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GENERAL PROBLEMS IN RESEARCH ON MICROWAVES AND RF

The effects of human exposure to microwaves range from direct thermal effects causing pain to unknown
effects of microwaves in anti-materiel systems. The possible medical effects induced by the use
microwaves in non-lethal weapon systems are difficult to evaluate. In spite of extensive research and wide
use of cell phones and wireless phones, the available scientific evidence does not show that any health
problems are associated with using wireless phones. There is no proof, however, that wireless phones are
absolutely safe. Wireless phones emit low levels of radiofrequency energy (RF) in the microwave range
while being used. They also emit very low levels of RF when in the stand-by mode. Whereas high levels
of RF can produce health effects (by heating tissue), exposure to low-level RF that does not produce
heating effects causes no known adverse health effects. Many studies of low-level RF exposures have not
found any biological effects. Some studies have suggested that some biological effects may occur, but
such findings have not been confirmed by additional research. In some cases, other researchers have had
difficulty in reproducing those studies, or in determining the reasons for inconsistent results.

A few animal studies have suggested that low levels of RF could accelerate the development of cancer in
laboratory animals. However, many of the studies that showed increased tumor development used animals
that had been genetically engineered or treated with cancer-causing chemicals so as to be pre-disposed to
develop cancer in the absence of RF exposure. Other studies exposed the animals to RF for up to 22 hours
per day. These conditions are not similar to the conditions under which people use wireless phones, so we
don’t know with certainty what the results of such studies mean for human health.

Three large epidemiology studies on the health effects of RF have been published since December 2000.
Between them, the studies investigated any possible association between the use of wireless phones and
primary brain cancer, glioma, meningioma, or acoustic neuroma, tumors of the brain or salivary gland,
leukemia, or other cancers. None of the studies demonstrated the existence of any harmful health effects
from wireless phone RF exposures. However, none of the studies can answer questions about long-term
exposures, as the average period of phone use in these studies was around three years. A combination of
laboratory studies and epidemiological studies of people actually using wireless phones would provide
some of the data that are needed. Lifetime animal exposure studies could be completed in a few years.
However, very large numbers of animals would be needed to provide reliable proof of a cancer promoting
effect if one exists. Epidemiological studies can provide data that is directly applicable to human
populations, but 10 or more years’ follow-up may be needed to provide answers about some health effects,
such as cancer. This is because the interval between the time of exposure to a cancer-causing agent and
the time tumors develop - if they do - may be many, many years. The interpretation of epidemiological
studies is hampered by difficulties in measuring actual RF exposure during day-to-day use of wireless
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phones. Many factors affect this measurement, such as the angle at which the phone is held, or which
model of phone is used. http://www.fda.gov/cellphones/.

ADS

An interesting example new NLT directed energy system is the development of the Active Denial System
(ADS) or the millimeter wave weapon. This entirely new directed energy system can emit and converge
94 GHz waves on objects at a distance of several hundred metres and thereby induce heating of the skin of
an exposed person. This type of waves cannot penetrate more than a few hundred microns into the body.
The entire energy content is therefore delivered in the superficial layers of the skin and this results in a
local heating that stimulates heat sensitive endings of local pain nerve fibers. The Air Force Research
Laboratory (AFRL) at Brooks City Base in San Antonio played an important role in the medical research
that was necessary to evaluate the effects and possible hazards. These studies included a lot of solid
studies on dose-response relations and threshold effects (Mason et al., 2001; Millenbaugh et al., 2006;
Nelson et al., 2003; Ryan et al., 2000; Walters et al., 2004). This appears to be a good example of how
basic medical research can be used to increase safety in a new NLW system.

HPM

Pulsed microwave weapons based on high power microwaves (HPM) represent another example of
directed energy non-lethal weapons. Such systems aim to interact with and destroy electronic equipment.
However, the possible biological effects represent an issue of concern since there are similarities in
wavelength with mobile cell phones. Typical systems operate at frequencies between 1-3 GHz and can
penetrate large biological objects. Due to the short pulses in these systems non-thermal effects are in
focus, since heating of the tissue is unlikely. Suggested effects of cell phones are assumed to be thermal,
and therefore not relevant to HPM. Some groups have reported defects in the Blood-Brain Barrier and
nerve cell death in rats exposed to GSM cell phones (Belyaev et al., 2006; Salford et al., 1994; Salford et
al., 2003). These results are controversial and need to be verified by other groups.

HPM

Pulsed microwave weapons based on high power
microwaves (HPM) can destroy electronic
equipment

However, the possible biological effects represent
an issue of concern since there are similarities in

wavelength with mobile cell phones

Typical systems operate at frequencies between 1-
3 GHz and can penetrate large biological objects
Due to the short pulses in these systems non-
thermal effects are in focus, since heating of the
tissue is unlikely

HPM sources do not seem to induce cell death or Blood-Brain Barrier defects. Changes in cytoskeleton
proteins have been reported only after a number of pulses that are much higher than realistic for practical
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use of HPM weapons (Risling et al., 2005; Risling et al., 2001). For technical reasons it is difficult to
exclude thermal effects also in HPM experiments, due to for example artefacts induced by recording
electrodes (de Pomerai et al., 2000; Tattersall et al., 2001; Walters et al., 1998). The former WEAG
countries have defined Common European Priority Area for research. One of these projects is
ERG101.006 RF Biological Effects Research with the aim to produce scientific evidence to advise safety
standards for exposure of defence personnel to radio frequency (RF) fields. It focuses on non-thermal
effects of novel pulsed military sources. This is a collaboration project between UK, Italy, Belgium, the
Netherlands, Spain and Sweden. Pulsed microwave weapons based on high power microwaves (HPM) is
one of the areas in the project and this research area is still active and possible biological effects are much
more difficult to analyse for these complicated non-lethal weapons than for traditional systems such as
kinetic impact.

KINETIC ENERGY

The security forces in Northern Ireland have used Baton Rounds since 1973 and they are intended to cause
painful non-lethal injuries. The type of injury is, more or less, a blunt trauma with a superficial injury that
is a roughly 4 cm in diameter circular abrasion and an area of surrounding contusion. However, they have
the potential to cause serious injury and a number of lethal head or thoracic injuries were observed during
the first years of use (Metress and Metress, 1987). Head and eye injuries as well as fatal thoracic injuries
have also been reported from Israel and African countries (Balouris, 1990; Jaouni and O'Shea, 1997,
Kalebi and Olumbe, 2005; Mahajna et al., 2002). The safety in use of Baton Rounds has significantly
increased by a careful empirical medical evaluation that was performed on the initiative of the Home
office and the Northern Ireland Office (NIO), leading to improved design (the attenuated energy
projectile) and strict rules for training and use (Burrows, 2001; Hughes et al., 2005; Maguire et al., 2007).
This work has drastically decreased the number of lethal head injuries and increased public acceptability.

Baton Rounds

The attenuated energy projectile has a comparatively soft end that reduces the risk for fatal head injuries,
but transmits energy rather effectively to soft body regions. Training in the Northern Ireland police is
rigorous and restricted to relatively few policemen.
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ELECTRO-MUSCULAR DEVICES

This group of NLT includes stun guns that are used in direct contact with the object and variants of the
Taser electroshock gun that can be used at a distance up to 7 meters with good effect and accuracy. The
Taser induces an instant, but transient, muscular paralysis. It is an important NLT for the police in several
countries. It is also the most debated of modern non-lethal weapons. This may be partly dependent on the
fact that the exact mechanisms for effect of the Taser, the widespread uncontrollable muscular
contractions, still are partly unknown. The muscular and possible cardiovascular effects of exposure to
Taser have been examined in experimental animals (Jauchem et al., 2006; Lakkireddy et al., 2006) and
observations in numerous human volunteers (Ho et al., 2006). There are a lot of data from the use of the
advanced Taser in many countries. Perforating ocular injuries have been described (Chen et al., 2006). The
Taser M26 and X26 systems have been carefully evaluated by authorities in many countries. Such
information has been compiled on the ILEF NLW database. Some features in the Tasers provide
protection against possible misuse. The Taser can disperse confetti with serial numbers when it is fired.
This links the specific Taser to the scene where it is used. The X26 can be employed with the Taser Cam,
a videocamera system that can be used to document deployment of the gun.

Cocaine, not stun gun, faulted
death of homeless man, 31

e Miramar officer won't face charges

- o - - Selarieosmnki aprpross beed 21
Jrres e I foel t's messad it wou be e fera
e mad - yeas veicras of |ury ¥
e duked  up that the Elli
e
= officers can get -
:
+. away with this so
ik the
= EAsily.”
- -~ LA DLLMGTON
P

Tests: Taser gun not factor
in death of homeless man

Taser gun cleared in man’s dy t h\_\. ht"{ :

xid et way pro-
baned on b

W TASER

q 1009

The question of

in-custody death

The most debated issue with the Taser gun is the possible relation to in custody deaths. A number of
deaths in people with a recent history of Taser exposure have received a lot of attention. The typical case
is a death a few hours after exposure, which seems to exclude acute direct electrical effects on the heart. In
a recent review of 75 cases (Strote and Range Hutson, 2006), it was found that there was a history of drug
abuse in more than 85% of these examined cases. More than 50% had signs of cardiovascular pathology
that could have contributed to death. 75% had developed a condition called Excited Delirium (ED). The
ED patients are by definition violent and combative (Di Maio and Di Maio, 2006). They have an increased
body temperature and may develop muscular breakdown (rhabdomyolysis) (Ruttenber et al., 1999). They
can also attain a serious heart muscle rhythm disturbance, a prolongation of the QT interval that may lead
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to the fatal torsades de pointes (Brice et al., 2003). A similar rytm disturbance has been observed in a
limited number of psychiatric patients treated with combinations of neuroleptics (antipsychotic drugs), or
in patients that suddenly finish their medication with neuroleptics (Morrison and Sadler, 2001).

Risk factors for ED

= Prolonged use of cocaine
= Amphetamine

= Certain antipsychotic drugs
e Toxic neu tic syndrome
L]

drugs

Cocaine abuse is a major factor for the development of ED (Blaho et al., 2000). Drugs like cocaine induce
a number of serious changes in the body of the abusers like effects on the transport of dopamine and
serotonin (transmittor substances) in the brain (Mash et al., 2003; Mash et al., 2002; Mash et al., 2000).
These changes at the chemical level in the brain seem to increase the risk for ED development. Other
cocaine-induced chronic effects are cardiac hypertrophy and cardiomyopathy, which seem to increase the
risk for fatal heart arrhythmias such as torsades de pointes. Thus, a cocaine abuser which turns into an ED
patient has a significant risk for sudden death. A prolonged combat-like situation preceding restraint may
elevate the likelihood for in custody death for the cocaine abuser (Brice et al., 2003; Stratton et al., 2001).
Excited, aggressive and confused cocaine abusers and psychiatric patients in an acute confusional state
have a high probability for being exposed to a Taser. Today, it is getting more and more obvious that such
ED patients should be subjected to a careful medical examination after restraint, regardless if they have
been exposed to Taser or not. However, a continuous development of new Taser systems and the
uncertainty concerning the mechanisms for the muscular effects of the gun obviously necessitates further
medical evaluation. The question of safety and sudden death is currently addressed in a number of ongoing
studies. Thus, it is possible that the issue of ED and in custody deaths is not specific for the Taser gun.
Anecdotic reports on occurrence of sudden deaths after exposure to pepper spray could indicate that this
outcome should be considered in all situations of restraint with drug addicts. However, not all drugs seem
to increase the risk for ED. Central stimulants such as cocaine and amphetamine appear to have a higher
ED risk profile than the opoids. It may be of importance to analyze the drug abuse pattern in different
cultures and countries. A number of US police departments develop strict rules for medical examination of
people exposed to Taser. It is suggested that similar rules should be adopted if Tasers are employed for use
in police-like actions during international military missions.

However, a continuous development of new Taser systems and the uncertainty concerning the
mechanisms for the muscular effects of the gun obviously necessitates further medical evaluation. The
question of safety and sudden death is being addressed in a number of ongoing studies.
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