2.9, Non-ionizing Radiation

Non-ionizing radiation is contained within the electromagnetic spectrum from radio through infrared, visible and ultraviolet frequencies. It consists of that portion of the electromagnetic spectrum where the energy of each quanta of photon is insufficient to break a chemical bond when absorbed.  The dividing line lies at the border of ultraviolet and X-ray/gamma radiation.  

Higher energy photons of X-rays and gamma rays contain enough energy that when they strike electrons in the outer shells of molecules, the energy transferred is sufficient to cause the electron to escape and create an ion in its wake.  A photon of lower energy imparts additional quanta of energy to the electron and raises it to a higher state, but does not cause the electron to escape.  Obviously, some electrons are more tightly bound to their parent nuclei, and thus require higher levels of energy.  Therefore, this border between ultraviolet and ionizing radiation is somewhat fuzzy. 

From the point of view of aviation, however, most of the significant amounts of non-ionizing radiation are in the form of radar and visible light.  Radio-frequency (RF) radiation consists of wavelengths ranging from 105 meters to 10-3 meters, or those of frequencies less that 1016 Hertz (Hz). This includes magnetic fields, which are in the 30-1000 Hz range. At these frequencies, magnetic fields do not interact with the human body and have no biologic effect.  Measurements of magnetic fields in aircraft show no changes due to the presence of humans, so effectively there is no interface. Other studies of extremely high magnetic fields in power plants have demonstrated some effects but more work needs to be done.
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Police Radar Speed Trap, Texas

The RF band between 10-3 and 10-1 meters is called microwaves, and contains the wavelengths used for radar. The primary frequencies for radio communications are found between 10-1 meters and 102 meters (recall that C=wavelength x frequency).  The primary risk of exposure to radio frequency radiation in the aviation environment is through radar.  Aircraft radars are generally not powered until the aircraft has left the ground, and most small radars used for weather and ground mapping, are insufficiently powerful to transmit enough energy to be harmful. The power density of any radar, measured in watts/cm2 should be known and can be used to determine if an overexposure has occurred. The occupational limit is 10milliwatts/cm2 for six minutes. Radars, like microwave ovens, simply heat the object they strike by transferring energy.  It is a thermal effect depending upon the degree of absorption by the target.  Microwave ovens used in the kitchen are specifically designed to radiate at a frequency optimally absorbed by water.  However, that frequency is ineffective for use in radar systems on aircraft, since the purpose is to detect water vapor as clouds and reflect off them – not be absorbed.

Nevertheless, it is possible that a radar left powered up on the ground may overexpose personnel, particularly during maintenance.  Ground handlers must be cautious around radar units, and a device known as an interlock is built in to every radar system, including tower-mounted surveillance radars.  In these systems, opening the radome or entering the cabinet automatically disconnects the power to the system, much like opening the door to a microwave oven automatically turns it off.  This is an inherent engineering safety feature of radars. Anyone who is exposed should have a medical examination, including one by an eye specialist, within 24 hours. Core body temperature should be measured immediately to determine if significant heating has occurred.
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On newer aircraft, radar is automatically turned off when the aircraft touches down.  Initial fears of microwave radiation generating cataracts proved to be unfounded when it was discovered that the amounts of radiation required to heat the lens to the point of denaturing the internal proteins was so high as to alert any potentially exposed individual because of severe heat and discomfort long before such damage could occur.  The most serious accidents have occurred with military radar systems, particularly high-energy radio emitters, known as electronic countermeasure jammers.  The very high-intensity radio emitters are specifically designed to jam and damage radars on the ground.  In one case, a narrow radar beam was emitted as a technician leaned on the radome. He suffered significant thermal injury to his liver with elevation of all enzymes and later findings of fibrosis. In another military case, a worker received whole body irradiation sufficient to cause hyperthermia and CNS injury.
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Ultraviolet radiation is the most problematic of the non-ionizing radiation exposures. Ultraviolet causes unique DNA damage known as a thymine dimer. When absorbed by DNA, adjacent thymine bases will break their bonds to the conjugate base on the DNA helix and bond to each other. When this DNA reproduces, the copy will have a two base deletion on this site, shifting the triplet codon and generating a mutation error. 

We know that UV-A, extending from 3.2 x 10-7 meters, to about 4 x 10-7 meters (320-400 nm), and UV-B, from 290-320 nm, have the potential for causing skin cancer and cataract formation.  The third class of ultraviolet, UV-C (200-290 nm) does not penetrate the atmosphere. There is a slightly higher incidence of cataracts in airline pilots and in other professions, such as fishermen, who are extensively exposed to ultraviolet in their environment.  Protection against cataracts is provided by ultraviolet-shielded sunglasses, and protection against skin cancer may be obtained by sunscreens.  In aircraft, the windshields are composed of glass and plastic laminates which provide 95% protection against UV-A and 99.99% against UV-B. 

[image: image3.jpg]



Sunglasses-protection against UV but not laser radiation.

The most significant impact on safety from non-ionizing radiation remains high-energy exposure to visible light in the form of lasers, which is covered in the next section.

