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The HPWREN team is creating, demonstrating, and evaluating a non-commercial, prototypical, and high-performance, wide-area, wireless network in San Diego County. The network consists of backbone and access sites transmitting over the unlicensed frequencies of 2.4 and 5.8 GHz respectively.  The high performance backbone network (5.8 GHz) is comprised of 45Mbps duplex point-to-point links.  The access points (2.4 GHz) are located in hard to reach areas and are comprised of point-to-point and point-to-multipoint links.
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Abstract
While conducting research for the National Science Foundation-funded High Performance Wireless Research and Education Network (HPWREN), the authors became interested in issues surrounding radiofrequency (RF) safety recommendations, suggested exposure limits, and thermoregulation research. In order to establish appropriate RF field work procedures and educate HPWREN users and collaborators about RF biological effects issues, the authors conducted a literature review that focused on both human subject and animal studies. Though the literature review revealed inconclusive results regarding long-term impact of low-power radiofrequency upon biological effects such as thermoregulation, it was concluded that point-to-point microwave antennas used by research projects like HPWREN are well below the recommended safety limits established by the Federal Communications Commission. 
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While electromagnetics can impact biological systems, the extent of effect depends upon the system itself (e.g., plants, animals, humans), the intensity of the frequency, and the amount of energy in the photons (World Health Organization, 1998). The World Health Organization further explains that a biological effect “occurs when exposure to electromagnetic waves cause some noticeable or detectable physiological change in a biological system.” The Federal Communications Commission (FCC) further claims that a biological effect differs from a biological hazard; that is; an effect does not necessarily constitute a hazard (Cleveland and Ulcek, 1999).

Whether the biological system is that of an animal or a human, radio waves constantly impinge the body and the amount of energy absorbed depends on the body shape and size as well as the radiofrequency (RF) intensity; therefore, the difference between an effect and a hazard is largely dependent upon the body shape and size (WIRC, 2001). This RF energy that affects the body is typically referred to as thermal, which leads us to our discussion regarding thermoregulation and current research findings.

Historically, the United States federal government has relied upon RF exposure safety guidelines developed by expert non-governmental organizations. The current guidelines, for example, were established in 1996 when the FCC adopted exposure limits that were based upon recommended exposure criteria issued by the National Council on Radiation Protection and Measurements (NCRP) and the American National Standards Institute with the Institute of Electrical and Electronics Engineers (ANSI/IEEE) (Cleveland and Ulcek, 1999).
For example, the Maximum Permissible Exposure (MPE) limits adopted are based upon criteria quantified in terms of Specific Absorption Rate (SAR). Specifically, Cleveland and Ulcek (1999) state that “potentially harmful biological effects can occur at a SAR level of 4 W/kg as averaged over the whole body.” With this SAR level in mind, the researchers explain two tiers of exposure limits: one tier is designated for occupational exposure (controlled environments) and the other is designated for the exposure of the general population (uncontrolled environments). The exposure limits adopted by the FCC in 1996 for transmitters operating at frequencies from 300 kHz to 100 GHz are shown in Table 1. 
Only recently have scientists started measuring human exposure to RF in controlled environments, and many of these studies yield somewhat inconclusive results. Nonetheless, scholars such as Adair, Kelleher, Mack, and Morocco (1998); Adair, Mylacraine, and Cobb (2001a and 2001b); and van den Bergh, van den Boogert, and Heerschap (2000) provide useful insight with their experimental human research findings (see Table 2).

In 1998, Adair, Kelleher, Mack, and Morocco exposed seven healthy adult humans (both males and females) to 450 MHz continuous wave (CW) radiofrequency. The 45-minute dorsal exposure was comprised of local peak SAR levels up to 7.68 W/kg. Though mild thermogenic reactions did occur, the human subjects efficiently counteracted the effects with normal heat loss mechanisms such as sweating.  

Adair, Mylacraine, and Cobb (2001a and 2001b) conducted two additional experiments involving both CW and pulsed wave (PW) RF, with an intensity of 2450 MHz. Again, the experiments included seven healthy human adults (both males and females) and 45-minute dorsal exposures with SARs up to 7.7 W/kg. Yet again, this study revealed that the subjects’ core temperature did not increase during exposure, due to efficient sweating and peripheral blood flow. Adair, Mylacraine, and Cobb (2001a) compared this study’s exposure conditions to “solar exposure at midday in summer (minus the UV exposures).” 
Though van den Bergh, van den Boogert, and Heerschap (2000) completed a similar RF study involving five healthy male humans, their research results concentrated on skin temperatures–rather than core temperatures. Specifically, the scientists exposed the subjects to 60 minutes of RF with SAR levels of 6.5, 12, and 22 W/kg. Results in temperature increases were below 40 degrees Celsius, which is the limit established by the Federal Drug Administration. 

Even though bioengineering scholar Kenneth Foster (2000) often discusses validity issues and the potential for bias among such studies, he also perceives epidemiological studies involving human subjects as viable indicators that current RF exposure recommendations by the FCC do not allow for harmful biological effects upon humans.

On the other hand, research focused on the thermal effects of RF on animals might also be considered, as these studies are much more existent than such human subject studies. Results from two such investigations conducted by Frei, Heinmets, and Jauchem (1984) and Liddle (1994) are also illustrated in Table 2. Specifically, Frei, Heinments, and Jauchem exposed Sprague Dawley rats to 5.6 GHz RF at SAR levels of 6 and 12 W/kg. The exposure lasted until core body temperature reached 39.5 degrees Celsius for three cycles. Correlations between changes in heart rate provided the researchers with data to deduce that “such exposures would probably not have serious long-term physiological consequences.”
Liddle (1994) exposed CD 1 mice to 2.45 GHz continuous wave microwaves at SAR levels of 2.0 and 6.8 W/kg.  The higher SAR exposure level “significantly shortened the mean lifespan of the mice.” Liddle further indicated that exposure to microwaves might also results in “mild thermal stress or other chronic biological or psychophysiological conditions.”
Meanwhile, studies on nonthermal effects of RF suggest that radiation might be harmful at levels below that which is necessary to cause tissue heating. For example, Lai and Singh (1995) examined levels of DNA single-strand breaks in the brain cells of rats exposed to 2450 MHz . In the first of two experiments, 2450 MHz pulsed at 500 pps resulted in an increase of DNA single-strand breaks in brain cells after four hours of exposure. In the second experiment, the effects of 2450 MHz continuous wave were investigated; the single-strand breaks were observed in the microwave exposed rats at both the two-hour and four-hour intervals. Lai and Singh concluded that “acute microwave exposure increases DNA single-strand breaks in brain cells of the rat.”
Case control human subject studies are not as common; however, research conducted by Grayson (1996) indicates that RF exposure may be harmful to humans at non-thermal levels. Specifically, Grayson evaluated United State Air Force subjects for working microwave exposure; all subjects had been diagnosed with brain tumors between 1970 and 1989. Grayson revealed that working microwave exposure resulted in a higher occurrence of brain tumors when adjustments were made for race and age. Grayson also reported that “a risk of brain tumors was identified from simply attaining the position of an officer.” Therefore, though Grayson’s findings are interesting, they may be considered inconclusive.
Summary

Because the authors were only able to locate few studies that scientifically measured human subjects exposed to low-power RF, the conclusion focuses on a need for further research in this area. As the general public often expresses concern related to health problems, such as cancer and RF fields (Repacholi, 1997), it is important for additional studies to confirm via science that there is no link between RF exposure and health hazards. However, the general public should also be better educated regarding the current FCC limits (Cleveland and Ulcek, 1999) for RF exposure: SAR for controlled (occupational) exposure (100 KHz - 6 GHz) is <0.4 W/kg (whole-body) and < 8 W/kg (partial-body) while SAR for general uncontrolled exposure (100KHz – 6 GHz) is <0.08 W/kg (whole-body) and <1.6 W/kg (partial body). Additional research is also necessary to determine the effect of RF exposure in light of varying environmental factors.

Table 1.  FCC Limits for Maximum Permissible Exposure (MPE)
Cleveland and Ulcek (1999)
(A)
Limits for Occupational/Controlled Exposure
	Frequency Range

(MHz)
	Electric Field Strength (E)

(V/m)
	Magnetic Field Strength (H)

(A/m)
	Power Density (S)

(mW/cm^2)
	Averaging Time |E|^2,|H|^2,or S (minutes)

	0.3-3.0
	614
	1.63
	(100)*
	6

	3.0-30
	1842/f
	4.89/f
	(900/f^2)*
	6

	30-300
	61.4
	0.163
	1.0
	6

	300-1500
	--
	--
	f/300
	6

	1500-100,000
	--
	--
	5
	6


(B)
Limits for General Population/Uncontrolled Exposure

	Frequency Range

(MHz)
	Electric Field Strength (E)

(V/m)
	Magnetic Field Strength (H)

(A/m)
	Power Density (S)

(mW/cm^2)
	Averaging Time |E|^2,|H|^2,or S (minutes)

	0.3-3.0
	614
	1.63
	(100)*
	30

	3.0-30
	824/f
	2.19/f
	(180/f)*
	30

	30-300
	27.5
	0.073
	0.2
	30

	300-1500
	--
	--
	f/1500
	30

	1500-100,000
	--
	--
	1.0
	30


f=frequency in MHz


*Plane-wave equivalent power density

NOTE 1: Occupational/controlled limits apply in situations in which persons are exposed as a consequence of their employment provided those persons are fully aware of the potential for exposure and can exercise control over their exposure. Limits for occupational/controlled exposure also apply in situations when an individual is transient through a location where occupational/controlled limits apply provided he or she is made aware of the potential for exposure.

NOTE 2: General population/uncontrolled exposures apply in situations in which the general public may be exposed, or in which persons who are exposed as a consequence of their employment may not be fully aware of the potential for exposure or can not exercise control over their exposure.

Table 2. Significant Studies Involving Thermal Biological Effects of Low-Power RF Exposure
	Investigators
	Date
	Methods
	Subjects
	       Study Findings

	Adair

Kelleher

Mack

Morocco
	1998
	-450 MHz continuous wave RF-45-min dorsal exposure

-SARs > 7.7 W/kg
	Seven healthy human adults (males and females)
	Mild thermogenic reactions occurred, but the subjects counteracted with normal heat mechanisms (e.g., sweating).

	Adair

Mylacraine

Cobb
	2001
	-2450 MHz continuous wave and pulsed wave RF

-45-min dorsal exposure

-SARs > 7.8 W/kg
	Seven healthy human adults

(males and females)
	As in 1998 studies, core temperature did not increase during exposure, due to efficient sweating and peripheral blood flow.

	van den Bergh

van den Boogert Heerschap
	2000
	-concentrated on skin temperature measures

-60-minute exposure

-SAR levels of 6.5, 12, and 22 W/kg
	Five healthy human adults

(males)
	Results in temperature increases were below 40 degrees Celsius (FDA limit).

	Frei, Heinmets, Jauchen
	1984
	-5.6 GHz 

-6 or 12 W/kg
	Sprague Dawley rats
	Such exposures are unlikely to have serious long-term physical consequences.

	Liddle
	1994
	-2.45 GHz continuous wave

-2.0 or 6.8 W/kg
	CD 1 mice
	The higher exposure level significantly shortened the mean lifespan of the mice.
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