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Introduction This is a report of what is known today concerning nonionizing electromagnetic field interactions with the human body. Emphasis her e iss i mu1 tan e 0 usly 0 nth e two a d j e c t i ve s non ion i z i n g and h u manll, and in that respect the report is probably unique. In the past, while much was being written about certain electromagnetic waves (e.g. gamma, X, and cosmic rays) called ionizing radiation, it was generally assumed that others, called NIR (nonionizing radiation), had no effects besides rather obvious ones, which were either avoidable or controllable, such as heating and electric shock. More recently, this assumption has been reconsidered, but the resulting studies are overwhelmingly concerned with the effects of NIR not on humans but on plants, lower animals, and isolated organic substances. A small fraction do concern humans, however. If these human-related studies were collected together, and supplemented by interviews and other sources of information, what new and greater degree of understanding would result? This is the chief question which the report attempts to address. As part of the answer, many interesting and significant effects and theories were identified. Some relate to the vital issue of health and well being. For example, both theories and observations link nonionizing electromagnetic fields to cancer in humans, in at least three different ways: as a cause, as a means of detection, and as an effective treatment. Other effects are simply curious at this time: audible sounds produced by microwaves (i.e. IImicrowave hearingll); and visible flashes produced by magnetic fields (limagnetophosphenes ll ) at power line frequencies. These are just a small sample of the interactions which will be described in the next two sections of this report (Adverse~ Benign~ and Curious Effects and Beneficial II



II



II



Effects).



Perhaps as important as the interactions mentioned above are the theories and effects which are not yet known but probably could be with modest additional effort. Though the human body is complicated, much is known about it, from the macroscopic level to at least the microscopic level of individual protein molecules in cell membranes, and to some extent beyond that. This physiological knowledge, which 1.



is the subject of the fourth section (Physical and Physiological Foundations)~ combined carefully with existing electromagnetic theory could vastly improve the present state of knowledge. This conclusion will be discussed further in the last section (Borne Speculation and Areas for Further Research).



It is important to further develop the present state of knowledge for at least two very broad reasons. First, as technology improves man's capability for travel and manufacturing, his interactions with electromagnetic fields will increase in both intensity and frequency. In particular: •



Man is encountering new electromagnetic environments as he explores and utilizes regions beyond and beneath the earth's surface where he evolved. He may desire to take some sort of adaptive measures. Figs. 1 and 2 illustrate some features of the terrestrial electromagnetic environment. Fig. 1 shows that there is a quasi-static electric field varying slowly in intensity from 100-250 Vim (volts/ meter) over a 12-month period. Fig. 2 shows ELF (extremely low frequency) electric fields. Also shown for comparison are human electroencephalograms. The intent of the comparison is to imply that human functions and the electromagnetic environment are related .



•



Man is changing his terrestrial electromagnetic environment. Much of the change is a byproduct of industrial processes (e.g. welding and heating), communication (radio, television, and other forms of broadcasting), and energy transmission (e.g. power lines and the proposed solar power satellite). If he knew the consequences of these changes, he might wish to compensate for or enhance them. Fig. 3 shows the contribution to the environment of some existing manmade sources of electromagnetic fields. Figs. 4 and 5 show the expected contribution from the proposed solar power satellite.



2.



•



If he were certain that some interactions are medicinal or otherwise beneficial, man would desire to deliberately alter his electromagnetic environment.



The second broad reason to further develop the present state of knowledge is to eliminate world-wide confusion. This is evidenced by the great disparity among exposure standards promulgated and/or legislated in different nations. Some of these are compared in various ways by Tables 1 through 5 and by Figs. 6 through 8. It is seen that standards differ by as much as three orders of magnitude. The different tables and figures emphasize different parameters of the electromagnetic field as the basis for comparison. Some of them are: • • • • •



frequency duration of exposure field intensity, regardless of power density power density, regardless of field intensity modulation, electrical (due to waveform) or mechanical ( due to rotating antennas)



None of the tables or figures seem to emphasize one essential characteristic of the field, namely, polarization. As noted at the very beginning of this section, two major restrictions apply to this report. First, interactions are limited to those directly involving humans, in contrast to experimental animals and 0 the r 0 r gani s ms . Sec o.n d, 0 n1y non ion i z i ngel e c t rom a g net i era d i a tion is of interest. These restrictions are not as straight forward as they may seem and merit further discussion. The first avoids a controversial issue concerning scaling. That is, how can results of animal experiments be extrapolated to humans? Extrapolation is not possible at this time. As an example, researcher Dr. Mary Ellen O'Connor (Dept. of Psychology, University of Tulsa) observed that the drug thalidomide was proven clinically safe using laboratory rats, although the effect on humans was tragic. As



3.



another example, physician Sally Faith Dorfman (Center for Disease Control, Atlanta) noted that aspirin is lethal to laboratory rats. So, extrapolation can fail either way. Apparently beneficial effects can, in fact, turn out to be harmful, and viae versa. The second restriction requires a clear distinction between ionizing radiation and NIR, and actually there is none. Both forms of radiation are electromagnetic waves, and they seem to differ only in terms of frequency. Generally, ionizing radiation is at the high (in frequency) end of the spectrum, while NIR occupies the lower part. What frequency marks the dividing line between ionizing and nonionizing radiation? A standard definition for ionizing radiation was found; however, it is arbitrary and does not identify an abrupt physical threshold. According to that definition, all electromagnetic radiation with energy of 12.4 eV (electron volts) or greater per photon is ionizing. All with lesser energy per photon is not. The formula for the energy per photon of an electromagnetic wave is:



E: hv



(1)



where h = 6.626 x 10- 34 joules-sec and v is frequency. So, 12.4 eV is equivalent to about 2,998,000 GHz or a wave length of about 3,000 A (angstroms), which is in the ultraviolet band. (One angstrom is 10- 10 meters.) Table 6 and Fig. 9 show how this wave length and frequency relate to the rest of the electromagnetic spectrum. As already noted, the 12.4 eV definition is arbitrary. Readily available data, such as that listed in Table 7, show that many elements can be ionized with lower energy photons. Further, some can be ionized twice with photon energies still less than 12. eV. The table also shows that some compounds can be ionized with photon energies below those required to ionize any of their constituent elements. One familiar example is photo-ionization, which is the basis for photography, and occurs in the visible light band. So, the distinction between ionizing and nonionizing radiation is not precise, at least in terms of frequency and wave length. Based on the data available, however, it seems unlikely, though not impossible, that ~lectromagnetic waves well below about 1,000,000 GHz are ionizing. So, 4.



., this report is concerned chiefly with those lower frequencies. Note that ionization should not be confused with other single photon interactions. The latter are of interest here, and, in principle, they can occur at much lower photon energies, at frequencies below 1,000,000 GHz. These will be discussed briefly in the last section. One more preliminary technical note will help to clarify the discussions in later sections. This concerns the relationships among electric fields, magnetic fields, power densities, and electric currents. Some effects and theories will be described in terms of one or the other, as though fields, power, and currents are completely independent stimuli. In the human body, however, they are all interdependent. Electric currents and electric fields are related according to the formula, (2)



where:



...a



= total current density j = r-I w = 21T x frequency permittivity E: = electrical cr electrical conductivity ....E == electric field. J



Magnetic fields are related to electric fields according to Faraday's Law: (3)



....



where ~ is the magnetic permeability and H is the magnetic field . .... Finally, the power density S is related to the electric and magnetic fields by the formula, -~* s : :; -2.I E>< H



(4 )



So, the effects of one cannot be discussed without implicitly including all of the others. The only possible exception'is a static, uni5.



form (i.e. constant in both time and space) magnetic field, which can exist independently of both an electric field and a current density. This is a highly idealized situation because a human moving about in such a field effectively disrupts the uniformity. Information for this report was collected from a variety of sources. Written sources (over 1,000 in number) included journals, conference proceedings, technical reports, books, abstracts, and news items. Reportedly, over 5,000 pertinent written documents exist, and it is hoped that the ones examined are a representative sample. Additional sources included in-person meetings, telephone interviews, and lecture tapes. These provided information too recent for distribution in print, and guidance through the extensive literature.
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ELECTRIC FIELD OCCURRING NATURALLY AT THE SURFACE OF THE EARTH (TAKEN FROM PRESMAN, 1970).
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Electromagnetic waves, Schumann-Resonance;



II)



Local field fluctuations of about 3 Hz;



III) Local field fluctuations of about 0.7 Hz; IV)



Field fluctuation as a result of thunderstorm activity: a) Thunderstorm not yet visible on the horizon; b) Thunderstorm on the horizon;



V)



FIG. 2.



Sunrise appearance of signals. Compare Type I with EEG ~ rhythms and Type II with 0 rhythms.



SOME NATURALLY OCCURRING LOW FREQUENCY ELECTRIC FIELDS, WITH ELECTROENCEPHALOGRAMS FOR COMPARISON (FROM KONIG, IN PERSINGER, 1974).
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SOME NATURAL AND MANMADE SOURCES OF ELECTROMAGNETIC RADIATION (FROM DWYER & LEEPER, 1978).
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I POWER DENSITY IS 0.1 mW/ em! AT RECTENNA SITE EXCLUSION BOUNDARY



FIG. 4.



INCIDENT ELECTROMAGNETIC RADIATION FROM THE PROPOSED SOLAR POWER SATELLITE (FROM VALENTINO, 1980).
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Power Density Distribution (mW/cm 2 ) for a Single Hypothetical Rectenna Site



FIG. 5.



INCIDENT ELECTROMAGNETIC RADIATION FROM THE PROPOSED SOLAR POWER SATELLITE, AT DISTANCES FAR FROM THE RECEIVER (FROM VALENTINO, 1980).
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Occupational



Frequency



Exposure Duration



Public ---------



......



Canada 1 (Proposed)



5 rnW/crn 2



(I - 300 GHz)



No Iirnit



I rnW/crn 2



Czechoslovakia



0.01 rnW/cm 2



(0.3 - 300 GHz)



8 hours



0.00 I rnW /crn 2



Poland



0.2 rnW/cm 2



(0.3 - 300 GHz)



10 hours



0.0 I rnW /crn 2



Sweden



I rnW/crn 2



(0.3 - 300 GHz)



8 hours



None



U.S. 2



10 mW/crn 2



(0.0 I - 100 GHz)



No limit



None



U.S.S.R.



0.01 mW/cm 2



(0.3 - 300 GHz)



Entire workshift



0.00 I rnW /crn 2



N



TABLE 1.



I.



Canada is also proposing a I mW/cm 2 exposure Iirnit at 10 MHz - I GHz Frequency.



2.



Also with slight modification is the United Kingdom, German Federal Republic, Netherlands, and France. A new RFEM exposure guideline is being proposed by the American National Standards Institute (ANSI) that would cover the general population in the United States.



EXPOSURE STANDARDS FOR ELECTROMAGNETIC RADIATION (FROM DAVID , 1980).



...-----------;-----,-------,-------.-.---------.----.---.-.-...-.---r--·--·--·---------i--------·--·-··



Type



Standard



Frequency



Exposure limit



Exposure duration



C



W/



pulsed



Antenna Stationary/ Rotating



Remarks



·f



- - - - - - - + - - - - - f . - - --.----.--- .. - .--- ... -.... Occupa- 10 MHz tional 100 GHz



u.s. ANSI 1974 (305)



10 mW/cm 2 200 VIm 0.5 A/m



no limit



1 mWhr/cm 2



0.1 hour



pulsed



both



10 mW/cm 2



no limit



both



both



10-100 mW/cm 2 6000/X2 (min.)



both



both



CW



both



1 - - - - - - - + - - - _ . - - - - + - - - - - - + - - _ . - ----+-----.-----.--- .



- . - - - -.. - - - f - . - - - . - - -- -.. -



u.S. Army and Air Force 1965



Occupa- 10 MHz tional 300 GHz



(292)



1--------11------------1-----+----------+-----·--- .-------- ......- . X-power density in mW/cm 2



1---------1----+-------+-------_..- -----.-.--.---... -- .. ---- .-.u.s. Indust. Hygienist 1971 (306)



Occupa- 100 MHz tional 100 GHz



Canada Can. Standards Assoc. 1966 (307)



Occupa- 10 MHz tional 100 GHz .....



'----.--



Canada H&:W proposed (301, 313)



_. __ ..-



.. _....--.



10 mW/cm 2



8 hours



25 mW/cm 2 10 mW/cm 2 1 mWhr/cm 2



both



both



no limit



CW



both



pulsed



both



0.1 hour



..- .. - ...



1-300 GHz



~~O M~~z -



25 mW/cm 2



both



no limit -.



ino



--- .. -..



1



both



limit



both



both



--'I~-min~---



both



both



······-··---··---·----···--·-··---1--·--·--·····-



I I



I I



I



..



both both



:~:~:~:-H~-Z S~~:-/2-cm-2-~~~u~m- -'i-n-~-) - - -.- .+-.~-~:- :-~.-. - -.-.-.- - - ~ ~~~::---.~.~-=----.=------t_ I



X-powe, den,it



25 mW/cm 2



!any



I



_. TABLE 2.



y~--



in mW/m 2



t--------I--------i----------II-------~-----.-------.-------



10 MHz 300 GHz



·'-1 I



..



.... ---...... -. - - - - - - I I - - - - - - - - - - t - - - - - - - - - - - - - !I



General 10 MHz 1 mW/cm2 no limit both public 300 GH?: .. -- ... - - -..-.-.- -- .-.-.---- --------+-------4--_.------_._._--------_.. ! 8 hours both Sweden Worker Occupa- 0.3-300 GHz 1 mW/cm 2 Prot. Authority tional -.-. . 1976 (308)



I



I



-_.



-



1 mW/cm 2 5 mW/cm 2



..... - -'.'



10 min.



1--.- --.-....- - - - - - - - - - - ...---- .. ---...... --



1--_.- .. -.-. - ..- . . . -.



.-..... -



both



-------- - - - - - - - _ . _ + - - - - - - - - - - -



-- .....- - ---- ._. _._. __ ._._-_.



Occupa- 10 MHz tional 1 GHz



f-



both



- ._... _-- --._----'---------_._-_ .. _.. _-



... --



CW, pulsed both averaged J over 1 se_c_.-



Poland (1961)



>



300



Czechoslovakia (1965)



>



300



USA (1966) Canada (1966)



0.01-300 10-100 000 10-100 000



Maximum permissible intensity 100 mW/cm'" 150 mW/cm2 5 mW/cm 2 10 30 10 20



mW/cm L mW/ cm L mW/cmL mW/cm 2



Remarks Whole body Eyes Testes Whole body Whole body Whole body



1 mW/cm L 1 mW/cm 2 0.1 0.5 222 25 0.01



mW/cm 2 mW/cm 2 Vim Vim mW/cm 2



10 mW/cm 2 20 Vim 5 Aim 20 Vim 5 Vim 0.01 mW/cmL 0.1 mW/cm 2 1 mW/cm 2 0.01 mW/cm 2 0.1 mW/cm 2 1 mW/cm 2 0.025 mW/cm 2 0.01 mW/cm 2 10 Vim 1 (mW/cm2)hr 1 (mW/cm2)hr



6 hr daily 2 hr daily 15 min daily Entire workday 2-3 hr daily 15-20 min daily Cw operation}8*hr Pulsed op'n daily Every 6 min Every 6 min



*For shorter exposure, see Figs. 39 and 40. (See also Appendix.)



TABLE 4.



EXPOSURE STANDARDS FOR ELECTROMAGNETIC RADIATION (FROM MARHA & TUHA, 1971).



15.



Country. and Type of Standard USA (ANSI) Exposure Standard



Radiation Frequency and Waveform



Maximum Levels



Comments and Conditions



10 mW/cml



10 MHz - 100 GHz (all waveforms)



For periods of 0.1 hr or more. Whole and partial body. Reduction in high temperature environments, or for health reasons recommended. 1 mW.h/cm 1 Averaged over any 0.1 hr period. 10 mW/cml Continuous exposure. When power density (S) is in the 10-100 inW / cm 1 range, max allowed exposure time is 6OOO/Wl minutes, where S is expressed in mW /cml. 100 mW/cml No occupancy or protective clothing required. 0.1 - 1 mW/cml For a 20 min maximum exposure duration. Standard states: "Protective goggles mandatory. Power density must not then exceed 0.1 mW /cml for balance of work day". Radiation from adjustable or scanning antennae is allowed at this level for 2 hrs. 10 - 100 ~W /cm l For a 2 hrs maximum duration (then 10 ~W /cml for balance of work day). IO~W/cml Required limit for a 'work day', all sources, except adjustable or scanning antennae (100



50 MHz - 300 MHz (all waveforms)



5 Vim



30 - 50 MHz 3 - 30 MHz 60 kHz - 3 MHz 300 MHz - 300 GHz



10 Vim (or 0.3A/m) 20V/m 50V/m 25 ~W/cml



0.01 - 300 MHz 890 - 6000 MHz



10 Vim 1 - 5 mW/cm l



U.S.Army/ Air Force



USSR 1976 Industrial Safety Exposure Standard-



~W/cm2).



Czech. Soc. Rep. Exposure Standard USA: Product Emission Standard



(ISM Bands in this range)



Canada: Product Emission Standard



0.01 - 300 GHz



1 mW/cm l



5 mW/cml Canada: Recommended Exposure Limit



0.01 - 300 GHz



1 mW/cml



Levels in "work areas and other areas where personnel are permitted and occupationally exposed" ... shall not, in the course of the work day, exceed this value. Whichever is the greater. (or 5 A/m in the range 60 kHz to 1.5 MHz) 8 hrs/day, for CW waveforms; reduced to 10 p.W /cml for pulsed waveforms. 8 hrs/day Emitted by the product at full power operation; lower level when manufactured ("prior to acquisition "). 5 mW /cml max in use. Measured with specified load (275 ± 15 ml H 10 at 20 ± S "C), at full power, 5 cm or more from any external surfaces by an approved instrument with effective aperture «2S em 1, no dimension > 10 cm. Emitted by product at maximum output, at points "at least S em from the external surface of the oven", when the oven is loaded with a load equal to the water equivalent of the minimum operating load, as specified by the manufacturer, at 20 ± 5 "C. Instrument specified in standard. Emission at no load, if total microwave output is < 3 kW. A verage power density limit in any 1 hr period (max 2S mW /cm 1 averaged over 1 min).



-The reader is referred to the actual standards for more detail. Great caution is required in interpreting and translating standards.
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EXPOSURE STANDARDS FOR ELECTROMAGNETIC RADIATION.
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EXPOSURE STANDARDS FOR ELECTROMAGNETIC RADIATION, WITH EMPHASIS ON DURATION OF EXPOSURE (FROM JOHNSON & SHORE, 1975).
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EXPOSURE STANDARDS FOR ELECTROMAGNETIC RADIATION, WITH EMPHASIS ON FREQUENCY AND DURATION OF EXPOSURE (FROM LERNER, 1980).
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AMERICAN NATIONAL STANDARDS INSTITUTE PROPOSED EXPOSURE STANDARD FOR ELECTROMAGNETIC RADIATION.
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THE ELECTROMAGNETIC SPECTRUM, SHOWING IONIZING AND NONIONIZING REGIONS (FROM DAVID, 1980).



ZOo



Type of Radiation



Ionizing



Energy Range



Frequency Range



Wavelength Range



above 12.4 eV



above 3,000 THz



below 100 run



Ultraviolet



6.15-3.08 eV



1,500-750 THz



200-400 run



Visible



3.08-1. 76 eV



750-428 THz



400-700 nm



1. 76 eV-1. 24 meV



428 THz-300 GHz



700 nm-l mm



Microwaves



1. 2 meV-I. 2 lleV



300 GHz-300 MHz



1 mm - 1 m



EHF SHF UHF



1.2 meV-I00 lleV 100 lleV-12 lleV 12 lleV-l.2 lleV



300-30 GHz 30-3 GHz 3 GHz-300 MHz



1 mm - 10 nun 10 rom - 100 mm 100 mm - 1 m



Radar



200 lleV-900 neV



56 GHz-220 MHz



5.4 mm - 103m



1.2 lleV-l. 2 neV



300 MHz-300 KHz



1 m-llan



Infrared



Radiofrequency



TABLE 6.



THE ELECTROMAGNETIC SPECTRUM, WITH EMPHASIS ON THE NONIONIZING REGION (FROM DWYER, 1978).
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IONIZATION POTENTIALS



IONIZATION POTENTIALS OF THE ELE:\IENTS Different methods ha.ve been employed to measure ionization potentials. Abbreviations 01 the methods usod lor data listed in the lollowing table are: S; '"&tuum ultra\'iolet spectroscopy SI: Surface ionization. mass spectrometric EI; Electron impact with mass &nalysi!
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TABLE 21.



SOME CHARACTERISTICS ASSOCIATED WITH MICROWAVE HEARING (FROM LIN, 1980).
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Exposure level High (over 200 mW/cm') Low (10-200 mW/cm') None (control group)



TABLE 22.



Frequency of complaint, percentage Abnormal cardiac Neurological Brachycardia ST waves
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SURVEY OF 1300 CHINESE "MICROWAVE WORKERS" (FROM LERNER, 1980).
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Ordinate - frequency of changes in percentages; abscissa - main indicators: A - neurological, B - autonomic vascular and C - cardiac. White columns - control; oblique shading - persons of the first group, exposed previously to periodic action of microwaves of substantial intensities; dotted shading - persons of the second group working under conditions of exposure to microwaves of lower intensities. All indicators are presented with confidence limits. 1 - feeling of heaviness in the head, 2 - tiredness, 3 - irritability, 4 - sleepiness, 5 - partial loss of memory, 6 - inhibited dermographism, 7 - expressed dermographism, B - hyperhidrosis, 9 - bradycardia (upon counting), 10 - arterial hypotension, 11 - arterial hypertension, 12 - cardiac pain, 13 - dullness of the heart sounds, 14 - systolic murmur, 15 - bradycardia (according to ECG), 16 - lowering of deflections T I and T II.



FIG. 14.



CHANGES IN THE NERVOUS AND CARDIOVASCULAR SYSTEMS AMONG WORKERS EXPOSED TO MICROWAVES AND CONTROL SUBJECTS (FROM STUCHLY, 1978).



Years of work Percentages or headaches vs years or work. •• Exploatation; exploatation; D. repair.



FIG. 15.
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special



OCCURRENCE OF HEADACHES IN "MICROWAVE WORKERS" (FROM BARANSKI & EDELWEJN, IN TYLER, 1975).
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3 Years of work Percentages of oversweating vs years of work.



FIG. 16.



OCCURRENCE OF EXCESSIVE PERSPIRATION IN "MICROWAVE WORKERS" (FROM BARANSKI & EDELWEJN, IN TYLER, 1975).
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------------------------------------------------------15ol'V EEG tracings in an individual occupationally exposed for 5 years to microwaves (group R) while working in a repair shop.



FIG. 17.



SUBSTANTIALLY FLAT ELECTROENCEPHALOGRAMS OF "MICROWAVE WORKERS" (FROM BARANSKI & EDELWEJN, IN TYLER, 1975).
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Beneficial Effects Electromagnetic field effects have both established and developing uses in medicine. In addition, some alleged benefits have not been acknowledged in medical circles. Table 23 is a summary of various beneficial effects, at frequencies ranging from 0-434 MHz. Most of these are included in the broad category of electromagnetic diathermy. That is, electromagnetic fields are used to heat various parts of the body. It is generally believed that heat stimulates the natural healing and/or defense mechanisms to relieve or cure the ailment. Of all known effects, relief by diathermy is probably the oldest, beginning in 1892 when D'Arsonval observed tissue heating due to low frequency electric currents. Comprehensive text books on the technique appeared by the early part of this century (e.g. Danzer et al, 1938). The table also includes two techniques, however, which have been used only recently compared to diathermy. They are: bone healing and hyperthermia. The table shows that Brighton and Friedenberg have used microampere currents to mend stubborn bone fractures. Not shown is similar work by Bassett, who reportedly used 75 Hz pulsed currents of only a few nanoamperes to produce bone healing. Note that in either case, the currents are so small that heating probably is not part of this effect. With respect to hyperthermia, the table shows that Holt and Nelson reported positive results in the treatment of a great variety of cancers. Briefly, the objective of hyperthermia is to raise the temperature of cancerous tissue to 4245 degrees Centigrade. In that range, the cancer cells tend to die, but healthy cells manage to survive as they would during a high fever. The reason for the preferential survival is generally attributed to the relatively poor circulatory system of cancerous tissue. That is, lack of blood prevents the cancer cells from dissipating lethal amounts of heat energy. Electromagnetic hyperthermia is increasingly used as part of cancer treatment, as indicated by Tables 24 through 26 and Figures 18 and 19. Table 24 shows that three different frequencies (27, 915, and 2450 MHz) are used. The chief reason is that the electro50.



magnetic spectrum is regulated, and only certain frequencies have been reserved for such use. These constitute the ISM (Industrial, Scientific, and Medical) band and include the frequencies 13, 27, 40, 915, 2450, and 6000 MHz. Note that Holt and Nelson (Table 23) used 434 MHz in Australia, but that frequency is not available in the United States. Of the ISM band, 915 MHz is closest to a physic~l optimum, in the sense that absorbed power is maximum for much bulk tissue. Table 25 shows how hyperthermia is used in conjunction with more traditional forms of cancer therapy, such as chemotherapy and ionizing radiation. The latter seem to be so much more effective when used simultaneously with hypert~ermia that only very small doses (about 10% of the usual amount) are required. Therefore, the toxic side effects are largely avoided and prolonged treatment is feasible. Table 26 shows how hyperthermia is realized at a variety of local sites on or in the body, and some of the associated· problems. Electromagnetic fields are applied using specialized antennas. In medicine, these have been given a special name, lIapplicators Typically, they couple 1-100 watts into various parts of the body. Figs. 18 and 19 show two different applicators. The bean bag type is suitable for the surface of the body. The coaxial type is designed for use inside the body. The tables and figures do not include a number of both traditional and experimental electromagnetic field effects. The former include: defibrillation; various types of shock treatment; and diagnosis using the body's own electromagnetic signals, such as the electrocardio- and electroencephalogram. The novel ones include at least two diagnostic techniques, microwave thermography and microwave scanning. Microwave thermography is a passive technique similar to radiometry. The electromagnetic signature of cancerous breast tissue seems to be unique. The advantage over conventional X-rays is the apparent lack of toxic effects. Two different frequencies are presently being used, 3.3 and 1.3 GHz (Barret and Myers, 1979). Microwave scanning is a bistatic radar system. That is, the transmitting and receiving antennas are at different (in this case, opposite) sites. Evidently, microwaves passing through an organ can be used to construct a high resolution image of it, rivaling ll



•
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those obtained using conventional X-rays. This is possible in part due to the high bulk dielectric constant of tissue, so that, at a fixed frequency, a wave length in the organ is about onen i nth what it \10 u 1 d be ina i r . For e x amp 1 e, at 3 GHz a wa vel eng t h is only 1.1 centimeter. For purposes of radar imaging, the smaller the wave length, the greater the resolution. The advantage over X-rays is apparent lack of toxic effects. Finally, one controversial beneficial effect concerns negative airborne ions. Reportedly, these can impart a feeling of exuberance and general well being. Positive ions reportedly have the opposite effect. This belief supports a world wide ion generator industry.
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NUMBER OF SUBJECTS



RESEARCHER



20



3-70 Hz



Dikova (Bulgaria)



87



II ra dar



Ben ta 11 (U K)



50



500 Hz



Nikoruikina (USSR)



152



IImicro\'1ave



Brighton & Friedenberg (United States)



57



r~annheimer



(SVJeden)



Deeell e, Lorthiour, et al (Belgium) Novak (Czechoslovakia Holt & Nelson (Australia)



TABLE 23.



27.12 MHz



141



1300



Relief of arthritis pain. 30 watts



ll



o Hz



o Hz



434 MHz



EFFECTS



FIELD STRENGTH/ POWER DENS lTV



FREQUENCY OR BAND



Cured sterility i n vwmen.



Accelerated bruise healing. ll



40 watts



10-20 microamps



Relief of chronic colitis and pancreatic disorders. Healed bone fractures.



1.5 watts



Cured arterial ulcer; relief from varicose veings, eczema, arthritis; healed bone fractures.



40-480 garrunas



Relief/cures relating to bronchial asthma, neuralgia, epilepsy, stenocardia, photodermatoses. Improvement in patients with cancers of the: head, neck, breast, bone, liver, brain, lung, abdomen, rectum, bladder, sarcomata, lymphomata.



BENEFICIAL EFFECTS CITED BY KLEINSTEIN & DYNER, 1980.



Tumor Location Breast Breast Skin Lung Leg Leg Leg Foot Eye Head and neck Prostate Cheek Axilla Abdomen Abdomen Scalp Vagina



TABLE 24.



Pathology Adenocarcinoma-local recurrence Adenocarcinoma-local recurrence Metastasis from cancer of breast, post-mastectomy Carcinoma Liposarcoma-recurrence-post surgery Disseminated metastatic melanoma Squamous carcinoma Primary melanoma Primary melanoma Primary melanoma, carcinoma of tonsils, sarcoma of tongue, squamous carcinoma Carcinoma Carcinoma Metastatic skin lesion from breast carcinoma Skin metastasis from sarcoma of colon Pelvic metastasis from colorectal adenocarcinoma Metastasis from lung carcinoma Melanoma



Treatment Method 2450-MHz cross-fire conformal applicators 2450-MHz ceramic waveguide applicator 915- and 2450-MHz air-filled waveguide applicators 27-MHz water-filled ridged waveguide applicator 27-MHz water-filled ridged waveguide applicator 2450-MHz ceramic waveguide applicator 2450-MHz conformal applicator 2450-MHz ceramic waveguide and conformal applicators 2450-MHz ceramic waveguide applicator 915- and 2450-MHz ceramic waveguide applicators 915- and 2450-MHz coaxial applicators and 27-MHz water-filled ridged waveguide applicator 2450-MHz cross-fire conformal and coaxial applicators 2450-MHz conformal applicator 2450-MHz conformal applicator 27-MHz water-filled ridged wave applicator 2450-MHz ceramic waveguide and conformal applicators 2450-MHz ceramic waveguide applicator



PROFILES OF CASES AND MODALITIES OF HYPERTHERMIA (FROM STERZER ET AL, 1980).



Anatumic Extent Whole Body



Regional



c.n c.n Localil.cd



TABLE 25.



Method lIot air and/or radiant heat 1I0t water by immersion Hot water by space suit Melted paraffin by immersion Perfusion -cx tracorpureal heat exchange Microwave and hot ilir cabinet (Siemens) 1I0t water by immersion



Temperature



41-41.5 40 39.5-42 41-41.8 41.5-42 43-43.6 46-47



Radiant heat -visible and infrart·d Perfusion



43-45



Capacitive Rr-



42-50



Inductive RF Irrigation



41-63 41-45



Capacitive RF



48.4



Inductive RF



42.8-45



38-45



Ultrasuund



43.5



Microwave



42-44



Adjuvant Therapy



Time 5-21 h



2Y1 h



X-ray



•



90 min- Systemic 5h chemotherapy 90 min- Cytotoxic drugs 4h Cytutoxic drugs 5h



Cumments and Considerations Cumbersomc-limited access to patient Slow temperature control



•



•



Surgical procedure



Parks



• Limited to



extremitic~



*



•



•



•



Von Ardenne Larkin, Bull Pettigrew



30 min- X-ray, chemotherapy, Surgical procedure cytotoxic drugs 8h Skin and rat burns have 30 minbeen a problem. 3h 35 min Bladder tumors, peritoneal 1-3 h cavity 30 min3h 30 min- X-ray • Ih Best f",using. Relle,tions, 30min caviatiun, and hone heating arc prohlems. Deep heating (lO CfII) diffj· 12-20 min cult with noninvasive (NI) applicators.



• • •



Warren



Limi ted access to pa tien t



•



40 min1h 67 min X·ray, cytotoxic drugs 20 min



Rtfcrences



•



Morieca Crill: Lehmann Cavaliere, Stehlin, Shingleton, Woodhall LeVeen, Storm Storm lIall et a/. Ludgatc LeVcen, G. Hahn Kim and lIahn, V()n Ardenne G.llahn



Sandhu, Dick",n. Mendecki, Sal1laris, c:/ a/.



REPORTED HYPERTHERMIA MODALITIES (FROM SHORT & TURNER, 1980).



Site



Estimated Ncw Cases



Estimatcd Deaths



Buccal cavity and pharynx Esophagus



24400



8650



8400



S4JJnach



Po."iblc Regional ur Lucal lIyperthermic Apprnaches ULT CAP IND MIC NI



NI



NI



NI



7500



OR



NI



OR



23 000



14100



NI



OR



Colon



77 000



42800



NI OR NI



NI



Rectum



35 000



9100



OR



NI



Liver and biliary Pancreas



11600



9200



NI



NI



NI



23 000



20200



NI



NI



Nl



NI OR OP OR IN NI IN NI OR



Larynx



10400



3500



NI



112 000



97500



6400



3350



NI



106900



34500



Nl



13600 53 000



4300 10700



NI



Uterus



Ovary



17 000



II 100



Prostate



64 000



21 000



NI



Brain



11600



9500



IN



NI



Thyroid Leukemia



9000 21 500



1000 IS 400



NI



Nl



NI



Lymphoma



38500



20300



NI



Nl



NI



Bladder



35 000



10000



Nl



OR



Kidney



16200



7500



Nl



NI IN



765 000



395 000



or



Lung Bone and connectivc tissue Breast ~Ielanoma



All sitcs



NI



NI NI



Nl



Nl



OR IN



NI



Nl



OR



Nl



NI IN NI OR IN



or NI



NI



NI OR NI OP NI



NI



or NI OR IN OP



Problems and Considerations Proximity to eyes, complex geometry-reflections, uneven heat deposition. Specialized applicators. Hig.h vascular perfusion. Local metastases at first diagnosis. Large blood vessels adjacent. Difficult thermometry (danger of mediastinitis). Local mctastases at first diagnosis. Difticult geometry and placement of applicators. Some success with WBII and hyperthermic irrigation. Right colon not acct!ssiblc by orificial applicator (too deep). Adjacent loops of bowel containing liquids and gases. Thermometry difficult. Metastases in regional lymph nodes may be diffh;ult to heat. Most sensitive tissue to heat. Largc organ. Usually good differential heating of tumors. Gall bladder contents may overheat. Deep, inaccessiblc. Intestinal mucosa arc heat sensitive. Thermometry difficult. May require surgical implantation-active and passive radiators and temperaturc probes. Good candidate for hyperthermia-accessible. early symptoms, second chancc laryngectomy if hyperthermia fails. Often far advanced at first diagnosis. metastasis common. Geometry dirficult-air. bone. major vessels. Thermometry tricky. Commonly mctastasize to lung. Problems relate to size and location, etc. Deep surface against musde may be harder to heat. Metastases to axillary lymph nodes often small (1 mm). Synchronous phased array? Metastasize widely. Nonsurgical candidates have Iort-inn f1!WAv~m.;~Selected by Author{s}} 18. Distribution Statement
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electromagnetic interactions of molecules with metal ... - CiteSeerX 

In a certain sense the electromagnetic and quantum ... Here the second equation is Faraday's law of induction, the third is Gauss's law, and the fourth we call.
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electromagnetic interactions of molecules with metal ... - CiteSeerX 

This discussion is pertinent to a large class of experiments on fluorescence and Raman scattering from molecules on metal-island films [51â€”53], on.










 


[image: alt]





Interactions between the human gastrocnemius ... - Research 

changes to be uncoupled from that of the whole muscleâ€“tendon unit (MTU) length .... ensured that at least ten strides of good data were collected for each individual. .... and hence there will be both zero stress and zero strain. (Ishikawa et al.
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