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By Anthony J. Sanders (sanderstony@live.com) 
Purple spiderwort turns from blue to pink a few weeks after exposure to as little as 1.5 mSv. Symptoms of radiation exposure are convulsions, vascular damage, cardio vascular collapse, keloids, cancers and birth defects.  In light of the Fukushima accident the global community has resolved to phase out, abolish and replace nuclear reactors with alternative energy sources; preferably the solar home and computer, although wind and hydroelectric are more practical in many climates; that must be budgeted in the next few decades.  The World Health Organization (WHO) has classified cellular phones as possibly causing cancer.  Hospitals & Asylums (HA) and the U.S. Food and Drug Administration (FDA) Center for Devices and Radiological Health (CDRH) have concurred that CD/DVD laser writers emit radiation and hypothesize that remotely sabotaged can be made to emit a dose of radiation as high as 5 mSv per hour.  A dose of 100 mSv can be sickening and a 1 Sv dose is known to cause the vomiting indicative of mild radiation sickness, 2-4 Sv moderate, 4-6 Sv severe, 6-8 Sv very severe and >8 Sv 100% lethal.  Please remove the CD/DVD writer from your computer if dissatisfied with its performance or your health.  Buy a netbook.  Radiation emission tables must be re-published for lasers under 21CFR(I)(J)§1040.10 (h)(ii)(2) and for cellular phones §1050.10(e)(1) and 47CFR§1.1307(b)(2).  Both products demand the component or circuit failure tests that limited the maximum amount of radiation that could be emitted by sabotaged televisions to 0.005 mSv per hour at a distance of five (5) centimeters under 21CFR§1020.10(c)(3)(iii).  Mandatory minimum schemes must be eliminated and “remote control” restored to unlawful radiological dispersal devices under 18USC(113B)§2332h.  The Nuclear Regulatory Commission (NRC) should reinvest funds allocated to new nuclear plants to refinance the Low Energy Income Assistance Program (LEAP) as a tax credit on Department of Energy (DoE) utility licenses under 42USC(94)§8621.
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Part I Effects of Radiation on Biological Life  
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Fukushima fused international will to terminate the construction of nuclear power projects and transition to alternative energy sources.  The area surrounding the leak will need to be evacuated for thousands of years (Sanders ’11) it is proposed to plant the area(s) surrounding Fukushima and other sites of concern with Purple spiderworts.  Purple spiderworts (Tradescantia bracteata) are natural radiation detectors, the stamen hairs on these sensitive wildflowers change from blue to pink when exposed to as little as 150 millirems of radiation, 1.5 millisieverts (mSv) (Weiss et al ’91: 169). Lower levels of radiation than are detectable by scientific instruments.  The stamens of the Spiderwort flower are usually blue or blue-purple. Within a couple weeks of being exposed to 1.5 mSv radiation, the stamens turn pink. Spiderwort is found from Montana to Kansas eastward to Michigan and Indiana. Spiderworts are very distinctive late spring/early summer prairie wildflowers.  Growing knee-high, their (usually) blue flowers stand out among the green of the new grass.  Each blossom lasts only one day. The stems, leaves and flowers of spiderworts are edible.  The herbage may be eaten raw or added to stews.  The flowers may be pink, blue or rose-purple and make an attractive edible garnish for salads.  Spiderworts may be easily propagated from stem cuttings or seeds (Mason ’11)
.
On April 30, 2011 it was reported to the FDA that broken DVD/CD writers emit dangerous levels of radiation, and are possibly remotely triggered, particularly in association with the Low-Income Energy Assistance Program (LEAP) ultra vires the responsible fines and tax credits of utility companies licensed by the Department of Energy (DoE) under 42USC(94)§8621.  If your DVD writer is broken or you suffer any of the symptoms of radiation poisoning, please remove the DVD writer from your computer.  Small netbooks without disc drives are being sold at stores at lower prices and vendors will upload the memory of your old computer.  On May 25, 2011 Sharon M. Davis from the Center for Devices and Radiological Health (CDRH) wrote to confirm that CD ROM/ DVD writers contain lasers that are known to emit radiation.  Laser stands for Light Amplification by the Stimulated Emission of Radiation.  LEDs (Light Emitting Diodes) are different from laser diodes and are not subject to the Federal laser product performance standard.  FDA and GPO versions of Title 21 Code of Federal Regulations (CFR) concur, references to the CFR are to chapter I of title 21 subchapter J under 21CFR(I)(J)§1000.1
.  

Radiation exposure can damage living cells, causing death in some of them and modifying others.  Most organs and tissues of the body are not affected by the loss of even considerable numbers of cells. However, if the number lost is large enough, there will be observable harm to organs that may lead to death. Such harm occurs in individuals who are exposed to radiation in excess of a threshold level. Other radiation damage may also occur in cells that are not killed. Such damage is usually repaired. If the repair is not perfect, the resulting modification will be transmitted to further cells and may eventually lead to cancer. If the cells modified are those transmitting hereditary information to the descendants of the exposed individual, hereditary disorders may arise.  Radiation sickness applies to the acute effects of ionizing radiation on the whole, or major part, of the body when the dose is greater than about 1 gray (Gy) of X rays or gamma rays, or 1 sievert (1 Sv) of other types of radiation.  Radiation damage to other tissues, such as the skin and lining of the respiratory tract, may cause complications, but total-body doses of less than 2 Gys are unlikely to be fatal to an otherwise healthy adult.  However, despite the most intensive medical care, few people survive doses of more than 6 Gy (UNSCEAR ’00).

Table 1: Radiation Units

	Unit
	Description

	Becquerel
	The SI unit of radioactrivity.  Once Becquerel (symbol Bq) is defined as one disintegration (or other nuclear transformation) per second.  Although the number of becquerels is a measure of how strongly radioactive is particular source is it takes no account of the different effects of different types of radiation on tissue, for medical purposes, the sievert is generally more useful.

	Gray
	The SI unit of absorbed dose of ionizing radiation, the gray (symbol Gy) has superseded the rad.  One gray is defined as an energy absorption of 1 joule per kilogram of irradiated material.  One gray is equivalent to 100 rads.

	Rad
	An acronym for radiation absorbed dose, the rad is a unit of absorbed dose of ionizing radiation.  One rad is equal to an energy absorption of 100 ergs (an erg is a unit of work or energy) per gram of irradiated material.  The rad has been superseded by the gray (the corresponding SI unit), 1 rad is equivalent to 0.01 grays.

	Rem
	An acronym for roentgen equivalent man, the rem is the absorbed dose of ionizing radiation that produces the same biological effect as 1 rad of X rays of gamma rays.  The rem was introduced as a result of the observation that soe types of ionizing radiation, such as neutrons, produce a greater biological effect for an equivalent amount of absorbed energy than X rays or gamma rays.  In short the rem is a measure of the biological effectiveness of irradiation.  For X rays and gamma rays the rem is equal to the rad.  For other types of radiation, the number of rems equals the number of rads multiplied by a special factor (called the quality factor or relative biological effectiveness) that depends on the type of radiation involved.  The rem has been superseded by the Sievert in the SI system of units, 1 rem is equivalent to 0.01 sieverts.

	Sievert
	The SI unit of equivalent absorbed dose of ionizing radiation, the Sievert (symbol Sv) has superseded the rem.  One Sievert is the absorbed dose of radiation that produces the same biological effect as 1 gray of X rays or gamma rays.  One Sievert is equivalent to 100 rems.


Source: Clayman, et al ’89: pp. 845

Symptoms of radiation sickness include convulsions, vascular damage, cardio vascular collapse, keloids, cancers and birth defects (Weeramantry ’11).  For a population of all ages and both genders exposed to an acute dose of 1 Sv, it is suggested that the lifetime risk estimates for solid cancer mortality increases 9% for men and 13% for women (UNSCEAR ‘00). There is strong epidemiological evidence that exposure of humans to radiation at moderate and high levels can lead to excess incidence of solid tumors in many body organs and of leukemia. Statistically significant elevations in risk are observed at doses of 1 to 2 Gy and above.  Cardiovascular disease and other non-cancer disease occurs at doses of about 1 to 2 Gy (UNSCEAR ’10).  Total-body doses of less than 2 Gys are unlikely to be fatal to an otherwise healthy adult.  However, despite the most intensive medical care, few people survive doses of more than 6 Gy (Clayman, et al ’89: 844). Cancer usually occurs many years after exposure, typically five to 15 years for leukemia, and 40 years or longer for skin, lung, breast and other cancers.  Heritable genetic damage is another form of radiation damage.  The International Commission on Radiological Protection has concluded that the total risk factor for death from radiation-induced cancers is about one in 100 per Sievert of radiation absorbed.  The risk of a hereditary disorder occurring within the first two generations following irradiation of either parent is also thought to be about one in 100 per Sievert, and the additional risk to subsequent generations is thought to be the same (UNSCEAR ’10). Radiation may be the leading cause of the morbidity and mortality we saw in the 20th century when electronic products first became available to the consumer, rather than tobacco that releases only trace amounts of radium to the lungs without the addition of the phosphate fertilizer Apatite – which contains radium, lead-210, and polonium-210.  With increasingly stringent regulations governing radioactive emissions the radiological health of household electronic products has improved over the decades (EPA ’09).  
Table 2: Biological Effects of Significant Doses of Radiation in Humans
	Dose
	Symptoms
	Treatment

	>8 Gy
Lethal
	Rapid onset nausea, vomiting, anxiety and disorientation within minutes.  Within hours, the victim loses consciousness and usually dies from central nervous system syndrome - direct damage to nervous system and edema (fluid) in the brain.  
	Lymphocyte count 0 to 100 mm\3\. Blood transfusion. Isolation in sterile environment. Mortality 100%.

	6-8 Gy

Very Severe
	Rapid onset nausea, vomiting, severe headache, severe diarrhea, high fever and altered consciousness less than 30 minutes after exposure for 7 days.
	Lymphocyte count 100-300 mm\3. Blood transfusion. Lymphocyte count 300-500 mm\3\ White rice and Immodium (Loperamide) for diarrhea and the antiobiotic Bactrim (sulfamethoxazole/ trimethoprim), blood transfusion. Isolation in sterile environment, until the bone marrow recovers. Mortality 50-100%.

	4 – 6 Gy
Severe
	Rapid onset nausea, headache, fever vomiting and mild diarrhea less than an hour after exposure, as a result of radiation damage to the gastrointestinal tract, known as gastrointestinal syndrome, which causes severe and frequently bloody diarrhea and overwhelming infection due to damage to the immune system for 8-17 days  
	Lymphocyte count 300-500 mm\3\ White rice and Immodium (Loperamide) for diarrhea and the antiobiotic Bactrim (sulfamethoxazole/ trimethoprim), blood transfusion. Isolation in sterile environment, until the bone marrow recovers. Mortality 20-70%.

	2– 4 Gy
Moderate
	Transient nausea, headache and occasional vomiting may occur within 1-2 hours but these early symptoms usually disappear within 18 to 35 days and are often followed by a two-to-three-week period of well-being.  By the end of this period, the effects of radiation damage to the bone marrow and immune system begin to appear, with repeated fever, infections and petechiae (pinpoint spots of bleeding under the skin).  
	Lymphocyte count 500-800 mm\3\ Bactrim (sulfamethoxazole/ trimethoprim). Blood transfusion. Isolation in sterile environment, until their bone marrow and immune system recovers. Mortality 50%. 

	1-2 Gy
Mild
	Vomiting within two hours. Rapid vascular damage and cardiovascular collapse.  Fatigue weakness for 21 -35 days.  Radiation dermatitis, cataracts or failure of various organs, may occur after years of exposure; lifetime risk of solid cancer mortality increases 9% for men and 13% for women, birth defects. 
	Eliminate exposure to radioactivity or keep below dangerous levels. Lymphocyte count 800-1500 mm\3\ Bactrim (sulfamethoxazole/ trimethoprim) GI friendly non-carcinogenic antibiotic, as needed. Mortality 0%

	100-200 mGy

Subclinical
	Elevated risk of solid tumors, leukemia, and cataracts, possibly sensitive to cardiovascular and auto-immune conditions.
	Eliminate exposure to radioactivity. Potassium iodide tablets prevent iodine-131 absorption, Prussian blue helps the body excrete caesium-137


	1.5 mGy milligray
Scientifically 

Undetectable
	Within a couple weeks of being exposed to more than 1.5 mGy the stamens of the Purple spiderwort (Tradescantia bracteata) turn from blue to pink.
	Use to determine if there are high levels of radiation.  Eat flowers in salads, leaves in stews.


Source: Christodouleas et al ‘11
The effect of exposure to radiation depends critically on the dose and the time course over which it is received.  Above acute exposures above 8 Gy, there is a rapid onset of nausea, vomiting (which may be repeated and severe) anxiety and disorientation.  Within a few hours, the victim usually loses consciousness and dies as a consequence of direct damage to the nervous system from the radiation, and to edema (accumulation of fluid) of the brain, these effects are known as the central nervous system syndrome.  People who have received radiation doses of 6-8 Gy also experience an early onset of nausea and vomiting, which tend to start within about two hours of exposure as a result of radiation damage to the gastrointestinal tract, which causes severe and frequently bloody diarrhea (known as the gastrointestinal syndrome) and overwhelming infection due to radiation damage to the immune system.  At doses of 4-6 Gy, transient nausea and occasional vomiting may occur, but these early symptoms usually disappear rapidly and are often followed by a two-to-three-week period of well-being.  However, by the end of this period, the effects of radiation damage to the bone marrow and immune system begin to appear, with repeated infections (which may be fatal unless treated with antibiotic drugs) and petechiae (pinpoint spots of bleeding under the skin) (UNSCEAR ’00).  Mild exposures of 1-2 Sv cause vomiting within two hours, rapid vascular damage and cardiovascular collapse, fatigue and weakness for 21 -35 days.  Radiation dermatitis, cataracts or failure of various organs, may occur after years of exposure; lifetime risk of solid cancer mortality increases 9% for men and 13% for women, and there may be birth defects (Christodouleas et al ’11).
Table 3: Effects of Electric Current in the Human Body

	Current
	Reaction

	Below 1 milliampere
	Generally not detectable

	1 milliampere
	Faint tingle

	5 milliamperes
	Slight shock felt, average individual can let go

	6-25 milliamperes (women)
	Painful shock, loss of muscle control

	9-30 milliamperes (men)
	The freezing current or " let-go" range. Individual cannot let go, but can be thrown away from the circuit if extensor muscles are stimulated.

	50-150 milliamperes
	Extreme pain, respiratory arrest, severe muscular contractions. Death is possible.

	1 – 4.3 amperes, 1,000 – 4,300 millamperes
	Rhythmic pumping action of the heart ceases. Muscular contraction and nerve damage occur; death likely.

	10 amperes, 10,000 milliaperes
	Cardiac arrest, severe burns; death probable


Source: OSHA (2002)

Electricity is not considered radioactive, but it poses a serious workplace hazard, highly associated with radioactivity.  Electricity exposes employees to electric shock, electrocution, burns, fires, and explosions. In 1999, for example, 278 workers died from electrocutions at work, accounting for almost 5 percent of all on-the-job fatalities that year.  OSHA's general industry electrical safety standards are published in Chapter 17 of  Title 29  of CFR, Part 1910.302 through 1910.308 -- Design Safety Standards for Electrical Systems.  Shipyard standards cover limited electrical safety work practices in 29CFR§1915.181. Pure water is a poor conductor. But small amounts of impurities in water like salt, acid, solvents, or other materials can turn water itself and substances that generally act as insulators into conductors or better conductors. Dry wood, for example, generally slows or stops the flow of electricity. But when saturated with water, wood turns into a conductor. The same is true of human skin. Dry skin has a fairly high resistance to electric current. But when skin is moist or wet, it acts as a conductor. This means that anyone working with electricity in a damp or wet environment needs to exercise extra caution to prevent electrical hazards. An electric shock can result in anything from a slight tingling sensation to immediate cardiac arrest.  Burns are the most common shock-related injury. The longer the exposure, the greater the risk of serious injury. If a person is " frozen" to a live electrical contact, shut off the current immediately. If this is not possible, use boards, poles, or sticks made of wood or any other nonconducting materials and safely push or pull the person away from the contact (Chao & Henshaw ’02).
Human radiation exposure as a result of reactor accidents is generally characterized in three ways: total or partial body exposure as a result of close proximity to a radiation source, external contamination, and internal contamination.   Acute radiation sickness can be categorized into three phases: prodrome, latency, and illness.  Patients with modest whole-body doses (<2 Gy) may require only symptomatic support for nausea and vomiting. In patients with whole-body doses of more than 2 Gy, the treatment of the consequences of bone marrow depletion is paramount. Strategies include management of infections with antibiotics and antiviral and antifungal agents, the use of hematopoietic growth factors, and possibly bone marrow transplantation. The use of bone marrow transplantation is controversial, since outcomes after radiation accidents have been poor. After Chernobyl, only 2 of the 13 patients who underwent bone marrow transplantation survived long term. Among increased risk for thyroid neoplasm remains elevated for at least 40 years after exposure to iodine-131,that has an 8 day half-life.  Potassium iodide tablets prevent iodine-131 absorption.  Internal exposure to Caesium-137, that has a 30 year half-life, through ingestion or inhalation, allows the radioactive material to be distributed in the soft tissues, especially muscle tissue, exposing these tissues to the beta particles and gamma radiation and increasing cancer risk. Prussian blue helps the body excrete caesium-137. Internal exposure to Strontium-90 is linked to bone cancer, cancer of the soft tissue near the bone, and leukemia. Plutonium-239 is particularly long-lived and toxic with a half-life of 24,000 years and remains hazardous for tens of thousands of years (Christodouleas et al ’11)..
The worldwide average background dose for a human being is about 2.4 millisievert (mSv) per year UNCEAR ‘00:5). The exposure for an average person is about 3.6 mSv/year. 80 percent of annual exposure comes from natural sources of radiation. The remaining 20 percent results from exposure to artificial radiation sources, such as medical x-rays, industrial sources like smoke detectors and a small fraction from nuclear weapons tests. For average persons who have had no medical x-rays, only 3% of their annual radiation dose comes from artificial sources.  The increase in background radiation due to above ground nuclear tests from the 1940s to 60s peaked in 1963 at about 0.15 mSv per year worldwide, or about 7% of average background dose from all sources. The Limited Test Ban Treaty of 1963 prohibited above-ground tests, thus by the year 2000 the worldwide dose from these historical tests has decreased to only 0.005 mSv, 5 μSv, per year. Estimated maximum exposures arise from phosphoric acid production, mineral sand processing industries and coal-fired power stations. Although annual doses of about 100 μSv could be received by a few local residents, doses of 1-10 μSv would be more common.  Except in the case of accidents or at sites where wastes have accumulated ,the generation of electrical energy by nuclear power reactors gives an estimated maximum per caput dose of less than 0.2 μSv per year. The average exposure from medical tests, ranges from 0.04 to 1 mSv per year.  For medical practice, the highest individual doses, averaging about 0.5mSv, may be received by family members who may come into close contact with patients undergoing treatments. Diagnostic exposures are characterized by fairly low doses to individual patients (effective doses are typically in the range 0.1-10mSv) (UNSCEAR ’10).  
Table 4: Average Annual Background Radiation Dose by Radiation Source

	Source
	Average Annual Dose mSv
	Typical Range mSv

	Worldwide External Exposure
	
	

	Cosmic Rays
	0.4
	0.3-1.0

	Terrestrial gamma rays
	0.5
	0.3-0.6

	Worldwide Internal Exposure
	
	

	Inhalation (mainly radon)
	1.2
	0.2-10

	Ingestion
	0.3
	0.2-0.8

	Worldwide Total
	2.4
	1-10

	Diagnostic Medical Examination
	0.4
	0.04-1.0 mSv 

	Atmospheric Nuclear Testing
	0.005
	Decreased from a maximum of 0.15 mSv in 1963

	Chernobyl accident
	0.002
	Decreased from a maximum of 0.04 mSv in 1986 (average in northern hemisphere). Higher at locations nearer accident site

	Fukushima accident
	0.003
	High of 0.004 mSv decreasing since April 18 

	Nuclear Power Production
	0.0002
	Increased with expansion of program but decreased with improved practice


UNSCEAR ’00 Table 1 pp. 5, Table 4 pp. 8
The level of natural background radiation varies depending on location, and in some areas the level is significantly higher than average. Such areas include Ramsar in Iran, Guarapari in Brazil, Kerala in India, the northern Flinders Ranges in Australia and Yangjiang in China. In Ramsar a peak yearly dose of 260 mSv has been reported (compared with). The highest levels of natural background radiation recorded in the world is from areas around Ramsar, particularly at Talesh-Mahalleh, where a peak yearly dose of 260 mSv has been reported several times in excess of ICRP-recommended radiation dose limits for radiation workers of 20 mSv and up to 200 times greater than normal background levels. Most of the radiation in the area is due to dissolved radium-226 in water of hot springs along with smaller amounts of uranium and thorium due to travertine deposits. There are more than nine hot springs in the area with different concentrations of radioisotopes, and these are used as spas by locals and tourists. This high level of radiation does not seem to have caused ill effects on the residents of the area and even possibly has made them slightly more radio-resistant, which is puzzling and has been called "radiation paradox". It has also been reported that residents have healthier and longer lives (Ghiassi-Nejad ’02). 
The Nuclear Regulatory Commission, the United States Environmental Protection Agency, and other U.S. and international agencies, require that licensees limit radiation exposure to individual members of the public to 1 mSv (100 mrem) per year, and limit occupational radiation exposure to adults working with radioactive material to 50 mSv (5 rem) per year, and 100 mSv (10 rem) in 5 years (UNSCEAR ’00).  A “nuclear incident” is any occurrence, including an extraordinary nuclear occurrence, causing bodily injury, sickness, disease, or death, or loss of or damage to property, or loss of use of property, arising out of or resulting from the radioactive, toxic, explosive, or other hazardous properties of source, special nuclear, or byproduct material: “Financial protection” means the ability to respond in damages for public liability and to meet the costs of investigating and defending claims and settling suits for such damages as defined by the Atomic Energy Act of 1954 under  42USC(23)(A)(1)§2011(q)(k). The Chernobyl accident caused many severe radiation effects almost immediately. Of 600 workers present on the site during the early morning of 26 April 1986, 134 received high doses (0.7-13.4 Gy) and suffered from radiation sickness. Of these, 28 died in the first three months and another 2 soon afterwards. In addition, during 1986 and 1987, about 200,000 recovery operation workers received doses of between 0.01Gy and 0.5 Gy (UNSCEAR 13-15).
Table 5: Worldwide Occupational Radiation Exposure
	Practice
	Number of Workers
	Average Annual Dose mSv

	Man-made Sources
	
	

	Nuclear fuel cycle (including uranium mining)
	800,000
	1.8

	Industrial uses of radiation
	700,000
	0.5

	Defense activities
	420,000
	0.2

	Medical use of radiation
	2,320,000
	0.3

	Total from man-made sources
	360,000
	0.1

	Enhanced natural sources
	
	

	Air travel crews
	250,000
	3.0

	Mining (other than coal)
	760,000
	2.7

	Coal mining
	3,910,000
	0.7

	Mineral Processing
	300,000
	1.0

	Above Ground Workplaces (radon)
	1,250,000
	4.8

	Total from natural sources
	6,500,000
	1.8


Source: UNSCEAR ’00 Table 3 pp. 8
The Chernobyl nuclear reactor that occurred on 26 April 1986 was the most serious accident ever to occur in the nuclear power industry. The reactor was destroyed in the accident, considerable amounts of radioactive materials were released to the environment and many workers were exposed to high doses of radiation that had serious, even fatal, health consequences (see below).Among the residents of Belarus, the Russian Federation and Ukraine, well over a thousand cases of thyroid cancer (about 1,800) have been reported in children. The accident at the Chernobyl reactor happened during an experimental test of the electrical control system as the reactor was being shut down for routine maintenance. The operators, in violation of safety regulations, had switched off important control systems and allowed the reactor to reach unstable, low-power conditions.  A sudden power surge caused a steam explosion that ruptured the reactor vessel, allowing further violent fuel-steam interactions that destroyed the reactor core and severely damaged the reactor building.. Average doses to those persons most affected by the accident were about 100 mSv for 240,000 recovery operation workers, 30 mSv for 116,000 evacuated persons and 10 mSv during the first decade after the accident to those who continued to reside in contaminated areas. It is noteworthy that an earlier accident in 1979 at the Three Mile Island reactor in the United States of America also resulted in serious damage to the reactor core but without a steam explosion. The containment building surrounding the reactor however prevented the release of all but trace amounts of radioactive gases (UNSCEAR ’00: 13-15).  
The meltdown of several reactors at the Fukushima Daiichi and Daiini plants after the 2011 Tōhoku earthquake and tsunami, that killed 14,000, were rated at level 7 on the International Nuclear Event Scale. The total amount of iodine-131 and caesium-137 released into the atmosphere has been estimated at 6.3 x 1017 Bq around 10% of the emissions from the Chernobyl accident estimated at 5.2 x 1018 (TEPCO ’11)  A zone within 20-30 km from the plant was evacuated.  Some agricultural products and seafood within 50 km were irradiated beyond the legal limit. Removal of debris reduced the radiation measurements from localized highs of up to 900 mSv/hr to less than 100mSv/hr at all exterior locations near the reactors. Radiation levels in Tokyo on 15 March were at one point measured at 0.809 μSv/hour although they were later reported to be at "about twice the normal level", later, that day, the wind direction changed and radiation levels were lower and the average radiation dose rate over the whole day was 0.109 μSv/h.  Drinking water in Tokyo, Fukushima and Ibaraki was above regulatory safe level for iodine-131 and caesium-137 in drinking water in Japan, 100 Bq/kg and 200 Bq/kg respectively, between 16 and 21 March, until falling to undetectable levels on 27 April. By 18 March radioactive fallout including isotopes of iodine-131, iodine-132, tellurium-132, iodine-133, caesium-134 and caesium-137 was detected in air filters at the University of Washington, Seattle, USA until dropping to undetectable levels after 28 April. Worldwide measuring stations ranged from 10 PBq to 700 PBq. This estimate was 1% to 40% of the 1,760 PBq of I-131 estimated to be release at Chernobyl (Wotawa ’11). The maximum permissible dose for Japanese nuclear workers was 100 mSv per year, but on 15 March 2011, the Japanese Health and Labor Ministry increased that annual limit to 250 mSv, for emergency situations. This level is below the 500 mSv/year considered acceptable for emergency work by the World Health Organization.  The skeleton crew of volunteer contractors suffered at least 19 exposures in excess of 100 mSv. 

Older coal-fired power plants without effective fly ash capture are one of the largest sources of human-caused background radiation exposure. When coal is burned, uranium, thorium and all the uranium daughters accumulated by disintegration — radium, radon, polonium — are released. According to a 1978 article in Science magazine, "coal-fired power plants throughout the world are the major sources of radioactive materials released to the environment". Radioactive materials previously buried underground in coal deposits are released as fly ash or, if fly ash is captured, may be incorporated into concrete manufactured with fly ash. Radioactive materials are also released in gaseous emissions. The United Nations Scientific Committee on the Effects of Atomic Radiation estimates that per gigawatt-year (GWea) of electrical energy produced by coal, using the current mix of technology throughout the world, the population impact is approximately 0.8 lethal cancers per plant-year distributed over the affected population. With 400 GW of coal-fired power plants in the world, this amounts to some 320 deaths per year (UNSCEAR ’00). With coal likely to remain one of the nation's lowest-cost electric power sources for the foreseeable future, the United States has pledged a new commitment to even more advanced clean coal technologies.   In the late 1980s and early 1990s, the U.S. Department of Energy Clean Coal Initiative has conducted a joint program with industry and State agencies to demonstrate the cleanest coal plants and CO2 sequestering technologies are being implemented that sequester > 90% of CO2 emissions as has already been done to eliminate mercury emissions from coal burning plants (DOE ’08).  
The Fukushima accident has brought the Nuclear Regulatory Commission (NRC) into question.  In light of this catastrophe, the global community has resolved to phase out, abolish and replace nuclear reactors with alternative energy sources, that do not threaten present and future generations (Ramdas ’11)(Weeramantry ’11)(Joint Statement on the Japanese Nuclear Disaster ’11), namely solar (Ramdas ’11).  The Atomic Energy Commission established by the Atomic Energy Act of 1954, 42USC(23)§2011 et seq until it was terminated in the Disposal of Atomic Energy Communities 42USC(24)§2301.  The Nuclear Regulatory Commission was established by the Energy Reorganization Act of 1974, 42USC(73)§5841 et seq.  There are currently 104 nuclear power plants in the United States, 69 Pressurized Water Reactors (PWRs) and 35 Boiling Water Reactors (BWRs), which generate about 20% of our nation's electrical use, mostly on the East Coast. (NRC ’11).  The normal cost for dismantling a nuclear power plant is about one and a half times the cost of the project after the normal life of a reactor of 40 years (Ramdas ’11).  According to a new report released by the Intergovernmental Panel on Climate Change (IPCC), renewable energy should account for 80% of all electricity generation within 40 years (Scheffran ’11). It is time for the NRC to abolish nuclear power in the United States and ensure the U.S. meets Nuclear Non-Proliferation Treaty (NPT) quota of less than 1,800-2,000 nuclear warheads by 2012.  Displeased with the Haiti quake (2010) and Fukushima (2011), Recovery Act funds for new nuclear power plants, must be reinvested in the transfer of the Low Income Energy Assistance Program (LEAP) to the Department of Energy (DoE) under 42USC(94)§8621.  When the DoE consults directly with the poorest consumers, on the rational basis of ability to pay, national energy prices will stabilize.

.  
Part II Radiation Control for Health and Safety 

The Radiation Control for Health and Safety Act of 1968 codified at 21USC(9)(V)(C)§360hh-360ss applies to any "electronic product" which contains or acts as part of an electronic circuit and emits (or in the absence of effective shielding or other controls would emit) electronic product radiation. Electronic radiation is defined as: any ionizing or non-ionizing electromagnetic or particulate radiation, or any sonic, infrasonic, or ultrasonic wave, which is emitted from an electronic product as the result of the operation of an electronic circuit in such product under 21CFR(I)(J)§1000.03(i).  It is prohibited for any manufacturer to introduce into the United States, any electronic product which does not comply with an applicable standard prescribed under 21USC(9)(V)(C)§360oo(a)(1). Any device or other object that is capable of and designed or intended to endanger human life through the release of radiation or radioactivity is unlawful under 18USC(113B)§2332h(a)(1)(B).  Every manufacturer of an electronic product which emits electromagnetic radiation shall furnish a label or tag permanently affixed to such product. Such certification shall be based upon a test to assure the adequacy of safeguards against hazardous electronic product radiation under 21USC(9)(V)(C)§360kk(h).
Table 6: Types of Radiation Emitted by Electrical Products

	Types of Radiation
	Electronic Products

	(a)Ionizing electromagnetic radiation
	television receivers, accelerators and x-ray machines

	Particulate radiation and ionizing electromagnetic radiation
	electron microscopes and neutron generators

	(b)Ultraviolet, visible, infrared, microwaves, radio and low frequency electromagnetic radiation
	ultraviolet, biochemical and medical analyzers, tanning and therapeutic lamps, sanitizing and sterilizing devices, black light sources and welding equipment

	Visible sources 
	white light devices

	Infrared sources
	alarm systems, diathermy units, dryers, ovens, and heaters

	Microwaves
	alarm systems, diathermy units, dryers, ovens, and heaters, medico-biological heaters, microwave power generating devices, radar devices, remote control devices, signal generators, radio and low frequency, cauterizers, diathermy units, power generation and transmission equipment, signal generators and electro-medical equipment

	(c)Coherent electromagnetic radiation produced by stimulated emission resulting from operation of an electronic circuit
	laser, maser, sonic and ultrasonic

	Laser
	biomedical analyzers and devices, cauterizing, burning and welding devices, cutting and drilling devices, communications transmitters, DVD/CD ROM and range-finding devices

	Maser
	communications transmitters

	Infrasonic
	vibrators

	Sonic
	electronic oscillators and sound amplification equipment (cell phones)

	Ultrasonic
	cauterizers, cell and tissue disintegrators cleaners, diagnostic and nondestructive testing equipment, ranging and detection equipment


Source: 21CFR(I)(J)§1000.15
Examples of electronic products which may emit x-rays and other ionizing electromagnetic radiation, ultraviolet, visible, infrared, microwaves, radio, low frequency electromagnetic radiation, coherent electromagnetic radiation, infrasonic, sonic, and ultrasonic vibrations as well as electrons, neutrons, and other particulate radiation are Medical: diagnostic x-ray or ultrasound imaging devices, microwave or ultrasound diathermy devices, microwave blood warmers or sterilizers, laser coagulators, ultrasound phaco-emulsifiers, x-ray or electron accelerators, sunlamps, ultraviolet dental curing devices; and Non-medical: microwave ovens, televisions receivers and monitors (video displays), entertainment lasers, industrial x-ray systems, cordless and cellular telephones, industrial RF sealers of plastics and laminates, laser CD and DVD players under 21CFR(I)(J)§1000.15.  All manufacturers of electronic products are subject to the reporting requirements for accidental radiation occurrences under 21CF(I)(J)§1002.20 and periodic reports in Table 1 under 21CFR(I)(J)§1002.1.
Table 7: CDHR Reporting for Products Emitting Electromagnetic Radiation

	21USC(I)(J)§1002
	.10
	.11
	.12
	.13
	30
(a)
	.30
(b)
	.40,

.41 

	Diagnostic X-ray
	X
	X
	
	X
	X
	X
	X

	Television Products
	
	
	X
	X
	
	
	

	Microwave Ovens
	X
	X
	
	X
	X
	X
	X

	Laser Products Class I
	X
	
	
	X
	X
	
	

	Laser Products Classes II-IV
	X
	X
	
	X
	X
	X
	X

	Sunlamp Products
	X
	X
	
	X
	X
	X
	X

	Ultrasonic Therapy
	X
	X
	
	X
	X
	X
	X

	Diagnostic Ultrasound
	
	
	X
	
	
	
	


Source: Table 1 21CFR(I)(J)§1002.1
Radioactivity was discovered in 1896.  Decay may occur in any of the following three ways: (1) Alpha Decay: Nucleus emits a helium nuclei (called an Alpha Particle) and gets converted to another nucleus with atomic number lesser by 2 and atomic weight lesser by 4. (2) Beta Decay: Beta decay could be of two types. Either through emission of an electron or positron (the antiparticle of electron). Electron emission causes an increase in the atomic number by 1, while positron emission causes a decrease in the atomic number by 1. (3) Gamma Decay changes the energy level of the nucleus. A radioactive element may have more than one decay mode. When two nuclei have the same atomic number, but different atomic weight or mass numbers, then they are said to be isotopes. Isotopes have the same chemical properties but different physical properties. For example, carbon has two isotopes, 6C14 and 6C12. Both have the same atomic number, but different number of neutrons. The one with the two extra neutrons is radioactive and undergoes radioactive decay. Half-life is the amount of time required, for half quantity of radioactive element to decay! For example C14 has a half-life of 5730 years. That is, if you take 1 gm of C14, then half of it will have been decayed in 5730 years! (Pilgrim ’11). 

Electromagnetic radiation includes the entire electromagnetic spectrum of radiation of any wavelength. The electromagnetic spectrum includes, but is not limited to, gamma rays, x-rays, ultra-violet, visible, infrared, microwave, radiowave, and low frequency radiation under 21CFR(I)(J)§1000.03(i). There are two main types of radiation – ionizing and nonionizing.  Ionizing radiation is capable of forcibly ejecting one or more of the electrons that orbit the nucleus of an atom, thereby creating an entity called an ion that has an electrical charge and is capable of chemical combination with other ions.  When ionization occurs in the atoms of molecules that play an important role in the body, it can lead to biological damage.  Nonionizing radiation has a different effect on molecules.  It tends to cause excitation of the molecules’ constituent atoms (somewhat like shaking them) they do not impart enough energy to the atoms to displace electrons and form ions but can cause burns (EPA ’09).  
Table 8: The Electromagnetic Spectrum
[image: image2.wmf]
Source: Figure 1 21CFR(I)(J)§1000.03(i)
There are three types of ionizing radiation.  X rays are electro-magnetic waves (i.e. they are part of the same continuous spectrum 0 that includes radio waves, infrared radiation, visible light ultraviolet light and gamma rays) of very short wavelength and very high frequency.  X rays are produced by special electrical machines (X ray generators).  X rays have no mass and no electrical charge, their penetrating power depends on their energy, which, in turn, depends on the voltage used to generate them.  X rays generated at a few tens of thousands of volts can penetrate only a few millimeters of tissue, whereas those generated at about 100,000 volts are just energetic enough to pass completely through the body and produce X-ray images.  X rays used in radiation therapy are generated at several million volts and are sufficiently energetic to destroy deep-seated tumors.  Gamma rays have almost identical properties to X rays.  The principal difference between the two is that gamma rays are produced by the spontaneous decay of radioactive materials rather than by a machine.  They also tend to have shorter wavelengths and higher frequencies than X rays, although there is some overlap between the two.  Particle radiation, unlike X rays and gamma rays, has mass and may also have electrical charge.  It represents parts of atoms, such as electrons (beta particles, which have a negative electrical charge and a very small mass, protons (positively charged particles, each with a mass about 1,800 times that of an electron), or neutrons (particles with the same mass as protons but no electrical change).  The nuclei of small atoms such as helium (helium nuclei are also known as alpha particles) and even larger atomic nuclei may be the source of particle radiation.  Particle radiation may be produced during the decay of radioactive atoms or by machines.

Ionizing radiation may originate from natural or man-made sources.  One natural source is

cosmic rays, which come from remote parts of the universe as well as from the sun.  These rays consist largely of very high energy protons, along with a few atomic nuclei (principally helium nuclei).  This radiation is much more intense in the upper troposphere, around 10 km altitude, and is thus of particular concern for airline crews and frequent passengers, who spend many hours per year in this environment. During their flights airline crews typically get an extra dose on the order of 2.2mSv (220 mrem) per year. Similarly, cosmic rays cause higher background exposure in astronauts than in humans on the surface of Earth. Astronauts in low orbits, such as in the International Space Station or the Space Shuttle, are partially shielded by the magnetic field of the Earth, but also suffer from the Van Allen radiation belt which accumulates cosmic rays and results from the earth’s magnetic field. Outside low Earth orbit, as experienced by the Apollo astronauts who traveled to the Moon, this background radiation is much more intense, and represents a considerable obstacle to potential future long term human exploration of the moon or Mars. Cosmic rays also cause elemental transmutation in the atmosphere, in which secondary radiation generated by the cosmic rays combines with atomic nuclei in the atmosphere to generate different nuclides. Many so-called cosmogenic nuclides can be produced, but probably the most notable is carbon-14, which is produced by interactions with nitrogen atoms. These cosmogenic nuclides eventually reach the Earth's surface and can be incorporated into living organisms. The constant production, incorporation into organisms and relatively short half-life of carbon-14 are the principles used in radiocarbon dating of ancient biological materials such as wooden artifacts or human remains. 
In the early days of television, TVs emitted some forms of ionizing radiation (like x-rays). However, since the 1960s, TV tubes have used lead shields to eliminate this radiation. Modern TVs and VDTs do NOT emit any ionizing radiation.  Some television sets and computer screens contain a cathode ray tube (CRT), which bounces electrons off the screen to create an image. The interaction between the electrons and the screen can potentially create low-level x-rays. CRT displays using vacuum tube high voltage rectifiers or regulators also generate x-rays. Because flat screen televisions and computer screens do not use CRTs, they do not produce x-rays.  Even though most TV sets and computer screens have not been found to give off any measurable level of radiation, the U.S. Food and Drug Administration’s Center for Devices and Radiological Health carefully sets radiation emission standards for electronic products with CRT's. Manufacturers of television receivers and computer monitors containing CRTs must regularly certify that their products meet certain performance standards. All TV manufacturers must submit written radiation safety reports to FDA outlining how they assure that each unit coming off the assembly line complies with the federal x-ray radiation limit. Radiation exposure rates produced by a television receiver, manufactured subsequent to January 15, 1970, was reduced to 0.5 milliroentgens per hour at a distance of five (5) centimeters from any point on the external surface of the receiver under 21CFR(I)(J)1020.10(c)(1)
The most widespread type of nonionizing radiation is ultraviolet light, a component of sunlight (although much is absorbed by the atmosphere) it is also produced by sunlamps.  This type of radiation can penetrate only superficial layers of body tissue but it damages the RNA (ribonucleic acid) and DNA (deoxyribonucleic acid) molecules in cells, which may lead to skin cancer (Pilgrim ’11).  Approximately 5% of solar terrestrial radiation is ultraviolet radiation (UVR).  UVR spans the wavelengths from 100 to 400 nm.  Solar UVR that reaches the Earth's surface comprises approximately 95% UVA and 5% UVB: UVC is filtered out by the Earth's atmosphere.  Sunburn is caused by Ultra Violet (UV) radiation, either from the sun or from artificial sources, such as welding arcs, the lamps used in sunbeds, and ultraviolet germicidal irradiation. Ultraviolet B (UVB) radiation causes dangerous sunburns and increases the risk of two types of skin cancer: basal-cell carcinoma and squamous cell carcinoma. The greatest risk is at solar noon, when shadows are at their minimum and the sun's radiation passes more directly through the atmosphere. Sunburn can occur in less than 15 minutes, and in seconds when exposed to non-shielded welding arcs or other sources of intense ultraviolet light. Nevertheless, the inflicted harm is often not immediately obvious.  After the exposure, skin may turn red in as little as 30 minutes but most often takes 2 to 6 hours. Pain is usually most extreme 6 to 48 hours after exposure. The burn continues to develop for 24 to 72 hours, occasionally followed by peeling skin in 3 to 8 days. Some peeling and itching may continue for weeks (WHO ’97).
The photon energies of Radio Frequency (RF) electromagnetic waves are not great enough to cause the ionization of atoms and molecules and RF energy is, therefore, characterized as non-ionizing radiation, along with visible light, infrared radiation and other forms of electromagnetic

radiation with relatively low frequencies, the only known biological effect of RF radiation is heating of body tissue (FCC ’99).  Microwave ovens cook food by means of radio-frequency electromagnetic radiation, at a frequency of 2450 MHz (2.45 GHz), which can also heat body tissues and thereby damage them.  This type of injury is unlikely to occur because modern appliances are shielded to prevent microwaves from escaping and also have safety cutoffs that stop radiation emission when the door is opened.  Radio and television transmissions are harmless forms of electromagnetic radiation.  The other types of nonionizing radiation to which people are subjected are magnetic fields and ultrasound.  Weak magnetic fields are generated around all wires carrying electricity, and strong fields are used in medicine for magnetic resonance imaging (MRI).  The effects of such fields are currently being studied, but they are not thought to be harmful, some authorities believe that they may even beneficial.  Ultrasound (inaudible high-frequency sound waves) is used in medicine for diagnosis and, on occasion, treatment.  Its effects depend on the power used and the duration of exposure.  The low power levels and relatively short durations used in medicine are harmless, but exposure to ultrasound at high power levels and/or for a long time may cause tissue damage (Pilgrim ’11).  A person can be exposed to radiation if a microwave oven does not totally seal. Microwaves are a form of electromagnetic radiation; that fall into the RF band of electromagnetic radiation. They have three characteristics that allow them to be used in cooking: they are reflected by metal they pass through glass, paper, plastic, and similar materials, and they are absorbed by foods. This does not make food radioactive or contaminated (EPA ’09). 
Different forms of electromagnetic energy are categorized by their wavelengths and frequencies. The Radio Frequency (RF) part of the electromagnetic spectrum is generally defined as that part of the spectrum where electromagnetic waves have frequencies in the range of about 3 kilohertz (3 kHz) to 300 gigahertz (300 GHz).  RF emits non-ionizing radiation. It has been known for many years that exposure to very high levels of RF radiation can be harmful due to the ability of RF energy to heat biological tissue rapidly.  Two areas of the body, the eyes and the testes, are particularly vulnerable to RF heating.  Microwaves are a specific category of radio waves that can be loosely defined as radiofrequency energy at frequencies ranging from about 1 GHz upward.  RF energy is a type of non-ionizing radiation.  The most important use for RF energy is in providing telecommunications services.  Radio and television broadcasting, cellular telephones, personal communications services (PCS), pagers, cordless telephones, business radio, radio communications for police and fire departments, amateur radio, microwave point-to-point links and satellite communications are just a few of the many telecommunications applications of RF energy.  Major RF transmitting facilities under the jurisdiction of the FCC, such as radio and television broadcast stations, satellite-earth stations, experimental radio stations and certain cellular, PCS and paging facilities are required to undergo routine evaluation for RF compliance whenever an application is submitted to the FCC for construction or modification of a transmitting facility or renewal of a license.  Broadcast transmitter power levels range from a few watts to more than 100,000 watts.  Under FCC rules, amateur operators can transmit with power levels of up to 1500 watts.   Transmitters in the Personal Communications Service (PCS) use frequencies in the range of 1850-1990 MHz.   Broadcast stations transmit at various RF frequencies, depending on the channel, ranging from about 540 kHz for AM radio up to about 800 MHz for UHF television stations.  Frequencies for FM radio and VHF television lie in between these two extremes (FCC ’09).  
The Federal Communication Commission (FCC) requires that all wireless communication devices sold in the United States follow safety guidelines that limit radiation exposure.  Cellular radio services transmit using frequencies between 824 and 894 megahertz (MHz).  The World Health Organization has classified the radiation emitted from cell phones as a possible cancer-causing agent, in Group 2B -- the group that will now include radiofrequency electromagnetic fields defined as "possibly carcinogenic to humans", concluding that cell phones could be associated with an increased risk for glioma, a type of brain tumor.  Worldwide there are 5 billion cellular phone subscribers (IARC ’11).  Cellular phones health is regulated by the CDRH under 21CFR(I)(J)§1050.10(e)(1) and the FCC under 47CFR§1.1307(b)(2).  The FCC requires mobile phone manufacturers to demonstrate compliance with an SAR level of 1.6 watts per kilogram (averaged over one gram of tissue). Information on SAR for a specific cell phone model can be obtained for almost all cellular telephones by using the FCC identification (ID) number for that model. RF electromagnetic field has both an electric and a magnetic component (electric field and magnetic field).  The unit "volts per meter" (V/m) is often used to measure the strength ("field strength") of the electric field, and the unit "amperes per meter" (A/m) is often used to express the strength of the magnetic field.  Power density is commonly expressed in terms of watts per square meter (W/m2), milliwatts per square centimeter (mW/cm2), or microwatts per square centimeter (µW/cm2) (FCC ’09).
A laser is a device that emits light (electromagnetic radiation) through a process of optical amplification based on the stimulated emission of photons. A Laser means any device that can be made to produce or amplify electromagnetic radiation at wavelengths greater than 250 nm but less than or equal to 13,000 nm or, after August 20, 1986, at wavelengths equal to or greater than 180 nm but less than or equal to 1.0x10\6\ nm primarily by the process of controlled stimulated emission. Visible radiation has wavelengths of greater than 400 nm but less than or equal to 710 nm.  Invisible radiation means laser or collateral radiation having wavelengths of equal to or greater than 180 nm but less than or equal to  400 nm or greater than 710 nm but less than or equal to 1.0x10\6\ nm (1 millimeter) under 21CFR(I)(J)§1040.10.  In its simplest form, the laser is a cavity consisting of two mirrors arranged such that light bounces back and forth, each time passing through the gain medium.  When the number of particles in one excited state exceeds the number of particles in some lower-energy state, population inversion is achieved and the amount of stimulated emission due to light that passes through is larger than the amount of absorption. Hence, the light is amplified. Commercial laser diodes emit at wavelengths from 375 nm to 1800 nm, and wavelengths of over 3 µm have been demonstrated. Low to medium power laser diodes are used in laser printers and CD/DVD players, the radioactivity emitted can be amplified if components or circuits are broken.

The term "laser" originated as an acronym for Light Amplification by Stimulated Emission of Radiation. In 1917, Albert Einstein established the theoretic foundations for the laser and the maser (microwave) in the paper Zur Quantentheorie der Strahlung (On the Quantum Theory of Radiation); via a re-derivation of Max Planck’s law of radiation, for the absorption, spontaneous emission, and stimulated emission of electromagnetic radiation.  In 1950, Alfred Kastler (Nobel Prize for Physics 1966) proposed the method of optical pumping, experimentally confirmed, two years later, by Brossel, Kastler, and Winter. In 1953, Charles Hard Townes and graduate students James P. Gordon and Herbert J. Zeiger produced the first microwave amplifier, a device operating on similar principles to the laser, but amplifying microwave radiation rather than infrared or visible radiation. At a conference in 1959, Gordon Gould published the term LASER in the paper The LASER, Light Amplification by Stimulated Emission of Radiation and filed a patent application in April 1959. The U.S. Patent Office denied his application, and awarded a patent to Bell Labs, in 1960. That provoked a twenty-eight-year lawsuit, featuring scientific prestige and money as the stakes. Gould won his first minor patent in 1977, yet it was not until 1987 that he won the first significant patent lawsuit victory, when a Federal judge ordered the US Patent Office to issue patents to Gould for the optically pumped and gas discharge laser.
Laser emission tables have been omitted and need to be re-published and simplified under a more stringent testing regime under 21CFR(I)(J)§1040.10(h)(ii)(2) and 21USC(9)(V)(C)§360kk.  Accessible emission limits for each class are a function of the wavelength and emission duration and should updated and listed in Tables I-A, I-B, and I-C of 21CFR(I)(J)§1040.10(d) (Villforth ’76). CD/DVD writer devices and laser printers, not to mention medical lasers, require the component or circuit failure tests that limited the maximum amount of radiation that could be emitted by sabotaged televisions to 0.005 mSv per hour at a distance of five (5) centimeters under 21CFR§1020.10(c)(3)(iii).  It is the manufacturer's responsibility to certify that their products comply with all applicable standards, based on a testing program in accordance with good manufacturing practices. Prior to the shipment of products in interstate commerce 21CFR§1002 requires the manufacturer to submit the report and to comply with all applicable importation requirements under 21 CFR §1005.  If there are deficiencies, CDRH may require the manufacturer to cease introduction into U.S. commerce until deficiencies are corrected, and to initiate a corrective action program (21 CFR §1003 - 1004) (Villforth ’76).  
Table 9: Laser products are classified in Class I, IIa, II, IIIa, IIIb, or IV

	Class
	Health Hazard
	Products
	Label

	I
	Not hazardous. Hazard increases if viewed with optical aids, including magnifiers, binoculars, or telescopes. 3.94 x 10\-6\ limit.

	laser printers, CD players, DVD players


	None: The radiance (W cm-2 sr-1) or integrated radiance (J cm-2 sr-1) equivalent to the radiant power (W) or radiant energy (J) detectable through a circular aperture stop having a diameter of 7 millimeters and within a circular solid angle of acceptance of 1x10-3 steradian with collimating 

optics of 5 diopters or less, divided by that solid angle (sr) and by 

the area of the aperture stop (cm-2).

	IIa
	Hazard increases when viewed directly for long periods of time greater than 1x10 \3\ seconds.. Hazard increases if viewed with optical aids.
	bar code scanners


	Class IIa Laser Product-- Avoid Long-Term Viewing of Direct Laser Radiation 



	II
	Chronic viewing hazard.
	
	Class II Laser Product -- Laser Radiation –- Do not State into Beam

	IIIa
	Acute viewing hazard if viewed directly or with optical instruments. 1 joule per cm-2 limit. Irradiance less than or equal to 2.5x10-3 W cm2-

	Laser pointers
	Class IIIa Laser Product – Laser Radiation –- do not stare into beam or view directly with optical instruments

irradiance greater than 2.5x10-3 W cm-2 

Class IIIa Laser Product –- Laser Radiation –- Avoid direct eye exposure

	IIIb
	Acute hazard to the skin and eyes from direct radiation. 1 joule per cm-2 limit.  Irradiance less than or equal to 

2.5x10-3 W cm2-


	laser light show projectors, industrial lasers, research lasers
	Class IIIb Laser Product – Laser Radiation – Avoid direct exposure to beam

	IV
	Acute hazard to the skin and eyes from direct and scattered radiation.
	laser light show projectors, industrial lasers, research lasers, lasers used to perform LASIK eye surgery
	Class IV Laser Product – Laser Radiation – Avoid eye or skin exposure to direct or scattered radiation.


Source: CDRH Laser Products and Instruments March 21, 2011; 21CFR(I)(J)§1040.10
The label on DVD Writer Model T5-L633 (ANT) used in Toshiba Satellite L455 laptops that was found to be dangerously radioactive when broken states DANGER: Radioactive visible and invisible laser radiation when open avoid direct exposure to beam.  The label goes on to warn (1) This device may not cause harmful interference, and (2) this device must accept any interference that may cause undesired operation. The label should stop at “this device may not cause harmful interference” Sentence 2 is misbranded under 21USC(9)(V)(A)§352(a) to allow the device to be rendered injurious to health under §351(a)(2)(A).  Both the label, that invites interference, and the actual vulnerability to interference must be corrected to reduce radioactive emissions from Class I laser products that are not required to have labels in the first place.  Manufacturers are required to submit a product report §1002.10 an annual report under 1002.13 and test records under §1002.30(a)(1).  Manufacturers of Class 1 lasers that are found to be Class II or III  may be required to submit their distribution records under §1002.30(b) for the purpose of devising a plan for the repurchase, repair or replacement of the part under §1004.1.  
Radiation exposures from diagnostic medical examinations are generally low and are almost always justified by the benefits of accurate diagnosis of possible disease conditions. There is no direct evidence of radiation ever causing any harm at the exposure levels encountered with diagnostic radiological examinations. Therapeutic uses of radiation naturally involve higher exposures and physicians will consider the risks of the treatment against the potential benefits. Standardized radiation dose estimates can be given for a number of typical diagnostic medical procedures. It is impossible to give accurate radiation dosimetry for procedures involving radiation therapy; these need to be handled very carefully on a case-by-case basis (Stabin ’09).  Radiation treatment for various diseases involves a dose of radiation a thousand times higher than diagnostic tests. Radiation therapy uses high-energy radiation to shrink tumors and kill cancer cells. X-rays, gamma rays, and charged particles are types of radiation used for cancer treatment. The radiation may be delivered by a machine outside the body (external-beam radiation therapy), or it may come from radioactive material placed in the body near cancer cells (internal radiation therapy, also called brachytherapy). Systemic radiation therapy uses radioactive substances, such as radioactive iodine, that travel in the blood to kill cancer cells. About half of all cancer patients receive some type of radiation therapy sometime during the course of their treatment. The cure rate can be 80 percent or higher. Radiation therapy kills cancer cells by damaging their DNA.  Cancer cells whose DNA is damaged beyond repair stop dividing or die. When the damaged cells die, they are broken down and eliminated by the body’s natural processes.

Table 10: Radiation exposures from diagnostic medical x-ray examinations
	Health care level
	Population per physician
	Annual number of examinations per 1,000 population
	Average annual effective dose to population mSv

	I

II

III

IV
	<1,000

1,000-3,000

3,000-10,000

>10,000
	920

150

20

<20
	1.2

0.14

0.02

<0.02

	Worldwide average
	
	330
	0.4

	Medical Tests
	Effective Dose mSv
	Medical Tests
	Effective Dose mSv

	Radiographs X-rays 
	0.004 (dental bitewing) – 0.83 (pelvis, hips)
	Coronary angiogram
	4.6 – 15.8

	Intravenous pyelogram 6 films of kidneys
	2.5
	Mammogram
	0.13

	Barium 
	swallow 1.5, meal 3.0, follow-up 3.0, enema 7.0
	Nuclear Medicine scan
	1.5 - 17.0

	Computed tomography (CT) scan
	Head 2.0, chest 8.0, abdomen 10.0. pelvis 10.0, head and chest 11.0
	Annual dose allowed radiation workers
	50

	Thallium cardiac stress test
	7.5 - 57
	Detectable health effect on annual basis, vomiting if exposed in one dose.
	100


Source UNSCEAR Table 2 pp. 7; Christodouleas et al ’11 Table 2 pp. 5, Stabin ’09
Medical X rays, used to diagnose and/or treat numerous diseases and disorders are the greatest artificial source of radiation to which the general public is exposed.  Medical X rays release from diagnostic testing range from 0.06 mSv of a chest radiograph or up to 20 mSv of a CT scan.  In the US, the average yearly radiation dose form medical X rays is almost equal to that from all natural sources.  Radioactive isotopes, also used in diagnosis and treatment, are another medical source of radiation.  Radioisotopes that emit gamma rays are the most commonly used (although particle-emitting radioisotopes are also employed) the types selected are usually short-lived to reduce the dose to the patient.  A standard medical x-ray's strength is about 2 mrem or 0.02 mSv but can be over ten times that, depending on the equipment used. A dental x-ray optimally has a dose as low as 0.0033 mSv but poor machines and technique can give doses as high as 0.11 mSv. The average American and European receives about 1.2 mSv of diagnostic medical dose per year; countries with lower levels of health care receive about one fifth of this dose.  <0.02 (UNSCEAR ’10).
A medical charged-particle radiation therapy system is a device that produces by acceleration high energy charged particles (e.g., electrons and protons) intended for use in radiation therapy under 21CFR§892.5050. Treatment of cancer (and occasionally other disease) by X rays or other source of ionizing radiation is common and 80% successful.  The radiation, as it passes through the diseased tissue, destroys or slows the development of abnormal cells.  Provided the correct dosage of radiation is given, normal cells suffer little or no damage.  Radiation therapy has various applications in the treatment of cancer.  In cancer of the larynx, in certain kinds of mouth cancer, basal cell carcinoma and squamous cells carcinoma (a type of skin cancer) cancer of the cervix, in cancer of the uterus, in Hodgkin’s disease (a cancer of lymphoid tissue) and in leukemia it may be used by itself in an attempt to destroy all the abnormal cells.  Radiation therapy is often used after surgical excision of a malignant tumor to destroy any remaining tumor cells.  It is also used to reduce the size of a tumor to relieve the symptoms of a cancer that is too far advanced to be curable.  Examples of palliative treatment include relieving pressure from a tumor on the esophagus that prevents swallowing relieving pain caused by bone cancer and relieving headaches or paralysis caused by a brain tumor.  If the benefits of destroying diseased tissue far outweigh the risk of damage to healthy tissue, radiation therapy may be used to treat nonmalignant diseases (Clayman et al ’89).  

A common example is the destruction of part of an overactive thyroid gland with radioactive iodine when it is producing severe symptoms.  Radiation is usually passed through diseased tissues by means of X rays (or sometimes electrons) produced by a machine called a linear accelerator.  This device has largely supplanted apparatus containing radioactive cobalt, which has the drawback of producing ionizing radiation that is both less intense than that of X rays and incapable of being shut off.  Some malignant tumors are treated not by radiation from an external source, but by inserting radioactive material directly into the growth or surrounding tissue or into a body cavity.  Both procedures require an anesthetic.  Radiation used to treat thyrotoxicosis is given as a liquid form of radioactive iodine, which the patient drinks through a straw and which concentrates in the thyroid gland.  Radiation therapy may produce unpleasant side effects, including fatigue, chest pain, nausea and vomiting (for which antiemetic drugs may be prescribed beforehand) and loss of hair from irradiated areas.  Radiation therapy is not for people with serious heart conditions. Rarely, there may be reddening and blistering of the skin, which can be alleviated by corticosteroid drugs.  Radiation therapy cures most skin cancers and cancer of the larynx.  The cure rate for other types of cancer varies depending on how early the treatment is begun, but the cure rate can be 80 percent or higher (Clayman et al ’89).  

Radiotherapy continues to be commonly used for the treatment of cancer and low relapse rates are reported.  One form of radiotherapy was studied by Wilhelm Reich M.D., a protege of Sigmund Freud, who found that orgone, a measurable natural energy found everywhere pulsing with life and weather, was useful in the treatment of cancer, but was reluctant to call it a cure.  Reich had been disgraced for his anti-fascist writing and found asylum from death sentences from both Hitler and Stalin, in the United States. In a unique judicial ruling, the FDA obtained a Federal Court Decree of Injunction, which ruled that the orgone energy “does not exist”.   Several years later, Reich was charged with Contempt of Court, and died in federal prison in 1957 weeks before he was to be released to his new wife in Switzerland.  Recent clinical trials from hospitals in Germany found the somatic effects of the orgone energy accumulator were more powerful in the treatment of cancer than any other form of conventional or natural therapy they had tried.  Pain was relieved, the appetite was stimulated, and the patients became more alert and active.  The blood picture cleaned up, with red cells showing a stronger energetic charge, and fewer t-bacilli.  Tumors ceased growing and in some cases, declined dramatically in size.  Reich warned persons with a history of hypertension, decompensated heart diseases, brain tumors, arteriosclerosis, glaucoma, epilepsy, heavy obesity, apoplexia, skin inflammations or conjunctivitis not to use the accumulator, and in some cases, as the patient’s tumors began to disintegrate, they would become debilitated by the toxic break-down products of the tumor, and die of secondary complications, such as kidney or liver failure (Demeo '10).  Whereas orgone is a natural form of energy accumulated without the use of electricity it is exempt from reporting under21CFR(I)(J)§1002.1.  The FDA may issue a formal notice of termination of detention as a posthumous apology for the false arrest and death of Wilhelm Reich, but this is not necessary under 21CFR(1)(K)§1.384. Likewise, manufacturers and distributors of orgone accumulators may register their product for pre-market approval under 510(k) of the Food, Drug and Cosmetic Act 21USC(9)(V)(A)§360e or enjoy their prescription under the general provisions respecting control for devices intended for human use 21USC(9)(V)(A)§360j.

Radioactive material is found throughout nature. It occurs naturally in the soil, rocks, water, air, and vegetation. Many minerals contain unstable atomic nuclei that spontaneously disintegrate (a process known as radioactive decay), thereby emitting alpha or beta particles and/or gamma rays.  The emission of alpha particles of beta particles and/or gamma rays occurs when the nuclei of certain unstable substances spontaneously disintegrate.  Natural radioactivity is due to the disintegration of naturally occurring radioactive substance, such as uranium ore.  However, most elements can be induced to become radioactive by bombarding them with high-energy particles (such as neutrons).  The naturally occurring radioactive isotope potassium 40 (isotopes are varieties of an element that are chemically identical but differ in some physical properties) is the principal source of radiation from within the body.  Many other natural materials are radioactive and, in some areas, radon from soil. Rocks and/or building materials is a major contributor to the annual radiation dose.  The major radionuclides of concern for terrestrial radiation are common elements with low-abundance radioactive isotopes, like potassium and carbon, or the long-lived elements uranium and thorium and their decay products, some of which, like radium and radon are intensely radioactive but occur in low concentrations. Most of these sources have been decreasing, due to radioactive decay since the formation of the Earth, because there is no significant amount currently transported to the Earth. Thus, the present activity on earth from uranium-238 is only half as much as it originally was because of its 4.5 billion year half-life, and potassium-40 (half life 1.25 billion years) is only at about 8% of original activity.  Many shorter half-life and thus more intensely radioactive isotopes have not decayed out of the terrestrial environment, however, because of natural on-going production of them. Examples of these are carbon-14 (cosmogenic), radium-226 (decay product of uranium-238) and radon-222 (a decay product of radium-226) (Clayman ’89: 847). 
Radon is colorless, odorless, tasteless, radioactive gaseous element produced by the radioactive decay of radium.  Radon has a short half-life (4 days) and decays into other solid particulate radium-series radioactive nuclides. These radioactive particles are inhaled and remain lodged in the lungs, causing continued exposure. People in affected localities can receive up to 10 mSv per year background radiation. Radon is thus the second leading cause of lung cancer after smoking, and accounts for 15,000 to 22,000 cancer deaths per year in the US alone.  Radon has three naturally occurring isotopes (varieties of the element that are chemically identical but differ in some physical properties) radon 219, radon 200, and radon 222.  Each of these is short-live (radon 209 has a half-life of roughly 4 seconds, radon 220 of about 51 seconds, and radon 222 of about 3.8 days).  They disintegrate, with the emission of radiation (in the form of alpha particles) to for solid radioactive materials known as radon daughters, which themselves emit alpha and beta particles and gamma rays.  In addition to radon’s naturally occurring radioisotopes, more than a dozen artificial ones have been produced.  The parent sources of radon occur naturally in many materials, such as soil, rocks, and building materials and the gas is released continually into the atmosphere.  As a result, radon makes the largest single contribution to radiation doses received by humans from naturally radioactive materials.  This fact has led some researchers to suggest that radon may be a significant causative factor in some cases of cancer (particularly lung cancer) (Clayman ’89: 849).  When using a radon detector, put it in the lowest accessible place, like the basement or crawl space.  Before testing, close all windows, doors and vents in the test area for 24 hours.  Retest before making radical changes.  Radon levels can vary widely according to weather and seasonal temperatures (Weiss et al ’91: 169).

Table 11: Radioactive Isotopes

	Radioactive Element
	Atomic Number
	Atomic Mass Number
	Decay Type
	Half-Life

	Hydrogen (H)
	1
	3
	Beta Decay (β-)
	12 years

	Beryllium (Be)
	4
	10
	Beta Decay (β-)
	2,700,000 years

	Carbon (C)
	6
	14
	Beta Decay (β-)
	5,730 years

	Calcium (Ca) 
	20
	41
	Beta Decay (β+)
	100,000 years

	Iron (Fe)
	26
	59
	Beta Decay (β-)
	45 days

	Cobalt (Co)
	27
	60
	Beta Decay (β-), Gamma
	5 years

	Nickel (Ni)
	28
	59
	Beta Decay (β+)
	80,000 years

	Zinc (Zn)
	30
	65
	Beta Decay (β-), Gamma
	145 days

	Selenium (Se)
	34
	79
	Beta Decay (β-)
	70,000 years

	Krypton (Kt) 
	36
	85
	Beta Decay (β-), Gamma
	10 years

	Krypton (Kt) 
	36
	90
	Beta Decay (β-), Gamma
	33 seconds

	Rubidium (Rb)
	37
	87
	Beta Decay (β-)
	47 billion years

	Strontium (Sr)
	38
	89
	Beta Decay (β-)
	53 days

	Strontium (Sr)
	38
	90
	Beta Decay (β-)
	28 years

	Yttrium (Y)
	39
	90
	Beta Decay (β-), Gamma
	64 hours

	Yttrium (Y)
	39
	91
	Beta Decay (β-)
	58 days

	Zirconium (Zr)
	40
	93
	Beta Decay (β-)
	950,000 years

	Zirconium (Zr)
	40
	95
	Beta Decay (β-)
	65 days

	Niobium (Nb)
	41
	93
	Gamma
	4 years

	Niobium (Nb)
	41
	95
	Beta Decay (β-), Gamma
	35 days

	Molybdenum (Mo)
	42
	93
	Beta Decay (β+)
	10,000 years

	Technetium (Tc)
	43
	99
	Beta Decay (β-), Gamma
	210,000 years

	Ruthenium (Rn)
	44
	103
	Beta Decay (β-)
	40 days

	Ruthenium (Rn)
	44
	106
	Beta Decay (β-)
	1 year

	Palladium (Pd)
	46
	107
	Beta Decay (β-), Gamma
	7 million years

	Silver (Ag)
	47
	110
	Beta Decay (β-), Gamma
	249 days

	Tin (Sn)
	50
	126
	Beta Decay (β-)
	100,000 years

	Antimony (Sb)
	51
	125
	Beta Decay (β-)
	2 years

	Tellurium (Te)
	52
	127
	Beta Decay (β-)
	105 days

	Tellurium (Te)
	52
	129
	Beta Decay (β-)
	67 minutes

	Iodine (I)
	53
	129
	Beta Decay (β-), Gamma
	17.2 million years

	Iodine (I)
	53
	131
	Beta Decay (β-), Gamma
	8 days

	Iodine (I)
	53
	134
	Beta Decay (β-), Gamma
	52 minutes

	Xenon (Xe)
	54
	133
	Beta Decay (β-), Gamma
	5 days

	Xenon (Xe)
	54
	137
	Beta Decay (β-), Gamma
	4 minutes

	Xenon (Xe)
	54
	138
	Beta Decay (β-), Gamma
	14 minutes

	Cesium (Cs)
	55
	134
	Beta Decay (β-), Gamma
	2 years

	Cesium (Cs)
	55
	135
	Beta Decay (β-), Gamma
	2 million years

	Cesium (Cs)
	55
	137
	Beta Decay (β-), Gamma
	30 years

	Cesium (Cs)
	55
	144
	Beta Decay (β-)
	285 days

	Promethium (Pm)
	61
	147
	Beta Decay (β-), Gamma
	2 years

	Europium (Eu)
	63
	154
	Beta Decay (β-), Beta Decay (β+), Gamma
	16 years

	Europium (Eu)
	63
	155
	Beta Decay (β-)
	2 years

	Lead (Pb)
	82
	210
	Beta Decay (β-), Alpha
	21 years

	Bismuth (Bi)
	83
	210
	Alpha
	3 million years

	Polonium (Po)
	84
	210
	Alpha
	138 days

	Radon (Rn)
	86
	220
	Alpha, Beta Decay (β+)
	1 min

	Radon (Rn)
	86
	222
	Alpha
	4 days

	Radium (Ra)
	88
	224
	Alpha
	4 days

	Radium (Ra)
	88
	225
	Beta Decay (β-)
	15 days

	Radium (Ra)
	88
	226
	Alpha
	1,622 years

	Thorium (Th)
	90
	228
	Alpha
	2 years

	Thorium (Th)
	90
	229
	Alpha
	7,340 years

	Thorium (Th)
	90
	230
	Alpha
	80,000 years

	Thorium (Th)
	90
	232
	Alpha
	14 years

	Thorium (Th)
	90
	234
	Beta Decay (β-)
	24 days

	Proactinium (Pa)
	91
	226
	Alpha, Beta Decay (β+)  
	2 minutes

	Uranium (U)
	92
	233
	Alpha
	162,000 years

	Uranium (U)
	92
	234
	Alpha
	248,000 years

	Uranium (U)
	92
	235
	Alpha
	713 million years

	Uranium (U)
	92
	236
	Alpha
	23.9 million years

	Uranium (U)
	92
	238
	Alpha
	4.51 billion years

	Neptunium (Np)
	93
	237
	Alpha
	2.2 million years

	Plutonium 
	94
	236
	Alpha
	285 years

	Plutonium 
	94
	238
	Alpha
	86 years

	Plutonium 
	94
	239
	Alpha
	24,390 years

	Plutonium 
	94
	240
	Alpha
	6,580 years

	Plutonium 
	94
	241
	Beta Decay (β-), Alpha
	13 years

	Plutonium 
	94
	242
	Alpha
	379,000 years

	Plutonium 
	94
	243
	Alpha
	5 years

	Plutonium 
	94
	244
	Alpha
	76 million years

	Americium (Am)
	95
	241
	Alpha
	458 years

	Americium (Am)
	95
	242
	Beta Decay (β-), Beta Decay (β+), Alpha, Gamma
	16 hours

	Americium (Am)
	95
	243
	Alpha
	7,950 years

	Curium (Cm)
	96
	242
	Alpha
	163 days

	Curium (Cm)
	96
	243
	Alpha
	35 years

	Curium (Cm) 
	96
	244
	Alpha
	18 years

	Curium (Cm) 
	96
	247
	Alpha
	40 million years


Source: Pilgrim, Gray. List of Radioactive Elements. Buzzle. 2011

Bibliography

Center for Devices and Radiological Health (CDHR). Laser Products and Instruments. Food and Drug Administration. Public Health Service. March 21, 2011
Clayman, et al Encyclopedia of Medicine. American Medical Association. Random House. New York. 1989 pp. 844-849

Chao, Elaine L.; Henshaw, John L. Controlling Electrical Hazards. Occupational Safety and Health Administration (OSHA). 2002
Christodouleas, JP; Forrest, RD; Ainsley, CG; Tochner, Z; Hahn, SM; Glatstein, E. Short-Term and Long-Term Health Risks of Nuclear-Power-Plant Accidents". N Engl J Med April 20, 2011 glatstein@uphs.upenn.edu 

DeMeo, James, Ph.D. The Orgone Accumulator Handbook: Construction Plans, Experimental Use and Protection Against Toxic Energy. Natural Energy Works. 1999. 2010 demeo@mind.net 
Einstein, Albert. Zur Quantentheorie der Strahlung (On the Quantum Theory of Radiation). 1917

Ghiassi-Nejad, M.; Mortazavi, S. M. J.; Cameron, J. R.; Niroomand-Rad, A.; Karam, P. A. Very high background radiation areas of Ramsar, Iran: preliminary biological studies. Health Physics 82 (1): 87–93
Global Deactivation of Radiation. Spiderwort plant is nature’s radiation detector. 2011
Gould, R. Gordon. The LASER, Light Amplification by Stimulated Emission of Radiation. In 
Franken, P.A. and Sands, R.H. (Eds.). The Ann Arbor Conference on Optical Pumping, the University of Michigan, 15 June through 18 June 1959. pp. 128
International Agency for Research on Cancer (IARC) Monographs on the Evaluation of Carcinogenic Risk to Humans. Volume 55. Solar and Ultraviolet Radiation. World Health Organization (WHO).  November 21, 1997
International Agency for Research on Cancer (IARC). Radiofrequency Electromagnetic Fields Classified as Possibly Carcinogenic to Humans. Press Release N 208. World Health Organization (WHO). 31 May 2011
Joint statement on the Japanese Nuclear Disaster. Hamburg. 29 March 2011
Mason, Jim. Spiderwort. Great Plains Nature Center. 2011
Ramdas, L. The Japanese Tragedy – Nuclear Disaster: Lessons for India. 15 March 2011
Scheffran, Jurgen. Climate Change, Nuclear Risks and Nuclear Disarmament. World Future Council Peace and Disarmament Working Group. May 17, 2011, info@worldfuturecouncil.org 
Schell, Jonathan. From Hiroshima to Fukushima. Nuclear Age Peace Foundation. 22 March 2011
Stabin, Michael G. PhD. Doses from Medical Radiation Sources. Health Physics Society: Specialists in Radiation Safety. December 18, 2009
Tokyo Electric Power Company, Inc. The Great East Japan Earthquake and Current Status of Nuclear Power Stations. 2011
United Nations Scientific Committee on the Effects of Atomic Radiation. Report 2010. 2011
United Nations Scientific Committee on the Effects of Atomic Radiation. ’00?. Report to the General Assembly, anne.thomas@unvienna.org
U.S. Department of Energy (DOE). Recovery Act Clean Coal Power Initiative –Round 3. National Energy Technology Laboratory. August 11, 2008
U.S. Environmental Protection Agency (EPA). Radiation Protection: Tobacco Smoke. May 2009
U.S. Federal Communications Commission (FCC) Office of Engineering & Technology. Questions and Answers about Biological Effects of and Potential Hazards of Radiofrequency Electromagnetic Fields. OET Bulletin 56. Fourth Edition. August 1999 rfsafety@fcc.gov
U.S. National Cancer Institute (NCI). Radiation Therapy for Cancer. National Institutes of Health. Health and Human Services. June 30, 2010
Villforth, John C. Director, Bureau of Radiological Health. Tabulated Values of Accessible Emission Limits for Laser Products. Food and Drug Administration. Division of Compliance. Division of Electronic Products. Dept. of Health, Education and Welfare. March 1976
Weeramantry, C.G. Nuclear Reactor Catastrophe in Japan: An Open Letter to the World’s Environmental Ministers. March 14, 2011
Weiss, S.E. et al. Practical Problem Solver: Substitutes, Shortcuts and Ingenious Solutions for Making Life Easier. Radiation. Reader’s Digest. Pleasantville, New York. 1991. pp. 169

Williams, Wesley. Tradescanti x Purple Profusion: Spiderwort. North Creek Nursery. 2011
Wotawa, Gerhard. Accident in the Japaense NPP Fukushima: Large emissions of Cesium-137 and Iodine-131/Spread of Radioactivity in Iceland. Central Institute for Meteorology and Geodynamics. 24 March 2011
� The generic name of the Tradescantia bracteata (Purple spiderwort) was dedicated to John Tradescant, gardener to Charles I of England. The specific epithet bracteata means "bracted" in botanical Latin. The plant was described for science in 1898 by botanist and curator of the New York Botanical Garden John Small (1869-1938)


� In the process “remote control” was lost to the prohibition of radiological dispersal devices under � HYPERLINK "http://www.law.cornell.edu/uscode/html/uscode18/usc_sec_18_00002332---h000-.html" �18USC(113B)§2332h� and Criminal sentences must be adjusted downward, mandatory minimum schemes eliminated and acquittals the norm for most crimes where there are significant mitigating factors under Blakely v. Washington � HYPERLINK "http://caselaw.lp.findlaw.com/cgi-bin/getcase.pl?court=US&navby=case&vol=000&invol=02-1632" �No. 02-1632� (2004).  
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