characteristics associated with 
the various types of speed measuring devices; an analysis of the anomalies 
due to the electromagnetic environment that had the potential to cause operator 
er.ror in making speed readings; the development of performance characteristics 
for the radar devices consistent with the technology available; and f i n a l l y  
the development of procedures by which radar device performance could be 
tested for conformance to the performance sPecifications. 

Prior to being forwarded to NHTSA, the in i t i a l  draft performance standard for 
radar devices was circulated for comment by NBS. Thir ty-f ive comments were 
received from 16 law enforcement agencies, five manufacturers, four universi- 
t ies, four individuals, four d is t r ic t  attorneys or judges, one research 
inst i tute and the Federal Communications Commission. 
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After appropriate changes were made to the standard, i t  was forwarded to NHTSA 
�9 and published in the Federal Register (23 CFR 1221) for'review and comment as 
a proposed rule making. At this-time', commen.t~-were received from six ind iv i -  
duals, nine law enforcement departments, three radar manufacturers and one 
university. Following this review and comment period, the revised standard 
was published, with a comprehensive discussion of the rat ionaleforthe revi- 
sion, by NHTSA as model performance specifications for police t ra f f i c  radar. 

The performance requirements and test procedures of the ~model specifications 
are too lengthy.for ful l  comment here. Those readers desiring additional de- 
ta i ls  should obtain a copy of the model specifications from the issuing agency 
(see bibliography)'. However, the comprehensive nature of the performance 
characteristics and the testing prescribedwill be evident from the following 
outline of the general topics addressed by the model specif ications. 

1. Phj, sical Examination and Inspection 

Manufacturer-Provided InformatiOn 
Tuning.Fork Certificate 
Tuning Fork Markings 
Radar Device Labeling 
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. .  Laboratory Tests 
| 

Tuning Fork Calibration 
Radar Device Tuning Fork Tests 
MicrowaveTransmission 

Frequency Stabi l i ty  
Input Current Stabi l i ty 
Output Power Stabi l i ty �9 
Beam Width . 

Power Densi i:y 

Environmental Tests 

.Low Temperature (=220F) 
High Temperature (+1400F) 
High Humidity (90% at 99OF) 
Vibration 

| 
! 

! 
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"'3. 

Function Tests 

Low Voltage A1 ert 
Doppler Audio 
Speed Monitor Alert 
Power Surge . 

Speed Display and Signal Processing Channel 

Character Height and Contrast 
Speed Lock and Display Clear Functions 
Internal Test. 
Signal Processing Channel Sensitivity 
Low and High Speed Displays�9 

El ectroma gneti c Interference Suscepti bi I i ty 

Vehicl e Alternator 
Heater/Air Conditioner Motor 
Windshield Wiper Motor 
Police FM Transceiver 
Citizens Band Transceiver 

L .  

Operational Tests 

Elect~omagnetic Interference Susceptibility 

Police FM Transceiver �9 
Citizens Band Transceiver 

Speed Accuracy Tests 
i 

Conducted over a measured course at speeds of 20, 50. and 70�9 in 
stationary and moving modes, as applicable. 

More details of the performance requirements and the test procedures appear in  
the summary of the test results. 
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THE TESTING LABORATORIES 

b 

C'onsistent with the procedures presently used by the International Association 
of Chiefs of Police (IACP) for the National Institute of Justice (NIJ} Equipment 
Testing Program, the IACP issued a request for proposal f o r  testing radar devices 
in accordance with procedures incorporated in'the Model Performance Specifica- 
tions for Police Traffic Radar Devices. Requests for testing program documents 
were received from over 50 independent testing~organizations. Of the labora-~ 
tories "submitting proposals, the two selected .to perform the testing were: 
Dayton T. Brown, Inc., Bohemia, Long Island,�9 York ~, and Department of 
Electrical Engineering and Systems Science, Michigan State University, East 
Lansing,-Michigan. Selections were made on-the basis of cost and assessment 
of- the. laboratory's fac i l i t i es ,  equipment, personnel �9 -and overall competency. 
to conduc-t the tests in accordance with th~ specif ied procedures. 

Each selected laboratory was i n i t i a l l y  supplied with one radar device for pre- 
liminary testing. Duringthis phase of the testing, technically qualif ied per- 

sonnel from the National Bureau of Standards, National Highway Traffic Safety 
Administration and the IACP visited each laboratory to ensure that the testing 
equipment was proper and that qualified personnel were conducting selected 
tests in the proper manner. 

The testing laboratories �9 were given the main quantity oi ~ radar devices during 
June and July 1983, and in i t ia l  testing of them. was completed by October 1, 
1983. Additional visi ts were made to the laboratories during this testing 
period to review test results, follow progress of the testing, and to r.esolve 
any questions that may have arisen during the testing act ivft ies. 

Based on the in i t i a l  test results, the radar manufacturers were afforded the 
opportunity to correct any deficiencies in their radar units before the f inal 
testing phase. Final laboratory test reports were submitted to the IACP in 
January 1984. During subsequent .analysis of the test data and the prepara- -- 
tion of this report, i t  was necessary to ver i fy Certain test results from 
raw data, and to conduct .tests in those few instances in which the test results 
were not complete. ~ ...... 
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SUMMARY OF TEST RESULTS 

'As noted earl ier,  the testing was accomplished in two phases. Upon completion 
of the i n i t i a l  testing, representatives of the IACP, NBS, and NHTSA reviewed 
the laboratory test results in detail. Many of the individual radar devices 
failed to comply with the model specification because the required manufacturer 
information was not provided with the unit. For example, some devices lacked 
operating or instal lat ion instructions while, for others, the required tuning 
fork cert i f icate was either incomplete or not provided. In  addition, there 
are a number of instances in .the model specifications where the speed measuring 
radar device is tested to the manufacturer's specification for a given parameter 
i f  the manufacturer claims a greater capability than that required by the model 
specification. For example, the model specification places a l im i t  on signal 
processing sensit iv i ty variation for targets traveling at speeds of 20 to 90 mph. 
In a number of cases, although a radar unit met this requirement of the model 
specifications, the manufacturer data sheet-claimed an operating capabil ity 
below 20 mph and the unit, when tested at the lower speed, did not meet the 
~ e ~ s ~ ~ s  i t i  vi ty requi rement. 

/ Similarly, .there were ~ r  of radar units that did not comply with the di"s- 
', play label l ing requirements of the model specification. Very few of the radar 

units provided by the manufacturers were in fu l l  compliance with the labeling 
~-~a.nd the manufacturer-provided information requirements o f  the model specification 

a t ~ ~ e s t i n g .  However,. i t  was clear from earl ier discussions 
with the manufac urers, - i - esting, that the manufacturers were - 
w i l l ing  to correct differences in the information pr)-v-i-dL:d-wi~Jrr-t-he--u~rft~, ~ 
specifications, and labeling to fu l l y  comply with the requirements of the model 
specification. 

There were some areas of noncompliance with the requirements of the model 
specification that required minor modifications to the individual radar .unit to 
achieve fu l l  compliance. Other than labeling and instructions, the most common 
deficiency was the failure to meet the signal processing channel sens i t i v i t y  
requirement. This deficiency was corrected, in most cases, by a change in the 
values of the f i l t e r  components used to control this sensit iv i ty.  The second 
most common deficiency was in the display readability capabil i ty of the uni ts ,  
i .e . ,  character height and luminance contrast had to be improved. The design 
of the radar units is such that.either individual components or the display 
module i t se l f  can be easily replaced in order to comply with the readabil i ty 
requirements of the model specifications. 

Other areas of noncompliance included such items as frequency s tab i l i ty  under 
conditions of high and low temperature or high humidity. In examining all of 
the i n i t i a l  tests results, i t  was apparent that the manufacturers could 
easi ly  make minor modifications to their products at a minimal expense to 
achieve ful l  compliance with the requirements of the model specification. 

The IACP was of the opinion that the law enforcement community would benefit 
from the wide ava i lab i l i ty  of speed measuring radar devices that were in fu l l  
compliance with the requirements of the model specification, and recommended 
that all "of the manufacturers be given .the opportu'nity to make those modifica- 
tions to their products that were necessary to achieve fu l l  compliance. The 
NHTSA accepted this recommendation, which was also acceptable to NBS. 

9 



The IACP.provided each manufacturer with�9 results, of the in i t i a l  tests con- mm 
ducted on their �9 products only, and notified themanufacturersthat they �9 : |  
have the opportunity to correct their �9 l i terature and to make minor �9 
modifications to the individual speed measuring devices to achieve compliance 
with the model specifications. The conditions of this offer included: I) 
any requi.red modification was to be made to the same unit that.had been tested mm~. 
during i n i t i a l  testing, 2) the modification was to be made at the test f ac i l i t y  
in the presence of testing laboratory personnel, 3) the NBS technical staff  was �9 
to be provided copies of any c i rcu i t  modifications so .that NBS could advise U~�9 
�9 IACP as to what additional testing would be required based on the modifications 
that were made, and 4) i t  would be the manufacturer'S responsibil i ty to pay for 
any required testing following modification. . 

All five manufacturers accepted the o f fer .  The modifications were made, and 
the laboratories provided final phase test results to the IACP. During the 
course of the testing and subsequent data review by IACP and NBS, a l l  of  the 
deficiencies were corrected to bring the radar devices into ful l  compliance 
with the model specifications. The radar devices involved in this test program 
are identif ied in Table I (see p. 20). 

,! 

The deficiencies noted among the radar units as the testing progressed are sum- 
marized in the discussion that follows and in Table 2 at the end of this section. 
This discussion is done in�9 topical ma.nner rather than by ~nd.ividual radar 
units, as is done in.the table and in Volume II of �9 this report; which presents 
complete test data. 

| 

PHYSICAL EXAMINATION AND INSPECTION 

Manufacturer,Provided Equipment 

Each radar device is required to be accompanied by one or more tuning forks, 
as applicable, for routine use in checking the operational ,condition of the 
radar on a day.-to-day basis. The tuning fork supplied with one radar unit 
was of an incorrect frequency for the radar device. 

Manufacturer-Provided Information 

In this area, many radar devices failed to conform to the requirements �9 of the 
model specifications. �9 information required is l is ted, followed by the 
number of radar  units lacking the required data. 

Instal lat ion Instructions 

Precautions to Avoid Interference from: 
Vehicle Ignition 
Heater A/C Defroster Blowers 

Operat(ng Instructions, including: 
Test Procedures 
Internal Test Circuit Data 

Required Maintenance 

19 
14 

5 
3 

16 
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Characteristics Indicative of ' 
Radar Mal functioning 

Power Supply Data 

Microwave Frequency Band of-Operation 

Nominal Microwave Output Power 

Operational Voltage L i m i t s .  

Maximum Microwave Power Density 

Antenna Horizontal Beam Width 

Antenna Polarization 

Operating Speeds of the Radar 

Designed Operational�9 TemPerature. 
and Humidity Extremes 

.Tunin 9 Fork Calibration Certif icate 

Each tuning fork shall �9 a calibration 
cer t i f icate that includes the tuning fork 
serial number, nominal speed, frequency, 
frequency band (X or K) and temperature 
correction factor. 

Cert i f icate was supplied but contained 
incomplete information �9 

No cert i f icate was provided 

Labeling Requirements 

Tuning Fork Permanent Markings of Serial �9 
Frequency and X- or K- Band 

Radar Device Control "Functions 

A radar device may have approximately 
20 or more switches, controls, and 
functfons�9 depending upon the part icular 
type unit. Labeling was �9 satis- 
factory. The low voltage indicator and speed 
lock were most lacking in marking, with 4 
deficiencies each. 
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LABORATORY TESTS 

.Each test is described, and the number of radar devices in noncompliance is 
given.. 

Tuning Fork Calibration 12 

This test requi.res measurement of the frequency of the tuning fork to ensure 
that i t  is within • �89 of the frequency specified in the certif icate of cali- 
bration. This could not be accomplished inthe case of 12 radar units as no 
calibration certif icate was supplied by the manufacturer. 

Radar Device Tuning Fork Tests 4 

In these tests the tuning fork(s) supplied with a radar unit are Used to 
generate a pseudo-doppler signal to check the.operational condition of the 
radar u n i t  I f  the radar is functioning properly, the speed for which the 
tuning fork is calibrated should appear in the speed display with a tolerance 
of • I mph. With moving radar-devices; both target and patrol vehicle dis- 
plaYs must show the correct Speed readings. The tuning fork tests are oon- " 
ducted under standard test conditions, at specified low and high temperatures, 
under high humidity conditions and during vibration. Al l radar devices were 
in compliance at ambient temperature. However, 4 devices failed to comply 
during environmental tests. Three radar units did not function properly at 
low temperature. ~One of the three, also did not function properly under the 
high temperature test conditions, and another one of thethree failed during 
the high humidity test. The speed display on one additional unit showed erron- 
eous readings during the vibration testing. 

Microwave Transmission 

The.microwave transmission tests check the stabi.lity of Operation of the radar 
device under conditions that could be. encountered in the operational environ- 
ment. These tests were-repeated a number of times to record performance data 
under standard test conditions (68-800F), under conditions of low temperature 
(-22~ high temperature (+1400F) and high humidii~y (90%) with temperature at 
least 990F. All tests were repeated atthree veltage levels: nominal voltage 
(13.6V), nominal voltage plus 20% (16.3V), and at minus 20% (10.8V) or a 
lower voltage that a manufacturer may have specified. The following character- 
istics were tested as specified above: 

(a) Frequency Stabil i ty 

Five of the radar devices did not.maintain frequency s tab i l i ty  within 
the allowable t~lerance during these tests. One failed at all condi- 
tions, while three others failed the low temperature test. A f i f th  
dev}ce failed during the high humidity test. X-Band radars must operate 
between 10,500 and 10,550 MHz, and.K-Band radars must transmit between 
24,050 and 24,250 MHz. 
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(b) Input Current Stabil ity 8 

Three of the same radar units that did not meet the frequency s tab i l i t y  
requirement also did not meet the input current s tab i l i ty  requirement 
of less than a 10% variation and no change in numerical display under 
one or more of the test conditions, two at low temperature and one at 
high. temperature. Three additional units were unstable during the low 
temperature tests, while a total of four failed at high temperature s. 
The same three plus one other device failed the high�9 test. 

(c) ~ Radiated Output Power Stabi l i ty 4 

Four radar units .did not maintain the radiated power output wi th in the 
plus or minus 1.5 dB from nominal, as required. Two did not comply at 

low temperature conditions and one failed the high temperature test. 
That one, plus one other radar device, did not function properly under 
high humidity conditions.' 

(d) Antenna Horizontal Beam Width 4 

The maximum horizontal beam width allowed by the model �9 specifications 
is 18 degrees for X-Band radar and 15 degrees for K-Band. The permis- 
sible bandwidth was initiallyexceeded by three X-Band andone K-Band 
radar devices. 

(e) Antenna Near-Field Power Density 4 

The requirement for this test is that the measured power density may 
Four radars did not not exceed that specified by the manufacturer. 

meet this requirement. 

Low Voltage Supply 12- 
. . 

Each radar device is required to Operate to a specific low voltage point and 
to have a low voltage indicator capable of being heard or seen by the �9 operator. 
The required low Voltage operating point is 10.8V or the lowest voltage speci- 
fied by the manufacturer. At the specified low voltage the speed display must 
showeither no reading or no erroneous reading. Seven radar units did not 
meet the performance requirement. Five met the requirement of the model speci- 
fications, but not the lower voltage specified by the manufacturer. 

Doppler Audio 

(a) Audio Output and Volume Control 3 

The radar device is required to emit a doPpler audio tone that corre- 
lates with the received doppler, signal and to have an audio volume 
control. The doppler audio tone is beneficial to the radar operator 
as an aid in correlating visual observation of a target vehicle with 
the radar speed display, and in alerting the operator to the presence 
of interference that may affect his or her ab i l i t y  to operate that 
radar device. Three radar units were not in compliance.. 

13 



(b.) Audio Squelch and Squelch Override . | 
The audio tone must be squelched in the absence of a target signal. 

The radar device must also permitthe operator to inhibit the squelch 
action while, keeping the receiver open. Two exceptions to this re- 
quirement werenoted. 

(c) Audio Track-Through-Lock 

| 

m 
For radar devices with a track-through-lock feature, the.doppler audio 
must continue after the speed-lock .switch is activated-One radar 
unit did not meet this specification when in i t i a l l y  tested. 

Speed Monitor Alert .... 0 

This capability, which alerts the operator when a target speed signal is re- 
ce.ived that is equal to or above some preselected threshold speed, is not 
permitted by the model specifications. All radar devices were in compl-Tance 
at the time of in i t ia l  testing. 

! 

m 
PowerSurge Test 0 

This test is conducted to verify that switching the radar device from/the 
standby tO on mode will cause no erroneous speed reading with a target present. 
All radar devices were in complianceat the time of in i t ia l  testing. 

Speed Display 

Under this caption is a lengthy series of tests designed to measure the perfor- 
mance characteristics of the radar device signal processing channel, the speed 
display(s) and associated functions. ' ~ 

(a) Display Readability 14 

The illuminated segments used to indicate speed readings are required 
to have a minimUm height of 0.4 inch and a daylight luminance contrast 

.of  not less than 2.5 for ease of operator reading. Three radar devices 
met neither requirement, while six otherradars did not meet the dis- 
play height requirementand five others did not meet the luminance con- 
trast requirement. 

(b) .Display Speed Lock ,0 

A speed lock, i f  provided, must be manually operated, must preserve 
the displayed reading(s)and must not recall any previous reading 
when the speed-lock switch is activated. I t  should be noted that the 
elimination of the automatic self-locking capability represents one 
of the most significant features of the model specifications, since by 
using a radar device ~without this feature., a skilled and knowledgeable 
operator can develop a vehicle's tracking history and thereby .avoid 

�9 vir tual ly all of the alleged anomalous readings ascribed to radar ' 
operation. No exceptions to this requirement Were noted. 
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(c) Display Clear 0 

I t  is required that the Selection of a different mode of operation of 
.~ the radar device shall automatically clear the radar device of all 

�9 :- .d,isplayed readings whether.or not the speed-lock switch is activated. 
There wer.e no exceptions. 

(d) Internal Circuit Test 4 

The radardevic6 must have a self-test function that, when activated, 
determines whether the internalsignals will be processed and dis- 
played within the l imits of • 1 mph. The displayed reading must clear 
upon switching to another mode of operationand i t  must be impossible 
for the .reading to be locked in the.speed display. Four radar devices 
did not meet this requirement during ini t ia l  testing. 

(e) Speed Display Transfer "- 0 

This requirement, applicable to moving mode radar devices, specifies �9 
that i t  shall be impossible to transfer the patrol speed reading from 
the patrol display to the target display. All radar units were in 
compl i ance. - 

( f )  Signal Processing Channel. Sensitivity. 15 

These tests aremade to evaluate the degree to which the radar device 
sensitivity varies in.detecting and processing.signals from slow-moving 
vehicles as compared to fast-moving target vehicles. Limits of sensi- 
t i v i t y  variation permitted by the model specification-and results of 
the test are tabulated below. 

Mode of Operation 

Stationary 

Sensitivity Requirement 

10 dB Speeds 20-90 mph 
< lOdB Mfrs. Spec. to 90 mph 

Noncompliance 

8 
.4 

Moving Mode- 
Patrol 25 mph 

3 dB Speeds 60-90 mph 10 

10 dB Speeds 40-90 mph 
3dB Speeds 60-90 mph 

. 

-2 

The f i rs t  eight radar units listed did not comply with requirements of 
the model specifications while the next four radar units .are listed be- 
cause they did not detect and process signals at target Speeds below 
20 mph, usually 10-15 mph specified by the manufacturer, without exceed- 
ing the requirement of the specification. In these four cases, the 
manufacturer's specif.ications were changed to bring the radar devices 
into compliance. 

15 



(g) Target Channel Speed Display g " 

The target signal processor channel and target speed display shall 
function properly for  targets t ravel ing at a speed o f 2 0  mph or at a 
lower speed specif ied by the  manufacturer, in both the stat ionary and 
moving modes. The Same i s ' t r u e  for targets t rave l ing at a speed of 
I00 mph'ih the s ta t ionary  mode, and for closing speeds of  155 to 209 
mph in the moving mode. 

Speed/Mode 

Low Speed--Stationary 

SpeedRequirement 

20 mph, or 
Mfrs..Spec. 

Noncompliance 

.. 0 
4 

(h) 

Moving 20 mph, or 
Mfrs. Spec. 

High Speed--Stationary 

Moving 

100 mph, or 
,Mfrs. Spec. 

100 mph (Patrol 20 mph) 
�9 Mfrs. Spec. 

Closing Speed--Patrol 55 100-154 mph 

Patrol Channel Speed Display .2 

2 
2 

I 
~5 

0 
2 

" . . -  . . . .  

Low Speed 

High Speed 

Patrol Speed Change 
Tracking 

Electroma~netic Interference 

| 

I 

| 
The patrol signal processor channel and Patrol speed display shall func- i i  
t ion correctly at 20 mph or at a lower speed specified by the manufacturer ".' 
when operating in the moving .mode. The same is true for a speed of 55 mph 
or a higher speed specified by the manufacturer. I 

20 mph . 0 

55 mph 0 
Mfrs. Spec. I 

I mph  " 1 

4 

�9 EleCtromagnetic interference tests were conducted in the laboratory by impressing, 
on the radar devices, electronically_generated signals similar in frequency, 
wave form and amplitude to electromagnetic energy found in and around an operat- 
ing motor vehicle. The signals were generated to simulate those given of f  by a 
vehicle alternator, vehicle ignit ion, air conditioner/heater motor, and wind- 
shield .wiper motor. Test signal s were also generated to simulate those charac- 
ter is t ics of police FM transceiver operation and of the operation of citizens 
band (CB) transceivers in and around a patrol vehicle. While conducting the 
tests in both stationary and moving modes, no incorrect speed reading should be 
displayed. Depending on the particular radar device, the speed display may not , 
change, or may go blank, in the presence of spurious electromagnetic interference~ 
The requirement is met under either condition. , In addition, the radar device may 
have an interference alert c i rcu i t  that produces a warning signal to the operator 
whenever interference is detected. 
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Three of the radar devices tested displayed erroneous readings when subjected 
to interference during the simulated police FM transceiver interference tests. 
One of these three as well as one other radar device, displayed erroneous read- 
ings during the simulated CB interference testing. 

OPERATIONAL TESTS 

El ectromaBnetic Interference 3 

The operational tests were conducted with the radar device properly installed 
in a patrol vehicle of the typenormallyused for. law enforcement purposes. The 
test vehicle had an FM transceiver and antenna and a citizens band trans- 
ceiver and antenna, each installed in accordance with the manufacturer's in- 
structions. A handheld FM transceiver was also positioned in the vehicle for 
use by the driver. While the radar was tracking an acquired target vehicle 
traveling at 50 mph, audio tones from 500 to 3000 Hz generated by a slide 
whistle were transmitted via the microphone of the FM and CB transceivers. 
The radar display, was observed for any erroneous readings caused by the slide 
whistle transmissions from the transceivers. At �9 two tests were con- 
ducted with each transceiver. The tests were repeated similarly with the 
patrol vehicle, lin stationary mode, tracking a target vehicle while a third 
vehicle equipped with the FM and CB transceivers passed within 10 feet, f i r s t  
on one side of the patrol vehicle and then on the other. 

One radar device was subject to interference from the FM transceiver when 
i n i t i a l l y  tested, while two others were interfered with by the CB transceiver. 

Speed Accurac~ Tests 

The speed accuracy tests were conducted on a half-mile measured course, over 
which the target vehicle was driven at constant speeds of 20, 50 and 70 mph. 
The true speed of the target vehicle for each test was calculated from the 
elapsed time to travel the known distance, or measured with a f i f t h  wheel speed 
measuring device. The speed displayed on each radar device during the runs was 
compared to�9 truetarget vehicle speed to determine whether or not the radar- 
displayed speed was within the allowable variation of +1, -2 mph in the station- 
ary mode and +2 mph in the moving mode of operation. 

Itshould be noted that the model radar specifications, as published, require 
that the speed measuring radar devices provide a speed accuracy of + I mph 
in the stationary mode. During subsequent review of the specifications, i t  
was recognized that this requirement, while real ist ic for the inherent accuracy 
of radar devices, didnot take into account the manner in which the measured 
speed is displayed. When�9 radar unit processes the signal from a target 
vehicle to determine the speed that the signal represents, i t  measures the 
speed in units of 0.1 or even 0.01 mph. Prior to displaying the speed, the 
measured value is typically truncated(i .e. ,  the fractional or decimal units 
of speed are discarded) and the speed is displayed in units of one mph. For 
example, i f  a radar unit measures a vehicle speed of 55.9 mph, a speed of 55.0 
mph is displayed. Because of this, a radar device could measure the speed of 
a vehicle traveling at a r~ate of 50.5 mph as 49.9 mph and would display a. 
speed of 49.0 mph, or 1.5 mph less than the true speed. 



The requirement for speed measuring accuracy of radar �9 of + 1 mph, 
as stated in the model radar specification, was changed to +1, -2 mph for 
this program, and the model specification will be changed as �9 well at such 
time as i t  is reissued. 

During the in i t ia l  testing, five radar devices were reported as not complying 
with the speed accuracy requirements of the model specifications; three in the 
stationary mode/moving target test and one of these three, in addition to two 
others, in the moving mode/approachingtarget test. However, these particular 
test-data are considered questionable, since all five units met the speed 
accuracy requirements of all other speed tests required. The three radar de- 
vices that were not in compliance in the stationary mode/moving target test 
Situation at 70 mph were in compliance when tested at speeds of 20 and 50 
mph in the in i t ia l  testing phase. Similarly, the threeradar devices that 
did not meet the compliance requirement in the moving mode/approaching �9 
(patrol 20 mph - target 55 mph) met the requirement in the higher speed test 
(patrol 55 mph - target 70 mph), andalso the stationary tests at speeds of 
20, 50 and 70 mph. All five units were found to comply ful ly with the speed 
accuracy requirements when retested during the final phase of testing. I t  
should be noted that the final testing was conducted without adjustment or 
modification of thespeed measuring circuitry of. any of the five radar devices. 

Minimum Operating Range �9 

| 
, o  

I 
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| 
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I t  should also be noted that the model specifications do not require that the 
radar device have a minimum operating, range. I f  range is an important con- 
sideration for the conditions under which the radar device is intended for 
use, minimum range should be specified by the purchaser. 
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IAcP Test 
Lot Number 

2556 
2557 
2561 
2563 
2565 
2568 
2570 
2574 
2578 

2555 
2558 
2559 
2560 
2562. 
2564 
2566 
2567 
2569 
2571 
2572 
2573 
2576 
2577 
2580 

TABLE 1 . 

RADAR DEVICE IDENTIFICATION 

.S_tationar~, Mode Radars 

Radar �9 
Manufacturer .Model 

Decatur RA-GUN. GN-1 
MPH K'I5 (K) 
MPH K-35 (K) 
Kustom Fal con .. 
Kustom �9 Roadrunner 
Kustom HR-8 
MPH K-35 (X) 
MPH" K-15.(X) 
Decatur RA-GUN KN-1 

Movin 9 Mode Radars 

Kustom KR-IO-SP 
MPH S-80 (K) 
MPH S-80MC (K) 
MPH. K-55E (X) 
Kustom Trooper 
Kustom KR-11 
BEE BEE-36 (X) 
Kustom HR-12 
BEE BEE-36 (K) ~ 
MPH K-55. 
MPH S-80MC (X) 
MPH S-80 (X) 

�9 Decatur MV-724. 
Decatur MV-715. 
CMI (Speedgun Magnum) 

19 

Type 

I 
I I I  
I I I  
I I I  
I l l  
I I I  
I 
I 
III. 

IV 
IV 
IV 
I I  
IV 
IV 
I I  
IV 
IV 
IV 
I I .  

I I  
IV 
I I  
I I  

Operat i ng. Freq. 
Band (X or. K) 

X 
K 
K 
K 
K 
K 
X 
X 
K 

K 
K 
K 
X 
K 
K 
X 
K 
K 
K 
X 
X 
K 
X 
X 

6 



TABLE 2 
SUMMARY OF INITIAL TESTS 

REqUIREMENTS/TEST 

1221.11 MANUFACTURER-PROVIDED EQUIPMENT .. 
Tuning Fork(s) 

1221.12a MANUFACTURER-SUPPL'IED I N F O ~  
(I) Insta]lation Instructions 

Precautions "to Avoid Inte~-ference From- 
Vehicle Ignition 
Heater/Air Conditioner/Defroster B o w e r s  

(2) Operating Instructions, Including- 
Test Procedures 
Internal C i r c u i ~ a  
Required Maintenance 
Characteristics I n d i ~  

L Mal f u n c t i o n i n g ~  
(3) Power SUpply Data: Vo~ge and Current- 

With Display(s) Illuminated 
Without Displays llluminateB 
With Target Present 
Without Target Present 
In Standby Mode ( i f  a p p - ~  

(4) Microwave Frequency Band of  Operation 
(5) �9 Output Power 
�9 (6) Operational Voltage 

High Limit 
Low Limit 
Low V o l t a ~  

(7) Maximum Microwave Power Densit~ 
(8) Antenna Horizontal'Beam Width 
(g) Antenna. Polarization 

(10) Operating Speeds of Ra-a'-d~-~ 
Minimum Target Speed 
Maximum Target Speed 
~Inimum Patrol S p e e d ~ ~  
Maximum Patrol Speed (Types rl & iv 

(11) Designed Operational Temperature Extremes- J 
Htgh and Low 

(12) Designed Operatlona um ty  x remes t 1221.12b TUNING FORK CALIBRATION CERTIFICATE 

1221.13 

Serial Number 
Nominal D e s i g n ~ ~  
Frequency Call b r a t l o n a ~  
Microwave Frequency Band for Which Used 
Calibrated Frequency and Associated m p h ' ~  
Correction Factor for 7OOF Calibration 

LABELLING REQUIREMENTS 
Tuning Fork Permanent Markings 
Radar Device Control Functions 

�9 LABORATORY TESTS 

1221.71 TUNING FORK CALIBRATION 
1221.72 DE UN NG K S 
1221.73 ~ E  TRANSMISSION- 

Frequency Stabi l i ty___ 
Input Current Stabi lTt~ " 
Radiated Power Output S~----b'TTTty_ 
Antenna Horizontal Beam Width 
Antenna Near-Field Power Dens~y_ 

Radar Device IACP Number 
I and I l l  I Types I.I and IV 

NOTE: S - Noncompliance with the Moael Specif icat ions. 
M = Compliance w i th  the Model Speci f icat ions,  but noncompliance with the manufacturer's speci f icat ions.  
N = Noncompliance because no tuning fork ca l ib ra t ion ce r t i f i ca te  was provided. 

ZRecetved at test  s i te  on November 30, 1983. Tests conducted during f ina l  phase. 
ZNo ~est conducted. Antenna f e l l  out a f te r  v ibrat ion test .  
3 Insu f f i c ien t  output power for  th ts  tes t .  
~Used tuning fork from another radar, as incorrect  ones were ~rovided by manufacturer. No target display in 
moving mode. 
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TABLE 2--Conti'n~ed 

SUMMARY OF INITIAL TESTS 

1221.74 

1221.75 
1221.76 
1221.77 
1221.78 
1221.79 

ENVIRONMENTAL TESTS 
(~) Temperature Tests 

Low Temperature 
Tuning Fork Testis) 
Frequency Stabi l i ty  
Input Current Stabi l i ty  
PAD Output PowerStabilit~ 

High Temperature 
�9 Tuning Fork Test(s) 

Frequency .Stabil its 
Input Current Stabi l i ty  
RAD Output Power Stabi l i ty .  

(b) Humidity Test 
Tuning Fork Test(s) 
Frequency Stabi l i ty  
Input Current Stabil.ity 
PAD Output Power Stabi l i t~ 

(c) Vibration Test 
LOW VOLTAGE SUPPLY 
~ A U D I O  
SPEED MONITOR ALERT 
POWER SURGE TEST 
SPEED DISPLAY 
(a) Readability - Character Height 

Luminance Contrast 
(b) Display Lock 
(c) Display.Clear 
(d) Internal Circuit 
(e) Speed Display Transfer 
i f )  Signal.Processing Channel Sensi t iv i ty  

i l )  Stationary Mode: 20-90 mph 
60-90 mph 

(2) Moving Mode: 
Patrol 25 40-90 mph 
Patrol 50 60-90 mph 

- (g) Target Channel Speed Display: 
( I )  Low - Stationary 

Moving 
(2) High - Stationars 

Moving 
(3) Closing, 

(h) Patrol Channel Display: 
(I) Low Patrol Speed 

H+gh Patrol Speed 
(2) Patrol Tracking 

1221.80 ELECTROMAGNETIC INTERFERENCE 
(a) Vehicle Alternator 
ib) Ignition, A/C Heater Motor, 

Windshield Wiper Motor 
(c) Police FM Transceiver 
(U) Citizens Band (CB) Transceiver 

1221.81 

1221.82 

OPERATIONAL TESTS 

ELECTROMAGNETIC INTERFERENCE 
(a) Vehicle Alternator 
(b) Citizens Band Transceiver- 
(c) Adjacent Vehicle Interference- 

Police FM Transceiver 
CB Transceiver 

SPEED ACCURACY TESTS 
(a) Stationary )4ode - Moving Patrol 
(b) Moving Mode - Moving Patrol 
(c) Stationary Mode - Moving Target 
(d) Moving Patrol - Approaching Targe t 

Patrol 20 - Target 55 
Patrol 55 - Target 70 

Radar Device IACP Number 

I 

I 

*Test could not be completed because of technical problems with the radar device. 
i 

STestlng terminateddue to lack of target display in moving mode." 
6Testing terminated due to lack of target display. 
7Testlng terminated due to failure of right-hand digit in t~rget display. 
8Displayed zero reading during time of,interference. 

m ~Red display only. Green display did not provide sufficient contrast. 
10Testing terminated due to unusually low power density. 

R.= During the final testlng phase, without adjustment or {nodlficatlon, at those conditions Identified by 
R on the table, the speed accuracy of these devices was verlfled~ 



CONCLUSION 
| 

The model performance specifications development and the radar device test- 
ing .program have led to a definitive improvement in the radar units that will 
be available in the future. Undesirable features, such as the automatic speed �9 
lock, have been removed and positive features have been added, including radio 
frequency-inter.ference detection circuits that alert the operator tothe in- 
terference .and/or disable the radar speed display before spurious readings are 
encountered; low-voltage detection circuits that provide a warning.indicator 

�9 and/or, disable the radar's speed display windows before spurious, readings �9 are 
encountered as a result:of low voltage operating conditions. In addition, the 
performance specifications and the testing program �9 have assisted the manufac -~ 
turers in improving the readability of the speed-display�9 windows, the signal- 
strength sensitivity versus speed characteristics in both stationary and moving 

.modes, performance �9 at both high and low temperatures and, f inal ly,  operator's 
manuals�9 provide radar users with key information regarding the operation 
maintenance and. performance of the particular, radar units. 

The overall NHTSA/NBS/IACp program, including �9 the testing that is described in 
this report, has produced improved radar devices that are better understood, 
are easier to operate, and-have less probability for errors than their prede- 
cessors. Coupled with the Basic Training Program inRadar Speed Measurement 
developed by NHTSA, the performance of speed measuring radar devices has been 
improved signficantly. 

The role of police t raf f ic  radar in t raf f ic  safety enforcement continues to 
be of cr i t ical importance. Police traf f ic radar devices provide a means of 
increasing enforcement effectiveness and thus enable police administrators to 
better cope with the scarcity of manpower, resources and rapidly increasing 
fuel costs. 

Highway safety and law enforcement ofi~icials should recognize.lthe fal lacy of 
purchasing radar devices solelyon the basis of economy without due regard to 
their performance capabilities. �9 testing by IACP and individual law 
enforcement agencies, using IACP approved laboratories, will ensure that the 
radar units �9 manufactured and sold to law enforcement agencies meet or 
exceed the performance characteristics Of those individual units that were 
tested and found to be qualified for the IACP CPL. 
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Recommendations 

The IACP recommends .that every agency procuring�9 radar units (.after January 31, 
1984) require the successful bidder to certi fy that the radar units being sup- 
plied are included in the�9 IACP Consumer Products. List. and meet or exceed.the ~ 
NHTSA/IACP model specifications. This dual certif ication is impori~ant because 
some manufacturers have indicated that model numbers on both conforming and 
nonconforming units may be identical. 
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T he.iACP recommends that, i f  an agency, is purchasing a large number of un'its, 
ii~ have one or more units tested, to the model specifications at the manufac' 
turer's expense�9 I f  the test unit does not comply with the model specifica- 
tion, then the procuring agency should have the option of allow.ing the manu- 
facturer to'correct the deficiencies or cancel the.order and procure the radar 
from another qualified bidder. 

The IACP also.recommends that every officer operating a radar speed measuring 
device receive training that is equal to or greater than the Basic �9 Training 
Program in Radar Speed Measurement developed .by NHTSA. 

o k .  
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~uo~û '̂̂ -. ' ' " 

Field Strength Measuremehts of Speed Measuring. Radar ' Units, �9 Technical 
Report No. DOT HS-805-9282, June 1981, National Highway Traff ic Safety 
Administration, U.S. Department of Transportation, 4007th Street, S.W., 
Washington, D.C. 20590. �9 available as NBSIR 81-2225�9 same t i t l e ,  
National Bureau of Standards, Washington, D.C. 20234.) " 

Police Traff ic Radar, NHTSA Issue Paper, DOT HS-805-254, February 1980, 
National Highway Traff ic Safety Administration, U.S. Department of Trans- 
portation, 400 7th Street, S.W., Washington, D.C. 20590. 

Model Performance Specifications�9 for Police Traff ic Radar Devices, DOT 
HS-806-191, March 1982, National Highway Traffic Safety Administration, 
U.S Department of Transportation, �9 .400 7th Street �9 S.W. Washington D.C 
20590. ' ' ' " 

1Copies may .be obtained from the Superintendent of Documents, Stock Number 
050-003-00412-0, Government Printing Office,�9 D.C. 20402. " 

2Copies may be obtained from the NTIS, Springfield, Virginia 22162, under 
#PB 81-240 079. 

24 

II 
/ 

II 
| 

B 
II 
D 
a 

i 
. J  

m 
| 

. . J  

I 
l 
l 

" I 

l 
�9 - t 

| 
V I 

# 

l 
l 

, j "  

H 



,! 
| 

~| 

~| 

| 
| 
~| 

~| 
| 

J 
| 

~| 

| 

APPENDIX A 
J 

CONSUMER PRODUCTS LIST 
y 



!1 
i i  
i 
-!1 
1 
I 

i 
Il- 

l 

I 
I 
I 
l 
,i 
I 

Manufacturer 

Police Traffic Radar Speed Measuring Devices 

CONSUMER PRODUCTS UST (CPL) 
January 31, 1984 

Revised April 30, 1984 
Radar 

Model Band Type Compliance 

Broderick 
Enforcement 
Electronics 

(BEE) 

CMI 
(Federal Signal Corp,) 

BEE-36 (K) K IV-Moving Ful! 
BEE-36 (X) X II-Moving Full 

Speedgun Magnum X II-Mnvmg " Full 

Decatu r 
Electronics 

MVR-715 
MVR-724 
RA-GUN ./QT- 1 
RA-GUN GN-..7 

X II-Moving Full 
K IV-Moving Full 
K Ill-Stationary Full 
X I-Stationary I~ull 

Kustom Quality 
Electronics 

Falcon 
HR-8 
HR-12 
KR-10SP 
KR-11 
Road Runner 
Trooper 

K Ill-Stationary Full 
K Ill-Stationary Full 
K IV-Moving Full 

-K IV-Moving Full 
K IV-Moving Full* 
K Ill-Stationary Full 
K . IV-Moving Full 

MPH Industries, Inc. K-1 5 (K) 
K-15 (X) 
K-35 (K) 
K-35 (X) 
K-55 (K) 
K-55 (X) 
S-80 (K) 
S-80 (X) 
S-8OMC 
S-80MC 

(K) 
(X) 

K Ill-Stationary Full 
X I-Stationary Full 
K II I-Stationary Full 
X I-Stationary Full 
K IV-Moving Full 
X II-Moving Full 
K IV-Moving . Full 
X II-Moving Full 
K IV-Moving Full 
X II-Moving Full 

* The KR-11 was-in full compliance with the standard except for the acceleration testing requirement. 
The unit did not give any false readings, but its microprocessor program prevents the KR-11 from 
reading speeds unless the patrol speed is stable. Therefore the KR-11 passes the intent of the test and 
the standard�9 

PERFORMANCE TEST CENTER (PTC). 
INTERNATIONAL ASSOCIATION OF CHIEFS OF POLICE 

THIRTEEN FIRSTFIELD ROAD 
GAITHERSBURG, MARYLAND 20878 

(301) 948-0922 
(800) 638-4080 

Test ~;esults and analyses containedherein do not represent product endorsement by the IACP nor 
product approval or endorsement by. the National Highway Traffic Safety Administration (NHTSA), the 
U.S. Department of Transportatio n, the National Bureau of Standards, or the U.S. Department of 
Commerce. 



Police Traffic Radar Speed Measuring Devices 

In 1976, the International Association of Chiefs of Police (IACP) passed a resolution calling for 
Federal government concern and involvement in the development of health, safety, and 
performance standards for speed measuring devices, testing of the deVices, and publication of the 
test results. In August 1 977, the National Highway Traffic Safety Administration(N HTSA) entered 
into an interagency agreement with the Law Enforcement Standards Laboratory (LESL) of the 
National Bureau of Standards (NBS). to develop performance standards for police speed 
measuring devices..On January 8, 1981, the draft performance-standard for speed measuring 
radar devices appeared as a proposed rulemaking in the Federal Register (23CFR1221 ): Following 
an extensive review and comment period, the NHTSA published the revised standard as Model 
Performance Specifications for Police TrafficRadar Devices (DOT-HS-806-191) in March 1982. 
The IACP subsequently adopted these specifications, at the recommendation of the Technology 
Assessment Program Advisory Council, as an IACP specification for radar devices. 

During the time following issuanceof the proposed rulemaking, the manufacturers of radar devices 
have continued to make modifications to their products directed toward achieving compliance with 
the model specification. Publication of the model specification prompted an IACP proposal to test 
speed measuring radar devices to determine compliance with the model specification and to 
prepare a consumer products list in the same manner that other types of equipment were being 
tested by IACP as part of the National Institute of Justice (N IJ), Technology Assessment Program. 
The unsolicited IACP proposal was accepted and in October 1982, the IACP entered into a 
cooperative agreement with N BS/LESL to accomplish the testing of radar devices and publish the 
test results. 

Consistent With the procedures used for the NIJ Equipment Testing Program, the IACP issued a 
request for proposal for the testing by independent testing laboratories and received over 50 
requests for the documentation. Of those �9 laboratories submitting proposals, two were selected: 
Dayton T. Brown, Bohemia, Long Island, New York; and Michigan State University, East Lansing, 
Michigan. Each laboratory, was given one radar device for pre!iminary testing. A team of experts 
from NBS, NHTSA, and IACP visited each laboratory to ensure that the laboratories had qualified 
personnel, the proper test equipment and were conducting the test in the proper manner. 

The radar manufacturers submitted their radar devices to the testing laboratories in June-July 1 983 
and initial testing was completed by October 1, 1983. Based on the initial test results, the" 
manufacturers were afforded an opportunity to make minor changes in their radar units before the 
final testing phase. ]'he final testing was completed and reports were received at IACP on January 
16, 1984. The Consumer Products List on the following page is the result of the aforementioned 
testing. A full test report will be available on or about March 31, 1983. 

The IACP recommends that every agencyprocuring radar units after January 31,1984 require the 
successful bidder to certify that the radar unitsbeing supplied are included in the IACP Consumer 
Products List-and meet or exceed the NHTSA/IACP model specifications. The certification is 
important because some manufacturers have indicated that model numbers on both conforming 
and no.ncomforming devices may be identical. The IACP intends to monito.r the performance of . 
speed measuring radar device production units through random testing of units purchased by 
individual departments. 
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Appendix B: List of Manufacturers 

Broderick Enforcement Electronics 
7155 Antigua Place 

. Sarasota, Florida �9 

CMI~ Incorporated 
P.O..Box 38586 
Denver, Colorado 80238 

Decatur Electronics, Incorporated 
715 Bright Street 
Decatur, I l l i no is  62522 

Federal American Research 
41011 Highway 6 
Minturn, Colorado .81645 

(None Tested) 

Kustom Quality Electronics, Incorporated 
8320 Nieman Road " 
Lenexa, Kansas 66214 

M.P.H. Industries, Incorporated 
15 South Highland -- 
Chanute, Kansas 66720 

Tribar Industr ies,Ltd. (None Tested) 
Muni Quip Radar Division 
3650 Weston Road ....... 
Weston, Ontario, Canada~-M9L 1W2 
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January 18,, 1991 

�9 ~.~,~. B a l l e l l e  
�9 . . P u t t i n g  T e c h n o l o g y  To W o r k  

505 King Avenue �9 
Columbus, Ohio 43201-2693 
Telephone (614) 424-6424 
Facsimile (614) 424-5263 

Dr. James Wasil 
Technology and Science Advisor 
Division of Safetyand Hygiene 
Bureau of WOrker's Compensation 
246 North High Street 
Columbus, OH 43215 

Dear Dr. Wasi1: 

.k INTROOUCTION 

This letter report presents the results of electromagnetic environment 
measurements performed by Battelle on December 13, lggo. The purpose of the 
measurements was to provide the Ohio State Patrol (OSP) with quantitative data 
with which to. assess radiation hazard risksassociated with the use of 
comunications and radar equipment. In addition, an abbreviated radiation 
level measurement wasperformedwith a handheld transceiver, which would be in 
close proximity to the user's body in normal use. Measurement results are 
compared with two relevantradiation exposure l imit  standards. Generallyi the 
measured levels wer~ well below the standard limits. In a small number of 
specific cases, measured levels exceeded the limits and some changes in 
equipment location and/or operation may be warranted. 

MEASUREMENT TECHNIQUES 

The device used to determine the electromagnetic energy levels is-a Narda 
mode] 8611 radiation probe. The ]eve] is read d i rec t l y  from a f ront  pane]_ 
meter and is expressed in units of mi] l . iwatts per square centimeter (mW/cmZ). 
This is an expression of the amount Of power over an area, or power densi ty.  

Ba~elle endeavors at all rimes to prc<iuce work of the highest quality, consisr~-nt with our cone-act commitments. ~ 
f 

H ~ e r ,  because of the resear~ an~or expedrnental nature of this work the client undertakes the sole responsibiiity 
for the consequences of any use, misuse, or inability to use, any information, apparalus, process or resuk obtained 
from Bal~eile, and Ba~elle, its employees, omce~, or Trustees have no legal liability for the accuracy, adequacy, Or 
efficacy thereoL 

+ i , 



Dr. James Wasil 
Bureau of Worker's Compensation 2 January18, 1991 

Six patrol vehicles were tested to provide a variety of equipment 
configurations. These variations included antenna mounting locations, types 
of vehicles, and the presence of a cage. Measurements were taken at four 
passenger locations and four locations outside each Vehicle. With the probe 
at each of these locations, the various transmitters were triggered to radiate 
individually, and the resulting power density recorded. Theprobe Was moved 
for a peak reading within proximity of the selected location. �9 handheld 
measurements consisted of two tests: (I) measuring power density levels by 

scanning the body while the radio was (a) placed on belt, and (b) held at face 
leve l ,  and (2) searching for a maximum free-space level intheimmediate 
vicinity of the radio, ~ i l e  the radio was held away from the body. 

PRESENTATION OF DATA 

Figures 1 through. 12 present the results of measurements in graphic form. 
Referring to Figure I, the top portion is a view looking down at the vehicle, 
with the vehicle make and serialnund~er annotated in the upper left corner. 
To the ~ght of the vehicle depiction is an antenna list showing antenna 
�9 location and characteristics of equipmentconnected to them. (The letters on 
and around thevehiclerepresent measurement locations.) On the lower portion 
of each figure is a chart of the levels measured at each location for each�9 
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source. I f  a " - - "  appears, th is  denotes a level that was below the ~:" 
Sens i t i v i ty  of theprobe.  I f  the space is l e f t  blank, a measurement at that 
location was not taken fo r  that source, m 

m 
The diagrams are se l f  explanatory, but a few special cases w i l l  be noted as 
fol lows. In Figure 5, the only example of an 800 MHz test was performed with 
a 1 watt Cel lu lar  telephone connected to an on-glass antenna. This may be 
useful for  future applications involving 800 MHz equipment. Also in th is  
figure are the results of a higher power speed radar. Figure 7 gives maximum 
power densities for 45 and 155 MHz radios employing disguise antennas. The 45 
MHz antenna is a cowl mount, and for 155 MHz a glass mounted cellular look- 
alike antenna is employed. Figure 8 gives the maximum power densities for the 
handheldradio test in three locations. Finally, the last four tests were 
with the higher power, window mount style radar, These tests were performed 
With the radar antenna mounted at three inside locations and one outside. 

0 CONCLUSIONS AND RECOMMENOAT!ONS 

Table1 lists the non-ionizing radiation (NIR) exposure limits, at the 
frequencies corresponding to the equipments measured; �9 for the ANSI' and 
OSHA'" standards.The ANSI standard applies to the general public; the OSHA 
standard to occupational exposures. Webelieve that both standards are 
relevant to OSP -- the occupational standard, for OSP officers and personnel,l 

' American National Standards Institute, ANSl C95.1, 1982 

" Occupational Safety and Health Administration (OSHA); Code of 
Federal Regulations (C.F.R.) Section 1910.97, "Nonionizing 
Radiation". 
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Dr. james Wasil 
Bureau of Worker's Compensation 3 January 18, 1991 

and thepublic standard for passengers and bystanders. However, this 
distinction is an assumPtion on our part ~nd should beclas with 
regulatory, authorities. 

TABLE I .  It~IATION LIMITS FOR 
FREQUENCIES OF INTEREST 

Limit 

FREQUENCY 

27.065 MHz 

45.020 MHz 

155.370 MHz 

465.000 MHz 
T 

800,000 MHz 
I 

10.525 GHz 

(wa/c ) 
ANSI OSHA 

1.2 10 

1.0 10 

1.0 10 

1,6 10 

2.7 10 

5,0 10 

Although. these standards specify definite l imits, they should not be construed 
as representing a sharp boundary betweena hazard anda non-hazard. They are 
reguZatory l imi ts ,  somewhat analogous to a speed l imi t .  They are derived from 
a large body Qfexperimentaldata (sometimes contradictory), some subjective 
j ud~me~once r~ng  the magnitude of an adequate safety, factor, and some 
discernment of what constitutes an acceptable risk �9 in l ight of the perceived 
benefits from ut i l izat ion of theelectromagnetic spectrum. In the lat ter 
case, the risks are biological and the benefits are (largely) economic, so 
there is a good deal of controversy concerning the proper trade-off. Wherever 
the appropriate exposure l imit lies, radiological health experts agree that 
individualshaving control over (their own or others') exposure to NIR should 
strive to keep the exposure "as low as reasonably achievable"." That is, the 
less theexposure, the lower the risk. Nevertheless, compliance with the 
appropriate regulatory l imit is required of 'a l l  users of electromagnetic 
energy. For the reasons cited above, the measurements reported here can be 
discussed only with respect to the exposure l imit standards and not in terms 
of biological hazards. - -  " 

Analysis of the data shows thatl as expected, the 465 MHz vehicular' repeater, 
27 MHz CB, and 800 MHz Cellular Telephone are suff iciently low in�9 to be 
of l i t t l e  concern. I t  was always possible to exceed the ANSI l imit  at 45 MHz 
while standing at the antenna mounting location. In two vehicles with cages, 
high power densities were observed at points in the passenger compartment at 
45 MHz. Similar effects.were observed at 155 MHz; the Cages apparently 
enhancing coupling within the vehicle. 

The 25 mW radars currently inuse never exceeded ANSI or OSHA limits even with 
the probe placed inclose proximity with the.antenna. Under normal use.with 

abbreviated as AL.ARAj in the technical "literature. 



Dr. James Wasil 
Bureauof Worker's Compensation 4 January 18, lggl 

the antenna aimed forward or at 45 degrees, there was no measurable radiation, 
and.no observable leakage from the sides and back of the antenna. With the 
antenna aimed rearward, exposure would result i f  someone looked closely at the 
antenna lens or leaned over, blocking the radar with the i r  chest; I t  must be 
remembered that the radar antenna is highly directional and does not produce 
coupling effects as seemed to occur with the VHF equipment. There was no 
appreciable radiationmeasured outside the vehicles at 10.525 GHz, even with 
the radar antenna aimed forward. Very di f ferent results were produced by the 
120 mW, window mount radar. As Figures 10-12 indicate, i t  was possible t o  
experience levels in excess of 10 mW/ca~ at any of the three internal mount 
locations. What is par t icu lar ly  of concern about these locations is that the 
point of maximum signal is at passenger head level.  This practice should be 
reconsidered and i t  is suggested that,  i f  windowmount radar antennas are 
used, they should he mounted external ly at a l l  times. I t  is understood that 
these uni ts  are no longer employed by OSP. 

F ina l l y , . the  handheid radio tests showed levels to beconsidered, but it is 
d i f f i c u l t  to determine i f  a concern is presenL. -.The levels were below ANSI 
standards in both the belt  mounted and face posit ions. 

m . 
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Little is kno.wn about Iong-termeffects of electromagnetic radiation exposure 1 
ano some par~ies contend that the current hazard l !mits are not very well . 
founded. Unti l  more Is known, awareness of potential hazards can reduce fear, 
and educat)on fo r those working around el.ectroma netic sources is a 
responslbility that must_be shared. There are, ~ccording to ANSI and OSHA m 
stanoaros, some potential areas of concern in and around OSP vehlcles. Some 
could be reduced withe different vehicle configuration, as in the case of l 
cage coupling effects. Others can only�9 be dealt with through education and 
awareness, as in the case of the antennas for the high power VHF radios. Keep 
in mind, however, that although some of the measured power densities around 
these antennas exceed the Standards, the real safety and health problem is 
long-term, continued exposure. 

We appreciate the opportunity to work With OSP, and �9 forward to providing 
further assistance, if needed. Please call me at 614-424-6175 with any 
questions that you may have. 

Sincerely, ,. 

Robert T. Whitacre 
Research Scientist 
El ectromagnet i cs Sect i on 
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Attachments (Figures 1-12) 

State Highway Patrol 
660 E. Main Street 
Columbus, OH 43205 
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sP io46 

H E 

15 ' ~  

87 CHEV 
G 

3 

e~  

B D 
4 

A C 

ANTENNA 

LOCATIOtIS 

1. LB. 45.02 M~., $00V 

2. CB, 27.065 M ~ ,  3.5V 

3. KB, 155.37 M ~ .  tO0V 

4. IIHF. 465 l ~ Z . . 5 V  

5. P~DAR t0.  525 G ~ .  25 mV 

I 

I 
'1 45.02 MHz 

: 155.37 MHz 

10.525 GHz** 

I 
I 

DEVICE 

Facing Rear 

27.065 MHz 

465.00 MHz 

I 
I 

POWER DENSITY (mW/cm2) 

POSITION 
I 

A A, L* B C D E 

0.40 0.05 0 . 4 0  0.30 0.50 0.50 
i 

0.08 0.02 0.07 1.70 1.00 0.04 

F G H 

10.0 0.5 .4 

00.4 4.0 - -  

i 

. . . . . .  0.03 0.02 

10.525 GHz 0.20 
Facing Forward 

10.525 GHz - . . . . . . . . . .  
.45 ~ Right 

*A,L=Driver's Leg. 
**Maximum=l.0 mW/cm2with probe 12" from radar antenna. 

i 
I FIGURE 1. POWER DENSITY DATA FOR VEHICLE SP1046 

i 

I I f  a " - - "  appears, th!s denotes a level that was below t h e s e n s i t i v i t y  of the 
probe. I f  the Space i s  l e f t  blank, a measurement at t ha t l oca t i on  was not 
taken for  that source. | . 



�9 5 P  1 2 0  

H E 

15 ' - - - - -~  

2 

90 FORD 
G 

B 

5 

A 

D 
2 

C 
4 

1 

F 

ANTENNA 

LOCATIONS : 

I. LB. 45.02 HHZ. 100V 

2. HB. 155.37 MHZ. 100V 

3. CB. 27.065 1 ~ .  3. SV 

4. U~F..  *,65 H H Z . .  5V 

S.  RADAR 10. 525 Glib. Z5 mg 

i 
I 
i 
i 
I 
I 

DEVICE A AoL 

45.02 HHz O. 6 O. 12 
i i  

156.37 MHz 0.3 0.03 
i 

27.065 MHz . . . .  

465.00 MHz . . . .  

10.525 GHz* . . . .  
Rear Facing 

i0.525 GHz - -  - -  
Forward Fac ing  

10.525 GHz -- 
45 ~ Right 

*Max in front .7 at 12". 
Max in back . 2 .  

POWER DENSITY (roW/co 2) 

POSITION 

B C 

0.20 0.50 

0.04 0,17 

- -  0.04 

! 

D E F G H i a 
0.20 1.00 5.0 3.0 .08 

0.05 0.15 0.3 1.0 .01 

0.10 I 

r 

O~ OU , OO 'em~ m 

o ~ ,  e ~  o~  g o  

I ,  

I 
i 

FIGURE 2. POWER DENSITY DATA FOR VEHICLE SP120 
(NOTE'LOCATION OF 155 MHz ANTENNA.) I 

I 
| 

I f  a " - - "  appears, t h i s  denotes a level  that  was below the s e n s i t i v i t y  o f  the 
probe. I f  the space ~s l e f t  blank, a measurement at tha t  locat ion was no t  
taken fo r  t h a t  source. / 
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SP 817 

H E 

15 ' ~  

89 FORD 

o 

CAGE 

B 

A 

G '  

Z 

ANTENNA 

LOCATIONS: 

1. LB. 45 .02  M~-. 100V 

2. ]1~. 1S5.3T 11~.  100s 

3. CB. 27 .065  M ~ :  3 .5V 

4. UHF. 465 M H Z . . S V  

5. RADAg 10 .525  GHZ. 25 mv 

l 

F 

DEVICE 

45.02 MHz 

155.37 MHz 

27.065 MHz 

465.00 MHz 

10.525 GHz Rear* 

10.525 GHz Front 
i 

10.525 GHz 45 ~ 

*Max 1.0 at 6". 

POWER DENSITY (mW/cm 2) 

�9 POSITION 

3'oo .06 .25 o.3o .2o 

i t 
- -  0 .03 .04 it! 

E IF I0 IH 
,12 5.0~ 0.7 .04 

�9 10 0.3 4.0 .03 

FIGURE 3. POWER DENSITY MEASUREHENTS FOR VEHICLE SP817 
�9 (NOTE PRESENCE OF CAGE.) 

I f  a " , - "  appears, th is  denotes a level  that  was below the s e n s i t i v i t y  o f  the 
probe. I f  the space is  l e f t  blank, a measurement a t  that  l oca t ion  was not 
taken for that source. 
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SP 1271 

H E 

90 FORD 

CAGE 

4 

E- 
Z 
O ~e 
r._ 

B 

5 

A 

G 

D 

3 

C 

.r 

ANOTHER VEHICLE PARKED ABOUT $0 FT IN FRONT 

OF THIS VEHICLE (POSITION H IS BESIDE FRONT 

�9 EHICLE DRIVER'S DOOR) 

ANTENNA 

LOCATIONS: 

1. LB. 45 .O2 M I:~-. 10OV 

2. ~ .  1 5 5 . 3 7  M}C~. 1OOV 

3. CB.27.065 MIIZ. 3.5v 

4.  U~L:'. 465 M H Z . . 5 V  

5. P.,~OAR s G~... 25 uV 

DEVICE 

45.02 MHz 

155.37 MHz 

27.065 MHz 

POWER DENSITY (mW/cm 2) 

POSITION 

465.00 MHz 

10.525 GHz Rear* 

10.525 GHz .Front 

10.525 GHz 45 ~ 

A A,L B C O 

.40 .12 1.00 0.7 .5 

.05 .01 0.01 1.0 .5 

- -  .005 0.01 0.2 .9 

E F G X 

.20 4.0 0.6 .09 

'05. 0.2 4.0 .01 

*Max=.06 at 6". 

FIGURE 4. POWER DENSITY MEASUREMENTS FOR VEHICLE SP1271 
(NOTE PRESENCE OF VEHICLE, SIMULATING TYPICAL 
TRAFFIC STOP.) 

I f  a " ' -"  appears,~ this denotes a level that was below the sensit ivi ty of the 
probe. I f  the space, is l e f t  blank, a neasurement.at that location-was not 
taken for that source. . 
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5P. 297 

E 

90 FORD 

c-. 
z 
o 
r,._ 

B 

2 

D 

C 

1 

ANTENNA 

LOCATIONS : 

~. "CELY-PHONE. IV 
2. RADAR. ,10.5.25 GHZ. 60§ 

POWER DENSITY (mWlc~) 

DEVICE 
oL_ ,  

A 

10.525 GHz 
Rear Facing* 

10.525 GHz 
Front Facing 

Cellphone** 

A,L 

o lm  

l l  

. I  

POSITION 

B C 0 

u ~  e ~  ~ m  

.03 .03 

*Max=l.4 at 6 ~. 
beam is wider 

**Max=O.3 at center rear window. 

FIGURE 5. POWER DENSITY MEASUREMENTS FORVEHICLE SP297 

I f  a " - - "  appears, th is  denotes a level that  was below the s e n s i t i v i t y  of~che 
probe. I f  the space is l e f t  blank, a measurement at that  location Was not 
taken fo r  t ha t  source. 
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SP 842 RADAR ONLY 

(- 
Z 
O 
Q: 

B 

A 

D 

C 

ANTENNA 

LOCATIONS: 

5. RADAR. 10~SZ5 GHZ. 2S my 

' ~  DEVICE 

10.525 GHz 
Rear Facing* 

10.525 GHz 
Front 

Radar 45 ~ 

*Max=.8 at 6". 

POWER DENSITY (mW/c~F) 
I 

POSITION 
nl 

A . B  C �9 D 

k 

I 

FIGURE 6. POWEHDENSITY MEASUREMENTS FOR VEHICLE SP842 

0 

~ f  a " - - "  appears, th is  denotes a level  that  was belo~ the s e n s i t i v i t y  of  the 
�9 probe. I f  the space is l e f t  blank, a measurement at that  locat ion was not 

taken for  that  source. 
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LB 

E- 
Z 
0 

SP 765 

HB 2 

MAX READINGS: 

45.02 MEZ: 0.8 mW./cm Z 

155.37 ~EZ: 1.8 mW/cm 
Z 

ANTENNA 

LOCATIONS " 

1.  L B ,  4 5 ~ 0 2  MHZ.  IOOW " 

2. HB 1 5 5 . 3 7  MHZ. IOOW 

FIGURE 7. POWER DENSITY HEASUREHENTS FOR VEHICLE SP765 
(THIS VEHICLE EMPLOYS DISGUISE ANTENNAS.) 



HANDHE-LD IN AIR 

MAX.=2.0 mW/cm2 

FIGURE8. 
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HANDHELD : AT NOSE 

MAX. =0.4 mW/cm 2 

J RADIO AT BELT" 
465 MHZ. MAX.=0.4 mW/cm 
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HANDHELD RADIO TE.~'I'S AT 465.00 Ml-iz 
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5P Z97 ' 9 0  FORD 

II - I I - - -  1 5 ' - - - - ~  E 

F 

.+ 

D �9 

A, C 

lZ 

ANTENNA 

LOCATIOHS : 
1. m~?. l O . 5 2 5  O ~rv. 120 mY 

(Outside Vehicle) 

+i I 

i 
I DEVICE 

10.525 GHz 
Forward Facing 

10.525 GHz 
Rear Facing 

POWER DENSITY (mW/cm 2) 

POSITION 
m 

A B C D E H F 
1 

�9 4 i i ,  m l  l i b  m ~  i I i m  ~ 1 1 1  i i  

l m  l o  

I 
I FIGURE 9.  POWER DENSITY USING HIGH POWER (120 ~/)  RADAR 

1 
I 
I 
I 
I 
I appears, thisdenotes a 1eve1 that was below the sensi t iv i ty of the m I f~ ~ 

probe. I f  the space is ]e f t  blank, a.measurement at.that ]ocation was not 
taken for that source. 



SP 297 '90 FORD 

i O  

: r ~  

B D 

A 

i o  

t C 

ANTENNA 

LOCATIONS : 

t .  MRT. t 0 .  525 GHZ. 120 mY 

�9 ( I n s l d e  V e h l c l e )  �9 

m. 
! 
I 
I 
I 
I 

] 

DEVICE 

10.525 GHz Forward 

10.525 GHz Rearward 

POWER OENSITY (mWlca 2) 
POSITION 

.A B C D 

1 6  �9 �9 

I 
I 
! 
I 

FIGURE 10. 

I 
POWER DENSITY USING HIGH POWER (120.,,,,) ,~,~ ! 

I 
I 
I 
I 
I 

I f  a "- -"  appears, this denotes a level that was below the sensit iv i ty  of the I 
probe. I f  the space is l e f t  b]ank, amasure~ent at  that ]ocation was not ~-. 
taken f o r t h a t  source. 

I 



:| 

I 
l 

SP 297 '90 FORD 

z 
o ~e  
r . .  

B 1D 

A C 

11 

ANTENNA 

'LOCATIONS: 

I .  ~RT. 10. 525 GHZ. 120 mv 

( I n s i d e  Vehicle) 

I 

I 

I 
iI 

DEVICE 

10.525 GHz Fonvard 

10.525 GHz Rearward 

POWER DENSITY (roW/ca =) 
POSITION 

A S C D 

- -  5 0  - -  - -  

I 
I 
i FIGURE 11. POWER DENSITY USING HIGH POWER (120 roW) RADAR I 

m 

I 
I 
I 
I 
I , , �9 I f  a " - - "  appears, th is  denotes a level  that  was below the s e n s i t i v i t y  Of the 

probe. I f  the �9 TS" l e f t  blank, a measurement at  that  locat ion was not I taken for  that  source. .. 
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SP 297 '90 FORD 

E- 
z =o 

B I D 

A C 

ANTENNA 

LOCATIONS : '  

1. )t~7. 10.  525 GHZ. 120 mY 

( I n s l d e  V e h i c l e  ) 

I 
I 
I 
I 
I 

DEVICE 

10.525 GHz Forward 

10.525 GHz Rearward 

POWER OENSITY (mWlc.~) 

POSITION 

A B C D 

i 

e ~  n o  m ~  4 0  

I 
I 
I 
I 
I 

FIGURE 12. POWER DENSITY USING HIGH POWER (120 mf~) RADAR I 
I 
I 
I 
I 
m 

, 

I f  a ' - - "  appears, th is  denotes a level that was below the sens i t i v i t y  of t h e  m 
probe. I f  the space is l e f t  blank, a measurement at that location was. not 
taken for  that source. 
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DIVISION OF SAFETY & HYGIEN~ 

February 21, 1991 

Major DOn Mack 
State HighwayPatrol 
660 East Main Street 
Columbus, Ohio 43205 

Dear Major Mack: 

I was asked to assess radiation hazard risks associated with 
the use of communications and radar equipment from 
electromagnetic (non-ionizing radiation) measurements made by 
Battelle on December 13, 1990 and reported January !8, 1991. 

After my initial phone conversation with you, Robert 
Whitacre, Research Scientist, Battelle, was contacted on February 
15, 1991 in order to clarify some of the information presented. 

I Ruggera, Engineer, Center for Devices and Additionally, Mr. 
Radiological Health, (CDRH), Rockville, Maryland, (301) 443-3840; 
and Marcy Mathews, Health Physicist, Ohio Department of Health, 

i 

i 

Radiological Section (644-2727) were contacted to assist in the 
interpretation. Dr. Mays Swicord and Mr. Jack Monahan, both of 
the Division of Life Sciences, (CDRH) at (301) 443-7153 and 7192 
respectively were referred to me. The CDRH is an excellent 
source of information concerning electromagnetic radiation. 

| CO CLUSlONS: 
i. The 465 MHz vehicular repeater (UHF), the 27 MHz CB, and the 

ii 800 .MHz Cellular telephone were of sufficiently low power to be 
i of llttle concern. The K55 radar (with dash-mounted antennae), 

currently in use never exceeded ANSI or OSHA limits. 

I! 2. The handheld radios were not of concern, even with one 
result that exceeded ANSI. The .ANSI standard has exclusion 
criterion to the protection guides in relatlon to fields from low 
power devices such as hand-held, mobile, and marine radio 

~J, transceivers. These devices may emit localized fields exceeding 
the protection guides, but will result in a significantly lower 
rate of energy absorptlon than allowed for the whole, body 
average. Thus exposure to fields emitted by devices operatlng a t 
i GHz.or lower and at less than 7 watts output power would not be 
restricted. 
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3. During normal transmissicn, the c3uplimg effects f?cm the 
cages should ~t cause excessive exposure. You stated that 2-way 
radios usually transmit for 30 seconds maximu/n. Even in cases 
where the radio is on for four to ten minutes, transmittance is 
not continuous during this time, and would nct e~aal more than 5 
minutes of cumulative transmittance. ~NSI and OS~ standards are 
based upon 6 minute �9 
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A: ANSI should be followed because it is more conservative. 
However, there is not a .great difference between the �9 �9 
standards. Both are low level radlation. Mr. Ruggera stated 
that the ANSI standard is frequency dependent and was determined 
based upon the averag? man's helght and resonance of the body in 
the i0 to I00 MHz reglon, i �9 

Q: Why are European standards more conservatave than are OSHA 
and ANSI? " I 

I 

A: Mr. Ruggera stated that. presently no one knows the answer to 
this question. There are no obvious cumulative effects. Studies 
and debates are ongoing. The standards �9 are based on the EM 
radiation's ability to raise the body's temperature above the 
normal metabolic rate. ~n the Battelle report the conclusion is 
made, "Keep in mind, however, that although some of the measured 
densities around these antennas exceed the standards, the real 
safety and health problem is long-term, continued exposure." Mr. 
Ruggera stated that this conclusion is inaccurate. He knows of 
no epidemiological studies that prove or disprove health problems 
from long-term, continued exposure. 

Q; Should the ANSI or the OSHA standards be followed? 

Q: can there be a cumulative effect over a working lifetime to 
the levels measured? 

the following questions during our February 15th n 
You asked 

conversation: 

5. There is the potential for a localized effect (i.e. burn) 
from holding onto an antenna. This should never be done. I 

4. If window mount radar antennas are used, they should be 
mounted externally at all times. The MR7 units are designed fcr 
outside. You stated that some officers have used them inside in n 
inclement weather. DUring�9 monitoring, excessive levels were �9 
measured when they were mounted inside the vehicle. Even though ?i 
MR7s are not currently in use by the OSP, if they are used in the n 
future, external mounting would be necessary. �9 
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A: In general, they are not more conse~;azive when identical 
parameters are stipulated (e.g. same distance from source for 
measurements.) Mr. Ruggera stated that interference standards of 
course are lower than health hazard standards. He said generally 

I the scientific community worldwide is in ~==~t on the health 
hazard standards. There are isolated cases where European 
standards are more He a Russ standard. stringent, mentioned Jan 

i When researzhers from CD~q questioned the Russian scientists, it 
was discovered they could not meet their own standards. 

Q: All of the Battelle study results were taken with one device 
I on at time. You stated that it is quite possible for the radar a 

unit to be on during an entire 8 hour shift. What are the 
resulting exposures with concurrent radio and radar usage? 

I A: Mr. Ruggera stated that the power density results as 
measured in mW/cm 2 would be additive. However, in the I0 to i00 

I MHz �9 the resonance effects in the body would also have to region, 
be considered and would increase. 

Again, with normal radio usage, and with mounting the high 
power (MR7) radar antennas outside, no cumulative overexposures 
would be expected. 

I 
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Q: You asked if there should be a concern for electronic 
technicians who repair radar equipment. They can be within 4 to 
5 inches of an antenna for 30 minutes to an hour at a time for up 
to four_or five hours per day. ~_ 

A: ~ Mr. Ruggera stated that further studies are needed of the 
repair shop area. There is a potential for concern with the 
practices described (i.e. long exposure times at close range.) 

I 
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If you have further questions, please do not hesitate to 
call me (466-5563) or any of the three people from the CDRH 
referenced earlier in this report. 

Respectfully submitted, 

Beth Purcell, C.I.H. 
Director of I.H. & Engineering .! 
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C O :  J. Wasil, Superintendent 
J. Fograscher, Dir. of Ergonomics & Safety 




