Biological Effects of Radiofrequency Radiation from
Wireless Transmission Towers

Henry Lai
Bioelectromagnetics Research Laboratory
Department of Bioengineering
University of Washington
Seattle, WA

Wireless transmission towers for radio, TV, and communication
transmissions, and radars emit radiofrequency radiation (RFR). Once
emitted, the radiation travels in space at the speed of light and
oscillates during propagation (like waves in the ocean). How many
times a radiation oscillates in one second is its frequency.
Radiofrequency radiation covers the frequency range of 10 KHz to
300 GHz. [One Hz (hertz) is one oscillation per second. One KHz
(kilohertz) is 1000 Hz and 1 GHz (gigahertz) is 1,000,000,000 Hz.]
Different frequencies of RFR are used in different applications. For
example, the frequency range of 5.4 to 16 KHz is used in AM radio
transmission, and 76 to 108 MHz [1 MHz (megahertz) = 1,000,000
Hz] for FM radio, cell phones use frequencies between 800 to 900
MHz, and RFR of 2450 MHz is used in microwave cooking.

The intensity of RFR is called the power density. Generally, it is
measured in milliwatt/square centimeter (mW/cmz). However, effect
depends on how much of the radiation energy is absorbed in the body
of a living organism. Absorption of RFR by an object depends on
many factors such as the frequency and intensity of the radiation, the
water content and size and shape of the object, etc. Absorption of
radiofrequency radiation is determined by the specific absorption rate
(SAR), which is the rate of energy absorbed. Specific absorption rate
is measured in watt/kilogram (W/kg) of tissue. Specific absorption
rate is a more reliable determinant and index of RFR biological
effects than power density. In addition to SAR, there are some
indications that biological effects may also depend on hoWner%
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is deposited in the body. This is related to the ‘modulation’ or ‘wave-
form’ characteristics of the radiation. For example, the same amount
of energy can be delivered to a tissue ‘continuously’ or ‘in short
pulses’. Different biological effects may result.

Since the intensity of RFR decreases with the distance from the
source, exposure to RFR from transmission towers is of low intensity.
But the exposure is of long duration, since a person living close to a
transmission tower can be exposed to the radiation for many hours
each days. Thus, the relevant questions are: (1) do biological/health
effects occur after exposure to low-intensity RFR? and (2) do effects
cumulate over time, since the exposure is of long duration and usually
intermittent?

Then, one may ask the question. WHAT IS LOW-INTENSITY
RFR?

For POWER DENSITY, the US guidelines is between 0.2 - 1
mW/cm®. At 100-200 ft from a cell phone base station, a person can
be exposed to a power density of 0.001 mW/em® (e, 1
microwatt/cm®). The SPECIFIC ABSORPTION RATE (SAR) at
such a distance can be 0.001 W/kg (i.e., 1 milliwatt/kg), whereas the
US guideline level for SAR is between 0.08 - 0.4 W/kg. Thus, lets
define low-intensity exposure as to a RFR of power density of 0.001
mW/cm’, or a SAR of 0.001 W/kg.

So, do biological effects occur at low intensity? Here are some
examples of biological effects occurred in cells and animals after
exposure to low-intensity RFR:

(1) De Pomerai et al. [2000] reported an increase in molecular stress
response in cells after exposure to a RFR at a SAR of 0.001 W/kg.
This stress response is a basic biological process that is present in
almost all animals including humans.



(2) Dutta et al [1989] reported an increase in calcium efflux in cells
after exposure to a RFR at 0.005 W/kg. Calcium is an important
component of normal cellular functions.

(3) Fesenko et al. [1999] reported a change in immunological
functions in mice after exposure to a RFR at a power density of 0.001
mW/cm®.

(4) Magras and Xenos [1999] reported a decrease in reproductive
function in mice exposed to RFR at power density of 0.000168 -
0.001053 mW/cm®,

(5) Persson et al. [1997] reported a leaky blood-brain barrier in mice
exposed to a RFR at 0.0004 -0.008 W/kg. The blood-brain barrier is a
structure that envelops the brain and protects it from toxic substances.
(6) Phillips et al. [1998] reported DNA damage in cells exposed to
RFR at SAR 0f0.0024 - 0.024 W/kg.

(7) Velizarov et al. [1999] showed a decrease in cell proliferation
(division) after exposure to a RFR of 0.000021-0.0021 W/kg.

There are many other reports in the recent research literature showing
biological effects in cells and animals after exposure to low-intensity
RFR. Of course, we don’t know whether these effects occur in
humans exposed to low intensity RFR or whether the reported effects
are health hazardous. However, it is very clear that low intensity
RFR is not biologically inert.

Majority of the research studies on RFR was carried out with short-
term exposure, i.e., minutes to several hours. Little is known about
the effects of long-term exposure, especially on effects of exposure
spread out over months and years. What are the effects of long-term
exposure? Does long-term exposure produce different effects from
short-term exposure? Do effects cumulate over time?

There are some evidence that effects of RFR cumulate over time.
Here are some examples. Phillips et al. [1998] reported DNA damage
in cells after 24 hours of exposure to a low intensity RFR. DNA
damage can lead to gene mutation, which cumulates over time.



Magras and Xenos [1999] reported that mice exposed to low-intensity
RFR became less reproductive. After five generations of exposure,
the mice were not able to produce offspring. This shows that the
effect of RFR can pass from one generation to another. Persson et al.
[1997] reported that the blood-brain barrier in mice became leaky
when the energy deposited in the body exceeded 1.5 J/kg [J (joule) is
a measure of the total amount of energy deposited.] This suggests
that a short-term/high intensity exposure can produce the same effect
as a long-term/low intensity exposure. This is another indication that
RFR effects can cumulate over time.

Now, let us consider what can happen after long-term exposure to
RFR? There is some indication that an animal becomes more
sensitive to the radiation after long-term exposure. Let us consider
the critical experiments that contribute to the setting of the present US
RFR-exposure standards. These are the ‘Behavior-Disruption
Experiments’ carried out in the 1980s. There are two major
experiments.

In the first experiment, de Lorge and Ezell [1980] trained rats on an
‘auditory observing-response task’. In the task, an animal was
presented with two bars. Pressing the right bar would produce either
a low-pitch or a high-pitch tone for half second. The low-pitch tone
signaled an “‘unrewarded’ situation and the animal was expected to do
nothing. However, when the high-pitch tone was on, pressing the left
bar would produce a food reward. Thus, the task required continuous
vigilance in which an animal had to coordinate its motor responses
according to the stimulus (high pitch or low pitch tone) presented.
After learning the task, rats were then irradiated with 1280-MHz or
5620-MHz RFR during performance. Disruption of behavior (i.c., the
rats couldn’t perform very well) was observed at a SAR of 3.75 W/kg
for 1280-MHz and 4.9 W/kg for 5620-MHz. Disruption occurred
within 30-60 minutes of exposure.



In another experiment, de Lorge [1984] trained monkeys on a similar
‘auditory observing-response task’. Monkeys were exposed to RFR
of 225, 1300, and 5800 MHz. Disruption of performance was
observed at 8.1 mW/cm” (SAR 3.2 Wi/kg) for 225-MHz, 57 mW/cm®
(SAR 7.4 W/kg) for 1300 MHz, and 140 mW/cm® (SAR 4.3 W/kg)
for 5800 MHz. The disruption occurred when body temperature was
increased by 1°C.

The conclusion from these experiments is that ‘disruption of behavior
occurred when an animal was exposed at a SAR of approximately 4
W/kg, and disruption occurred after 30-60 minutes of exposure and
when body temperature increased by 1°C.” Thus, the 4 W/kg figure is
used in the setting of the present US RFR exposure guidelines. With
this, the limit for occupational exposure was set at 0.4 W/kg (i.e., 1/10
of the SAR when effect was observed) and for public exposure 0.08
W/kg (i.e., 1/5 of that of occupational exposure).

The studies described above are effects of short-term exposure (less
than 1 hour). So, what are the effects of long-term exposure? The
same investigators of the above short-term exposure experiments
reported two series of experiments in 1986 on the effects of long-term
exposure. Here are the results.

D’Andrea et al. [1986a] exposed rats to 2450-MHz RFR 7 hours/day,
7 days/week for 14 weeks at a SAR of 0.7 W/kg. They reported a
disruption of behavior. They [D’Andrea et al., 1986b] also exposed
rats to 2450-MHz RFR 7 hours/day, 7 days/week, for 90 days at 0.14
W/kg and found a small but significant disruption in behavior. The
experimenters concluded, “the threshold for behavioral and
physiological effects of chronic (long-term) RFR exposure in the rat
occurs between 0.5 mW/cm® (0.14 W/kg) and 2.5 mW/cm® (0.7
W/kg).” Thus, RFR can produce an effect at much lower intensities
after an animal is chronically exposed. This can have a very
significant implication on people exposed to RFR from transmission

towers.



However, other biological outcomes also have been reported after
long-term exposure to RFR:

(1) Effect was observed after prolonged/repeated exposure but not
after short-term exposure [e.g., Baranski, 1972; Takashima et al.,
1979].

(2) Effect, that was observed after short-term exposure, disappeared
after prolong/repeated exposure (habituation) [e.g., Johnson et al.,
1983; Lai et al., 1987, 1992].

(3) Different effects were observed after different durations of
exposure [e.g., Dumanski and Shandala, 1974; Lai et al., 1989].

In conclusion, effects of long-term exposure can be quite different
from those of short-term exposure.

One may ask, “Is it true that RFR produces no effect below 4 W/kg
after short-term exposure?”

There are actually many studies showing that biological effects occur
at a SAR less than 4 W/kg after short-term exposure to RFR. For
example, effects on behavior have been observed at a SAR less than 4
W/kg. (D’Andrea et al [1986a,b] 0.14 to 0.7 W/kg; DeWitt et al.
[1987] 0.14 W/kg; Gage [1979] 3 W/kg; King et al. [1971] 2.4 Wkg;
Lai et al. [1989] 0.6 W/kg; Mitchell et al. [1977] 2.3 W/kg;
Navakatikian and Tomashevskaya [1994] 0.027 W/kg; Schrot et al.
[1980] 0.7 W/kg; Thomas et al. [1975] 1.5 to 2.7 W/kg; Wang and
Lai [2000] 1.2 W/kg).

There are questions on whether an effect is thermal (i.e., a significant
change in temperature) or non-thermal (i.e., no significant change in
temperature), since the present guidelines are based on thermal effect
(e.g., a change of body temperature of 1°C). However, we don’t need
to know whether RFR effects are thermal or non-thermal to set
exposure guidelines for RFR exposure. Anyway, most studies on
biological effects of RFR carried out since the 80s were under ‘non-
thermal’ conditions. In studies using isolated cells, the ambient



temperature during exposure was generally well controlled. In most
animal studies, the RFR intensity used usually did not cause a
significant increase in body temperature of the animals exposed.

However, do non-thermal effects exist? There are several arguments
for the existence of non-thermal effects:

(1) There are reports that RFRs of the same frequency and intensity
but with different modulations and wave-forms produce different
effects [Arber and Lin, 1985; Baranski, 1972; Frey et al., 1975; Oscar
and Hawkins, 1977; Sanders et al., 1985].

(2) RFR triggers effects different from an increase in temperature
[D'Inzeo et al., 1988; Seaman and Wachtel, 1978; Wachtel et al.,
1975].

(3) Effects are observed with RFR of very low intensities, when
temperature increase is unlikely [e.g., dePomerai et al., 2000].

Conclusion:

(1) Biological effects do occur after a short-term exposure to low
intensity RFR. However, potential health hazardous effects of such
exposure to humans are not clear.

(2) Not much is known about the biological effects of long-term
exposure. The effects of long-term exposure can be quite different
from those of short-term exposure.

(3) The present US guidelines for RFR exposure are not up-to-date.
The most recent IEEE Guidelines only included research data up to
1985. In addition, effects of long-term exposure and ‘modulations’
are not considered. Therefore, the guidelines are questionable in
protecting the public from possible harmful effects of RFR exposure.
(4) Exposure of the general population to RFR, e.g., from wireless
communication devices and transmission towers, should be limited to

a minimal.
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