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INTRODUCTION

 

The problem. Today, for many people, the word RADIATION evokes atomic bombs, nuclear power plant accidents, nuclear wastes, or radioactive fallout; it summons up the specter of cancer.  If they think further about radiation at all, they are more likely to worry about it rather than try to understand it, objectively and constructively.  When people are asked about their sources of information on radiation, most will cite newspapers, television, popular magazines, or just casual gossip.  These media rarely try to educate with facts; they tend to emphasize the dangerous and sensational to appeal to emotions.  Thus, it is not surprising that people tend to base their opinions of radiation on the well-publicized effects of large exposures from weapons or major accidents.  Often they do not distinguish between such large exposures and everyday medical or industrial exposures to radiation or those encountered in the natural environment.

 

 This book is designed to enhance your knowledge, to help you make both sound personal decisions about your own or family members’ radiation exposures and sound socio-political decisions about activities which might carry some chance of exposing other people to radiation.  It is written by a radiation protectionist who has spent a career studying the science of radiation and its effects and developing guidelines for protecting us all from radiation injury.  There are some people who think that those who are familiar with a subject must be biased about it and cannot be considered a reliable source of information.  Such suspicious people must reach the logical conclusion that only the ignorant and inexperienced can be trusted to help when decisions are to be made about complex technical matters.  That is patently absurd.

 

If knowledgeable and experienced radiation protectionists have a bias, it is that uncontrolled use of ionizing radiation can be hazardous -- so can uncontrolled use of almost anything, including common nutrients like salt and pepper.  Radiation protectionists -- some thousands in the US -- devote their collective knowledge, skills, and efforts, to developing ways to make as safe as practicable the use of radiation in the service of mankind.  We must all recognize that there is no such thing as absolute safety in any human activity.  Indeed, the uses of ionizing radiation today involve smaller risks, overall, than those associated with many activities of everyday life, including riding in cars, taking baths, and climbing stairs.

 

Since, literally, no one in the world can be free from exposure to ionizing radiation, it is important that we all acquire at least some elementary information on the subjects of radiation and its effects, relying for guidance on those whose life work has enabled them to best understand it.  This book, based on well-established and publicly available facts, attempts to provide such information -- the kind of information that may enlighten a discussion, let us say, of the role of x-rays as a part of dental hygiene.   It is addressed to the reader whose knowledge of radiation may have been framed by images of mushroom clouds, the ruins of Nagasaki, or cartoon mutant monsters.  It aims to help replace irrational fear  with fact-based respect for radiation.

 

This book consists of three parts.
 

Part 1 provides a simple, broad-brush treatment of what ionizing radiation is, the different kinds of radiation and their properties, and how radiation is absorbed in the various materials we use to protect people from excessive exposure.  It tells about the history of radiation and radiation protection philosophy and practices.  And it describes the many sources of radiation to which the people of the US, and the world, are exposed.

 

Part 2 provides some more detailed technical and medical information in language accessible to all.  It is designed to answer some of the questions frequently asked by the public and to correct some of the errors made by the media.  Both Part 1 and Part 2 are based on facts that have been well-established in peer-reviewed scientific reports.

 

Part 3 deals with electrical energy, the shortage of which is worldwide.  The generation of electricity using nuclear power is adequately within current technical capability, understanding, and control, but it is a subject fraught with political, social, and emotional issues.  This book deals only with the technical aspects for which specific information is available.

 

Since this book is addressed to the general reader, who comes to it with no specific knowledge of   radiation technology, the technical terms used must be defined.  They are discussed and explained in everyday language as they occur.  

 

The theses of this book, outlined briefly, are:

 

(1) Radioactivity -- and hence radiation --exists in virtually everything and is, therefore, part  of life.

(2) Excessive consumption of, or exposure to, otherwise useful substances or agents present       some degree of risk to life.

(3) The relationship between radiation and risk, indeed their very definitions, may be distorted through ignorance or to serve some purpose other than enlightenment.  Such distortions can lead to unnecessary concern and may cause actual harm

(4) The best way to remedy this situation is through education. Those who are informed must enable others to learn the facts and to understand what the facts mean, so that we all can make reasonable decisions on health care, environmental control, power supply, and other social issues.

PART 1  RADIATION AND THE WORLD WE LIVE IN

1-1    What is radiation?  Let us go to the dictionary!  In simple terms; "radiation is energy sent out in the form of waves or particles".  The definition does not specify a source for the radiation, so we may correctly conclude that it could be almost anything that sends out waves.

 

To illustrate:  what do you do when you see a calm pond of water, perhaps with some chips of wood or leaves floating quietly on the surface?  Your immediate impulse is probably irresistible -- to see how far out into that pond you can throw a pebble.  From the point where the pebble hits the water, ripples radiate in rings.  Those ripples are waves, and they are a form of radiation.  The ripples represent the movement of some of the energy imparted  by the pebble, radiating from the impact point in all directions.  As each ripple reaches a chip, the chip rises to the crest of a wave.

 

The chip has actually been lifted a little.  It is hardly necessary to point out that to lift anything -- even as small as a chip -- requires some energy.  Thus, the lifting of the chip shows that the waves have energy, and that some energy has been moved from the spot where the pebble struck the water to the place where the chip was lifted.  The general idea is the same  for other types of waves and radiation  that we will discuss.  

 

There is one particular characteristic of  all radiation that helps to identify and describe it.  That is its wavelength, the distance  from the crest of one wave to the crest of the next wave.  Figure 1 shows a diagram of a wave.  The wavelengths of the radiations that will be discussed below vary from billionths of an inch to thousands of feet.  
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Figure 1. Wave Length

 

The term radiation is general; some of the more specific terms for types of radiation will be referred to below.  It is not necessary that the reader understand the differences among  the  terms.  The main reason for listing some of them is to make you familiar with the words that may appear in both technical and non-technical writings.  Further, it is not necessary to understand anything  special about atoms, or molecules, or electrons, or other scientific phenomena, for you to understand enough about radiation to help you make informed decisions on radiation-related issues.

 

Waves in water are one form of radiation. There is another large class, which we call electromagnetic radiation.  These radiations are grouped together because they share many characteristics.  The main distinction among electromagnetic radiations is their differing wavelengths.  A list of radiations is given in Figure 2, starting at the top with radio transmission waves which have the longest wavelengths -- from one inch to several thousand yards.  Next come microwaves and infra-red or heat radiation.   Then comes visible light, with each color having a distinctive wavelength in the general range of ten-thousandths of an inch.  As the radiation wavelengths become still shorter we go from the visible violet to the invisible ultra-violet which  we hear about in connection with sunburn and other skin effects.  Next come x-rays which have shorter wavelengths, followed by gamma rays which are even shorter.  Actually, the wavelengths of x-rays and gamma rays may overlap.  Finally there are cosmic rays, generated by particles from outer space striking the earth's atmosphere. 
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Figure 2.  Types of Radiations
Figure 2 shows several categories of radiations;  the one of main interest here is ionizing radiation.  Whenever ionizing radiation strikes anything - wood, iron, the human body -- anything -- it creates electrically charged particles called ions which, in turn, can have effects on matter, including living things. In various writings you may find ionizing radiation called "atomic radiation", "nuclear radiation" or "penetrating radiation".  For our purposes, these terms are synonymous.  Although this report will deal  with ionizing radiation, generally,  it will focus on x-rays and gamma rays.  

 

1-2 Where does radiation come from?
Today we are besieged with information and stories about all kinds of radiations and their hazards -- and occasionally we are told about some of their  beneficial uses.  This book will deal with the radiations that generally have an atomic or nuclear origin  and are called ionizing radiations.  Almost all electromagnetic radiations have atomic origins of some kind, and all can have deleterious health effects if carelessly or improperly used.  However, we have known for the past sixty years how to use ionizing radiation properly and safely.              

 

On earth, x-rays, and some gamma rays, are made by man; gamma rays also occur in nature.  As noted above, x-rays,  gamma rays, and cosmic rays are ordinarily included in what we call ionizing radiation; when ionizing radiation strikes atoms of any kind, it can disrupt them and cause the formation of ions and more ionizing radiations. 

 

Initially our discussions will deal with x-rays, the kind of radiation that most of us are aware of in our individual lives.  All x-rays of concern on earth are man-made, produced in powerful high voltage equipment.  The x-rays can be turned on and off readily -- a feature that distinguishes them from the gamma rays from radioactive sources. If something is irradiated  with x-rays, some secondary x-rays may be produced during the irradiation.  But once the high voltage is turned off, the initial x-rays are stopped, so are the secondaries, and there is no radiation left.  

 

X-rays, because of their very short wavelength, are capable of passing through  materials -- for example, flesh, water, wood, or iron.  They can be most effectively stopped by heavy materials like lead or by substantial thicknesses of concrete.  Gamma rays are essentially the same as x-rays except that they are produced in the nucleus of the atom.  The gamma rays  in nature come mainly from naturally occurring radioactive materials, like radium or some product of radium, or from radioactive potassium -- about both of which more will be said later.  Other gamma ray emitting nuclei can  be produced by man in very high voltage generators.  Once a material has been made radioactive in this way, its emission of radiation lasts for a characteristic period; that  period may range from fractions of a second to centuries depending on the material involved.  Some elements ( iron or oxygen, for example) are made up of several almost identical atoms called isotopes.  If the isotopes give off ionizing radiation, they are called radioisotopes.  Isotopes are distinguished from one another by numbers: for example, potassium-40 and potassium-39 are isotopes of the element potassium.
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Once a material has been made radioactive, its emission of radiation cannot be turned off or destroyed.  It has to "self-destruct" naturally.  But, as noted above,  different radioactive materials self-destruct or lose their strength over different periods of time. These periods are measured in what are called half-lives: A half-life is the time it takes for the material to lose one-half of its radioactivity.   For example, the half-life of radium-226 is 1622 years, which means that a given quantity of radium will lose half of its strength in 1622 years, and half of its remaining strength in another 1622 years, and so on.   This process is illustrated in Figure 3.

 

Some other radioactive materials that are mentioned frequently in general writings and the media are listed, with their half lives, in Figure 3.  For example, among the natural radioactive materials that will be discussed later in this book is uranium-238, from which several other natural radioactive materials are derived.  Uranium-238 has a half life of 4,500,000,000 years.  One of the products of uranium-238 is radium-226.  A product of radium is radon-222, a radioactive gas, with a half life of 3.83 days.

 

Among the man-made radioactive materials is plutonium-239, with a half life of 24,000 years; Cesium-137 with a half life of 30 years; Cobalt-60 with a half life of 5.3 years; and iodine-131 with a half life of 8 days.  Because of the chemical affinity of Iodine for the thyroid gland and the relatively short half-life of Iodine-131, that radioisotope is used as a drug to treat certain diseases involving the thyroid.   Its radioactivity drops to a negligible value in a length of time that is reasonable for such of medical treatments

 

1-3.  What are the benefits of radiation?  The gifts that ionizing radiation offers to man are great, but we must be aware that few gifts are free of costs.  In the final balance, unless the benefits from its use exceed the costs (or risks) we should forego the gift.  For example, consider the sun -- a nuclear furnace that emits all kinds of radiation, including ionizing radiation.  We do not need to dwell on the value of the sun's infrared radiation (heat), or the visible or ultraviolet radiation (light).  These are a part of our natural world and we could not live without them.  At the same time, it must be pointed out that any of these natural radiations also carry a potential for harm.  Too much infrared, could cause everything to burn up.  Too much light in the visible spectrum could cause blindness, and too much ultraviolet could cause severe sunburn or skin cancer.  

 

Because the public is most familiar with hearing about, or experiencing, x-ray examinations,  a few examples of their use will be noted here and discussed in more detail later.  X-rays are widely used in medicine today to visualize outlines and structures in the body and the body organs, to detect foreign  bodies, to help in the repair of broken bones, and to detect diseases.  For many years, x-rays played a major diagnostic role in reducing the threat of tuberculosis.  

 

But, as for so many other things -- certain medicines, for example --  x-rays, if used carelessly or in ignorance might increase the risk of cancer and even injure or kill a patient.  However, we now know so much about ionizing radiation, and how to minimize our exposure to it, that there is no longer need to fear its proper uses.  We can minimize improper uses through education, training, and enforcement of the rules for use that have been developed over the last fifty years.  All of the ionizing radiations discussed above can now be used for a wide range of useful purposes with a high degree of safety.

 

This brings up the question of "safety" -- a term that is very much in the minds of everyone today.  Safety, as a concept, has been  misstated to the public at times and is misunderstood much of the time.

 

1-4.   Is radiation safe?  There is no such thing as perfect safety.  To understand this, let us again turn to the dictionary.  Safe or safety is defined as, "the state of not being liable to danger or injury of any kind;  free from hurt, injury, or damage".  It must be obvious from this very precise definition that there can be no such thing in the practical world as complete and total safety.  Even as you lean back  in your chair reading this book, you are at risk from something, for example, tipping over backward and breaking an arm.

 

Since there can be no complete safety, it is true that in everything we do there is some element, however small, of possible hazard or risk.  Thus, in each decision we make to take an action, there is probably an element of chance, some small gamble  -- some risk -- to be considered.  Most of the time we do not  think about it; we make our decisions unconsciously.  Stop to think of it sometime.  If you cross a street when there is only a little traffic, you watch for a traffic break; if you step across a small stream, you look for a dry spot on the other side so you will not slip.  In each case, an essentially unconscious  decision has been made to minimize the risk.

 

Whether we stop to think about it or not,  some choice of action  may be relatively more or less safe than the alternative.  The use of x-rays affords a good example of relative safety.  A routine x-ray examination to detect a possible cancer might involve a minuscule chance of, itself, causing some injury.  (This is the kind of a chance that may exist in the taking of any ordinary drug).  However, the cancer, if left undetected, could be fatal.  The risk of not having the examination could be vastly greater than any radiation risk from the examination itself.  This is frequently referred as the risk/benefit consideration.  When you take an exceedingly small radiation risk for the highly positive benefit of detecting the tumor so it can be cured, the benefit of the diagnostic procedure enormously outweighs whatever small risks it might entail.

 

And yet, over the past twenty years or so, there have been cases of persons resisting, or even refusing, a standard x-ray or nuclear radiation examination because they had heard or read somewhere that all radiation is dangerous.  They have done this blindly, in reaction to some rumor, news item, or gossip.  There is no doubt in my mind that  some people have lost their lives because they didn't understand the risk/benefit relationship involved.  Put another way, you have the choice.  If, to avoid a minuscule x-ray risk, you refuse a diagnostic x-ray examination prescribed by a competent physician, you take the chance of allowing a fatal disease to remain undetected.  If you accept the physician’s advice along with a minuscule x-ray risk, you will either find evidence of disease and enter into treatment, or learn that you are free of the suspected disease.  Either result is far better than not knowing at all.

 

Scientists cannot yet completely rule out the extremely small chance of some injurious effect from a very small exposure to  radiation -- like that from a diagnostic x-ray examination.  On the other hand, if such injuries do occur, they are rare, and scientists have so far been completely unsuccessful in finding and identifying them, just because they are so rare.  Millions of dollars have been expended on research  by the world's leading medical doctors and scientists, seeking positive evidence of significant injuries to man from the low levels of radiation exposure associated with most medical x-ray examinations.   None has been found. 

 

1-5. How were radiation and its effects discovered?   In 1895, Professor Wilhelm Conrad Roentgen discovered x-rays.  Before then, he, and many other scientists around the world, were studying electrical discharges in gases, similar to the colorful discharges now seen in neon signs and fluorescent lighting. However, in those early years, not much was understood about what was happening,  and there was great curiosity about the beautiful electrical displays that were observed in the partially evacuated discharge tubes.

 

On the day of Prof. Roentgen’s discovery, there were several scraps of metal, covered with  fluorescent material, lying about on his work bench.  He noticed that, even when the tube was operated inside a closed cardboard box, some of these scraps began to glow when he turned the tube on and stopped glowing when he turned the tube off.  He quickly concluded that whatever  caused the glowing originated inside of his vacuum tube.  Prof. Roentgen then realized that he had discovered a new phenomenon or a new kind of radiation.  Because it was unknown -- and because in mathematics, X is used to stand for an unknown quantity -- he called these rays, “x-rays”.

 

The remarkable thing is that within a few days after his announcement of this new effect, experimenters all over the world were producing x-rays with equipment that they had in their laboratories for years. 

 

Within a few weeks after Roentgen's announcement  of the discovery of x-rays, a French scientist, Henri Poincare, reasoned that there might be some connection between the rays from Roentgen's tubes that made certain minerals  glow, and something in the same minerals that would spontaneously produce the same glow or phosphorescence.  A colleague, Henri Becquerel, undertook a systematic study of such minerals, including those containing uranium and potassium.  After some initial experiments, he placed some of these minerals on photographic film in a dark drawer and found dark spots on the developed films where the minerals had been placed.  He soon realized that he had discovered a type of radiation that was very much like Roentgen's x-rays.  Becquerel  had, in fact, discovered natural radioactivity, and he reported this about a year after Roentgen's discovery.

 

At about this time, Pierre and Marie Curie began trying to isolate the actual sources of the radiation Becquerel had discovered.   Their work involved collecting and  refining many tons of a uranium ore known as pitchblende.  In December 1898, they announced the discovery of  some very strong radiation from one of its constituents,  a metal that they named “radium”.  After many years of research and production efforts, enough radium was isolated in pure form to enable it to be used in the experimental treatment of cancer, and for some commercial purposes.  It was, however, enormously expensive, costing about $75,000 (in 1920  dollars) for 1 gram (1/35th of an ounce).  At this rate one ounce would have cost about $2,500,000.  However, even more than 20 years later, in 1920, there was less than an ounce of Radium available in all commerce.  Subsequently, with the discovery of large quantities of radium-bearing ore in Africa, the price dropped and radium began to be widely used in medicine.  

 

There was no reason to suspect any particular danger from rays that couldn't even be seen, so early researchers worked freely and feverishly with x-ray tubes.  Thomas Edison, in this country, and others elsewhere, were exposed to unlimited amounts of radiation,  unaware of any problem until they developed severe skin ulceration.  Edison was one of the first to report this effect.  Various safety precautions were immediately introduced, and experimenters began to be more careful.  Most of the safety precautions involved placing some kind of material, such as lead, between the source and the experimenter.  While this practice did not completely shield the experimenters, it certainly reduced their exposures.

 

Literally within months of the discovery of x-rays, x-ray tubes were being manufactured all over the world.  They came into almost immediate  use in medicine -- assisting in the examination of bones, teeth, and other parts of the human body.  Many of the early medical x-ray practitioners put themselves at risk of injury because they did not know how to quantify their radiation exposure nor how to evaluate its potential effects.  The early x-ray physicians  received some exposure during each patient examination, and they examined many patients.  Individual patients  must have had some exposures that were fairly large compared to those of today’s patient and which may have lasted as long as thirty minutes (exposures today may take as little as 1/120th of a second).   Few, if any, of these early patients are known to have been seriously harmed by x-radiation. 

 

The widespread  use of radium soon led to some of the same problems for the physicians administering it as had been seen with the use of x-rays, and similar protective practices were soon adopted.  This meant that there was a good twenty to thirty years of experience on safety with radiation from radioactive materials before the discovery of nuclear fission and artificial radioactivity in the late 1930's

 

Great improvements were made in the gas x-ray tubes during the first twenty years of their use.  However, the tubes remained  temperamental in their operation, and they could not operate for extended periods. This situation changed radically in 1914, when Dr. William D. Coolidge, of the General Electric Company in the United States, developed the hot-cathode x-ray tube, which is still in use today. These new tubes operated steadily and reliably, and their radiation output was many times greater than that of the early x-ray tubes.  

 

The introduction of Coolidge's new tubes into medicine and industry coincided with the start of the First World War and the large demand for the use of x-rays  by the military. Under the stressful conditions of combat, physicians using x-rays worked hour after hour, looking for shrapnel in wounded soldiers, setting broken bones, and examining other injuries.  They often worked with their hands and forearms in the x-ray beam while they manipulated medical tools.  The pressures of the battlefield took first place, and physicians had little time to consider the risks to themselves.  As a result of the large x-ray exposures caused by these practices, many doctors received serious injuries, losing fingers,  hands,  arms, and some,  their lives.  

 

1-6.  How were radiation safety standards developed? Even after the introduction and use of the Coolidge x-ray tube, the detailed effects of radiation on the body were poorly understood. Moreover, there were no uniform methods for measuring or controlling the amounts of radiation to which the physicians of that period were exposed.  In fact, soon after World War-I ended in 1918,  medical practitioners began to fear that they might have to give up the use of x-rays altogether, because of the unacceptable hazards to themselves.  

  
Largely as a result of this concern, the radiologists of the world organized The First International Congress of Radiology which met in London in 1925.  The first  important objective of that Congress was the immediate establishment of a committee to develop and reach international agreement on a standard method and unit in which to measure radiation - to be the "feet and inches" of radiation, as it were.  Up until that time, trying to describe the amounts of radiation that scientists or physicians were using was like trying to measure  a piece of property without any rulers or tape measures.

 

The other objective was to plan the organization of a second committee and program on protection against radiation at the time of the next Congress, which was to be held in Stockholm in 1928.  It was hoped that by then there would be at least tentative agreement on the measurement problems.  Until such agreement was in hand, little progress could be made on the issue of protection. 

 

By the close of the 1928 Congress, the measurement committee was able to report agreement on a new quantity, and a unit to be named the Roentgen,  for measuring x-rays.   That unit remained in use until 1953, at which time two, more fundamentally based units were added -- the rad and the rem.  These terms have been used fre​​​​​quently in news accounts and will be discussed in more detail later.  

 

The Congress also led to international acceptance of the initial recommendations on radiation protection for users of both x-rays and radium.  It is important to realize that  the possibility of radiation injury was a matter of concern for at least 45 years prior to the development of controlled nuclear energy,  as we now know it.  The central problem in developing standards was to reach agreement on a specific, numerical level of  exposure to which humans might be subjected with reasonable assurance that they would not be harmed.  In the 1920's that was not yet possible.  However, agreement was reached on a series of recommendations for the shielding of radiation workers from x-rays and the gamma rays from radium.     

 

 British and German radiologists had developed relatively simple x-ray protection recommendations as early as 1913.  By 1920, the British, followed by radiologists in the United States and several other countries, developed more complete protection recommendations for both x-rays and radium.  In Stockholm in 1928, two new international commissions held their first meetings: (1) the International Committee on X-Ray Units (ICRU), (later to be The International Commission on Radiation Units and Measurements), and (2) The International Commission on Radiological Protection (ICRP).  Thus, by the end of the summer of 1928, international agreement had been reached on a system for radiation measurements and another on standards for radiation protection. 

 

At the time, development of safety principles and practices was a matter primarily of concern to the medical profession, but it was recognized by the professional medical and radiological societies  in the United States that there was  no single organization equipped to speak for all of them and obtain an agreement on radiation protection standards designed specifically to meet the medical needs of this country.  As a result, an Advisory Committee on X-ray and Radium Protection was organized in 1929, to represent the various medical organizations and  x-ray equipment manufacturers.  That organization continues to function, now under the name of National Council on Radiation Protection and Measurements (NCRP).   Its responsibilities have broadened over the years;  in 1989 it celebrated its 60th anniversary and the 25th anniversary of the Charter given to it by the United States Congress in 1964.

 

By mid 1931,  physical standards for the measurement of x-rays had been developed in four countries, including the United States, and were found to be in good agreement.  The remaining task was to determine an acceptable level of radiation to which radiation workers might be on a continuing basis with reasonable safety.

 

This level was initially described as a tolerance dose, which is another way of saying a dose that is acceptable, or can be tolerated, by individuals in relative safety.  In 1934, the amount of dose adopted by the NCRP as tolerable  was 1/10 unit a day (30 units in a year).  Later that year 1934, the ICRP proposed a value of 2/10 unit a day (60 units in a year).  Both were based on working 300 days a year. Observations during the 1930's and later appeared to confirm that both of the tolerance doses which had been proposed were  within reasonable safety limits.  

 

A major test of these standards came with their use at the start of the atomic bomb project in the early 1940's.  During the three years of the project, a great amount of biological research was conducted.  Several men were killed in a laboratory accident that exposed them to very large amounts of radiation.  No one else was  seriously injured by radiation during that entire intensive development - a clear demonstration that the Advisory Committee standards were indeed effective.

 

After  World War II, the NCRP was reorganized; it greatly expanded its study programs to include all of the newly discovered radiations and their accompanying problems  Because it was realized that the use of radiation would soon be much more widespread than it had been before the war, in 1946 NCRP recommended a reduction of the tolerance dose for radiation workers from 1/10 unit in a day to 3/10 unit in a six-day week.  This was half of the previous allowance, and permitted up to fifteen units in a year.  
By this time it was recognized that there were two major classes of radiation exposure conditions, and they could not be treated in the same way.  First were acute exposure conditions; these would involve large radiation exposures in  short periods of time and could result in serious injuries, recognizable within hours or a few days.  In peacetime they could be caused only by a major accident (which fortunately is likely to be very rare) or by a large therapeutic radiation exposure.  The second class, the more common exposures, often referred to as protracted exposures, involve very small amounts of radiation, generally delivered over long periods of time - months to years.  For these exposures there is almost complete uncertainty as to any effect in man.  If an effect occurs at all, it might not be clinically observable for many years and would probably be indistinguishable from same effect caused by any of a large number of other agents.  

 

The permissible levels of radiation exposure for radiation workers and the general public fall within the category of protracted exposures.  They are frequently referred to as "low dose".  In fact, the tolerance dose level, and later permissible dose levels, were originally chosen in the belief that no injuries would ever be found at or below these levels -- and that  may be true.  The discussions in this paper apply only to exposures below the permissible dose limits.

 

The reduction in permissible dose in 1946 was not made because of any observed effects or new knowledge that radiation was  more hazardous than previously   thought.  It was done because it was practical and prudent and could be accomplished without an unacceptable increase in cost.  Also, in 1946, an upper limit of exposure for children in the population was recommended.  The limit was to be not more than 1/10th of that for radiation workers.  Since children could not be separated from adults as far as radiation control practice is concerned, this meant that all members of the public would be equally protected with an extra safety factor of ten. 

 

By the mid-1950's our radiation technology had increased extensively, as had also the uses and applications of radiation by the public and our knowledge of the biological effects of radiation.  Our capabilities in protection had also increased, so at that time it was decided that the allowable, or permissible, dose for radiation workers could again be further reduced, this time to 5 units in a year - and 1/10th of that amount for the public.  Again, no evidence of increased hazard prompted this change.   Subsequent studies have shown that radiation at moderate and high doses is a weak carcinogen -- it can increase the risk of cancer.  It is not known if low doses are also carcinogenic, but the assumption is often made, for planning and design purposes, that there could be some small risk associated with low doses of radiation.

 

The point of this discussion is to make it clear that over the last 80 years there has been a continuing study of ionizing radiation to enable its continued use within acceptable limits of safety and with freedom from fears of injury.  Because of the confidence we now have in our understanding of the biological effects of radiation and in our capabilities for properly measuring it, ionizing radiation today is among the least threatening of the carcinogenic agents to which people are exposed.

 

 

All of the actions discussed above were carried out by private organizations completely outside of any government structure or controls, although several government agencies were participants in the committee activities on the same footing with the professional organizations.  This continued until the late 1950's when some Congressional Hearings brought to light the fact that the federal government had never developed any radiation protection standards of its own.  It had simply adopted those recommended by the NCRP in 1934, 1946, and again in 1956.  In 1959, a Federal Radiation Council (FRC) was established  to officially watch over government radiation protection standards and practices.  After about a year of study, the Federal Radiation Council adopted the standards proposed by the NCRP.  Today the functions of the FRC are performed by the US Environmental Protection Agency.

 

It is worth noting that the acceptable, or permissible, doses in 1934 were 12 times higher than in 1990.  Nevertheless, it has not been possible to find any differences  between the kinds and patterns of cancers seen in people who might have been exposed to radiation at those earlier levels and the cancers that normally occur among the general public today. 
 

Furthermore, it has never been possible to establish an unambiguous link between and  radiation exposure and cancer incidence in groups of workers exposed to radiation while working within the accepted standards of safety (in the range that is commonly referred to as "low-level radiation")                             

1-7.  Is radiation a part of the natural world? We live in a sea of radiation.   Radiation has always been a part of our lives -- not just since the release of atomic energy half a century ago.   Radiation has been a part of our natural environment since our world began.  Different kinds of radiation touch us every moment of our lives, and some kinds will play an increasingly important role in our ability to continue to live on this planet.  In this book, discussions will be focused on ionizing radiation.   These  radiations are of growing importance today, and the continued development of their uses will depend, to a considerable extent, upon  decisions that will be made by all of us, in times that are not too far ahead.


 

It is unfortunate that the first widespread attention to any kind of atomic radiation came in connection with warfare.  The military use of radiation  is a subject that will not be dealt within this document.  We are looking at nuclear radiation as it is used in many peaceful ways.  It is something that we need and can utilize for the benefit of mankind, as long as it is properly controlled.  Part 2 will discuss some examples of radiation uses in research, industry, and medical diagnosis and treatment

 

There are  many aspects of  radiation that are critically important to our lives, and it is important that we all know the facts about radiation.  Sooner or later, it will be necessary  for us to exercise our own individual judgment in interpreting things that are said or  written about radiation.  This judgment must be based on factual knowledge. The study of radiation, how we produce it, how we measure it, and how we protect ourselves from its possible harmful effects, involves a mixture of many different scientific and technical disciplines.  These include biology and medicine, chemistry, physics, mathematics, and engineering.  


 

There are a number of different parts of the problem of understanding radiation.  Information on the negative aspects of radiation is widely distributed and poorly de​​​​​​scribed.  In this book, an attempt will be made to undo the effects of such incomplete and misleading information, by pointing out some of the facts we need to know about radiation.  These facts will relate to the effects of small amounts of radiation.  As is the case for any physical, chemical, or biological agents  we  know of, radiation, if excessively or carelessly used, can be harmful.  But in this country over the last 40 years, we know of no deaths caused by exposure of the public to nuclear radiation.   

 

The statement immediately above applies to the accident at Three-Mile Island.  Following that event, some writers predicted that  as many as a thousand deaths would follow.  Actually, there was not a single biological injury found, let alone death,   that can be definitely related to radiation from that accident.  The statement also applies to the  production of electricity by other nuclear power plants in the United States. A study by the National Institutes of Health of the populations surrounding each of the nuclear power plants in the U. S. was completed in 1991.  It found that there were not significantly more cancers or other radiation-related effects in areas near the plants than in areas far removed from nuclear activities.

 

The discussions to follow will be limited to what is commonly referred to as ionizing radiation.  We will simply use the term "radiation" to mean "ionizing radiation" unless otherwise indicated.  Our aim, overall, is to show that properly controlled applications of ionizing radiation are critically important and are far less dangerous than is claimed by their critics.                                       

1-8.  What radiation exposures do people get?  Up to this point, several different kinds of radiation and their sources have been mentioned.  It is now appropriate to examine how the different radiations are divided among natural sources -- the ones that exist essentially everywhere in the world -- and man-made sources -- those used in a variety of applications and subject to our control.

 

Up to this point we have not expressed amounts of radiation in any particular units -- the “feet and inches” of radiation exposures.  One of the units used for many years, and frequently mentioned in the media, is the "rem".  (This is a name, not an acronym).  Most of the radiation doses we discuss in reference to exposures of the pubic are less than one rem, so we often speak in terms of 1/1000th of a rem -- a millirem.  Rem and millirem have the same meaning for radiation as gram and milligram have as units for measuring a dose of common drugs.  In  the comparisons to be discussed below, we will use the millirem.   
The pie chart in Figure 4, taken from NCRP report No. 93,  illustrates the sources of radiation exposure to people in the U.S.; it indicates that the average exposure of persons in this country is about 360 millirems in a year.  

 

The radon, terrestial and comsic areas on the chart indicates that about 82% of our exposure to ionizing radiation is from natural sources in the environment.  The largest contributor to the total, about 55%, is radon, a radioactive gas which originates in the radium which is a component of practically all soil and rock.  The other exposures from natural radiations are those from cosmic radiations from outer space -- about 8%; terrestrial sources -- about 8%; and internal  radiation, primarily from radioactive potassium in  our bodies -- about 11%.  The sum of all of these is an average exposure of almost 300 millirems in a year. 

 

Contrasted with this, the medical related portion of the pie chart shows that medical x-rays account for an average of only about 11%, and nuclear medicine, another 4%, of the average person’s radiation exposure, for a total of about 54 millirems.  These medically related exposures generally have clear-cut benefits to our health.  
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Radiation exposure from commercial applications of ionizing radiations contributes only about 3%, or 11 millirems, to our total exposure.  Among the most important of these sources of radiation are our domestic water supplies, building materials, mining and agricultural products, and fuels -- particularly coal.  Each of these applications is generally associated with some net health benefit.  The average exposures from these sources are  small and are often expressed in microrem (millionths of a rem) rather than millirem.  There are a wide variety of lesser sources --  television sets, for example.  Luminous watches and clocks, airport inspection systems, and smoke detectors, contribute to the average person's exposure less than a hundredth of the radiation from TV receivers.  And the radiation from television sets is, itself, quite small.

 

It is worth noting that the present production of electricity by nuclear power contributes, on average, only about 1/1000 (.001) of our radiation exposure; that includes  mining, milling, reactor operation, transportation, and waste disposal.  Electricity production from coal-fired power plants, on the other hand, contributes, on average, up to about 5/1000 (.005) of our radiation exposure.  In other words, up to five times as much radiation exposure of the population results  from coal-fired plants as from  nuclear power generation.  It should be noted that there are other types of environmental pollution, e.g., from toxic chemical emissions, waste, and mining, associated with coal-fired power plants.

 

Part 2  PROTECTION OF RADIATION WORKERS AND THE PUBLIC

2-1  The development of radiation protection standards.  Part I showed, in simple terms, what ionizing radiation is and some of the factors that have been considered in establishing the standards of radiation safety used in the world today.  It is strictly a nontechnical overview.  For those who may want to better understand the basic aspects of  radiation protection, this Part  will add more detail.  The few special terms necessary to understand the explanations, including the names and use of the radiation quantities and their units, will be dealt with as simply as possible.  

 

Unfortunately there is a complicating factor which cannot be avoided.  In the late 1970's, an international agreement was made concerning physical quantities and scientific units, including those for ionizing radiation,  to be used in future years.  Many  terms, to which the scientific community had become accustomed were changed, both in name and in size.  Even though there is an international agreement on paper, it is impossible to have the names and sizes of physical quantities change and expect the new formulations to fall into immediate use.  To ease the transition, technical publications, in 1979, adopted the practice of using the old units (which had been in use for many years) followed immediately by the new units in parentheses.  Five years later the practice was to be reversed to use the  new units, followed by the old units in parentheses.  Eventually all publications will be using the new system of quantities and units exclusively.  This has already been done in the rest of the world, without exception.  In the United States, both the old and new units are still used by government agencies and the nontechnical media.

 

Most material written in this country about ionizing radiation,  in such nontechnical sources  as newspapers or magazines,  continues to use the old units.  Therefore, you will need to recognize both the old and the new units.  After a short discussion about the units, a small list of equivalent units will be given.  This appears to be the best compromise to deal with an otherwise unfortunate situation, as far as the public reader is concerned.

 

In Part 1, the term "dose" was used in a very general sense to mean  the amount of radiation a person is exposed to or the amount of radiation absorbed by or in the body.  For purposes of protection standards, a dose is the energy absorbed  in the organs of the human body.  To be exposed to radiation, that is, to absorb some radiation energy, is to receive a radiation dose.   The terminology “dose” is a carryover from the early medical use of  x-rays, comparable to the dose of medicine measured in grains or ounces.  For medicine, a full prescription includes other information besides the number of grains or ounces of the drug; it includes the time and amount of each administration; whether it should be taken with, before, or after meals; possible interactions; and other data, so that the desired effect could be achieved.  For radiation, the beneficial  effects can be best achieved only if the quantity of radiation, as well as the  rate and manner of delivery to specific organs, is specified, and its physical characteristics are described.  All of these together - and  more - constitute the prescription of a radiation dose.

 

An example of the need to consider all of the factors involved in the description of a dose of radiation, we might look at the prescription of a medicinal tablet.  A prescribed tablet taken once a day for twenty days may be very effective in treating a particular disorder, but to take all 20 in one day could be lethal.  A dose of radiation  to individuals must make allowance for the fact that individual body organs may respond differently to equal amounts of the same radiation delivered over different time intervals.  Moreover, the same organ may respond differently  to different kinds of radiation.  A dose is commonly expressed in "rem", a unit which allows for the radiation differences.   Because, in most radiation work, the amounts of radiation to which workers are exposed are usually  very small, the dose is often expressed in millirem, or thousandths of a rem.  The rate of delivery of the dose would be expressed in millirem per hour (or day or year)


 

The units for dose are as follows:

 

New System 


Old system
1 sievert (Sv)               =
100 rem

0.010 sievert (Sv)        =
1 rem = 1000 mrem

10 millisievert (mSv)  =
1 rem

1 millisievert (mSv)    =
0.1 rem = 100 millirem

 

To help readers to understand the significance of some radiation incident or situation, writers frequently  make comparisons between the dose in question and a dose to a typical individual from a chest x-ray examination.  This is done in the honest belief that since almost everyone has had an uneventful chest x-ray, such a comparison will be helpful to understanding radiation quantities.  Helpful or not, it is a poor comparison and under some circumstances may be misleading.  Such a misuse of the dose concept occurs in comparisons between, say,  a 20 millirem dose given to a person for a chest x-ray examination for medical purposes, and a  20 millirem dose received by a radiation worker in a nuclear power plant over a 30-day period.  The first is a dose to a small portion of the body in a fraction of a second; the second is a dose to the entire body, distributed irregularly over many days.  Obviously it is improper and may be misleading to directly compare such different events.

 

With this background it might be noted that the official Government standards for radiation protection in current use today, except for a few refinements which will be noted as we go along, are essentially the same as those proposed by the International Commission on Radiological Protection (ICRP) and the U.S. National Committee on radiation Protection and Measurement (NCRP) in 1956-1957.  At that time, the  people who might be exposed to ionizing radiation at levels that appeared to be  critical were primarily radiation workers, for whom it is practically impossible to reduce radiation exposure to zero.  The value for the basic maximum permissible dose chosen for them was 5 rem (50 millisievert) in a year.

  
It was recognized in the early 1950's that some members of the general population might occasionally be exposed to radiation resulting from  the nuclear operations and weapons tests  being carried out during that period.  Since it was not practical to exercise direct control over the  receipt of exposure by individual members of the population an additional “safety factor” was provided.  Their permissible  dose limit was set at one tenth of that allowed for radiation workers, or 500 millirem (5 mSv) in a year.  Later, because of the impracticality of controlling, or keeping track of individual exposures, an average permissible effective dose for a large population group was set at one third of the individual permissible effective dose, or 170 millirem (1.7 mSv) in a year.

 

The official permissible dose of 5 rem (50 mSv) in a year for radiation workers  has remained essentially unchanged  since 1956.  The principal reason is the fact that since 1956  there has been no convincing evidence that individual workers who were exposed up to that level were injured by  radiation.  If 5 rem is considered acceptable for individual radiation workers, the degree of safety would be even greater for members of the general public, since they are allowed  only one tenth of that acceptably safe dose.

 

Furthermore, an overview of all of the radiation uses and practices that have been developed since 1956  has failed to disclose any reasonable likelihood that the patterns of exposure to man-made radiation will develop any new and unexpectedly dangerous aspects.  Actually, there is probably less man-made radiation loose in the world today, since the atmospheric testing of nuclear weapons was discontinued in the early 1960's.  The pie chart in Figure 4  shows that 99% of our radiation exposure is caused either by natural radiation or man-made radiation from identifiably worthwhile products or procedures.  Of the remaining 1%, roughly one third is due to radioactive fallout from  nuclear testing from 1945 to 1963, and that value today is probably only about half of what it was in 1956 when the current standards were introduced.                 

 

2-2  What risk means to the public. A major problem that faces the radiation protectionist and radiation industries and that  influences public opinion about radiation, is our society’s general attitude toward risks.  This fearful attitude is fed by the radiation-risk threats made by certain anti-war, anti-industry, and anti-nuclear activists.  The subject of risk is so broad and complex that it  deserves a whole book  itself.  In this book, we must  limit the discussion to a few words about it that are necessary here.

 

Over the past few years many  studies have been made of risks of all kinds and how they are regarded by the public.  There are many data available on actual casualties or injuries in industrial activities and in conventional activities in which the general public engages.  For example, consider automobile-related injuries and deaths.  That close to 50,000 people are killed by automobiles during a year, is a fact -- not an estimate or extrapolation.  Such a number does not depend upon theory.  From such data surprisingly accurate predictions of automobile accident fatalities can be made and can be verified by counting the bodies.

 

In contrast with such risk studies, for which there are observed and recorded data; the available data for radiation effects cover only a relatively narrow range of radiation exposures.  Two of the principal sources of data on the effects of radiation on human populations are the studies of patients treated for ankylosing spondilitis - a disease of the spine - and of Japanese survivors of atomic bombing.  There are scattered sources of data from the radiation treatment of other diseases, but these serve more to verify the other two main sources rather than to widen the range of information.  Most of these data are in the "high dose " range of acute exposures  and are therefore  outside of the "low dose" range that is the only one with which the public need be concerned.  ("Acute exposure" means a single exposure, usually delivered in a short time period - from fractions of a second to a few hours).   Extension of these data to obtain estimates of dose effects in the low dose range  almost invariably leads to unnecessarily high risk estimates.   Such extension is an improper procedure.

 

From the many studies of radiation effects that have been made over the past 50 years, virtually no significant effects on humans have been found when protracted doses are below about 20 rem (0.2 Sv).   Nor are there any significant data for acute doses below about 5 rem.(0.05 Sv)  This is not to imply that we know that there are no effects in the range below 5 rem; there may be.  However, if there are any effects they are masked by the cancers caused by  any of hundreds of other agents to which people are exposed daily.  Unfortunately -- or fortunately --  the  doses in the range of 5 rem or less, acute or protracted, are the ones about which the general public should be better informed, because they comprise the vast majority of doses that the public is likely to receive in health care or as a result of industrial activities.

 

The difference between the effects of occupational or public exposures, as from medical x-rays of a part of the body, and the effects from instantaneous exposures of the whole body, as from a bomb, is farther widened  by the fact that the former is rarely of an acute nature and is more commonly distributed roughly evenly over  time.  For any dose of moderate size, (up to at least 50 rem) there is evidence that some degree of recovery of any damage to body cells caused by radiation takes place following each individual exposure.  It is conservatively assumed that this recovery would occur in the dose range up to 5 rem.  In other words a dose of 5 rem (0.05 Sv), distributed randomly over a year, is less effective  than the same dose given all at once, e.g., within an hour. 

 

It is now believed (based on biological theory and experiments) that for exposures below 5 rem, any effects would not exceed a maximum value and may be less than the maximum.  The maximum value is proportional to the dose no matter how it is delivered.  Thus, if a dose of 5 rem would cause 25 effects of some kind, 1 rem would cause no more than 1/5 as many, or 5 effects.  This theoretical relationship is applied in the entire low-dose range.  Since we do not have any data on effects  on humans in this range, we have to accept the possibility that the actual number of effects may be anything between zero and this theoretical maximum.

 

To bring this relationship into the range of general interest in normal radiation exposures, we might examine what effect (let us say, deaths from cancer) would result from exposing each of a million people to a single dose of 1 rem (0.01 Sv), excluding all natural radiation.  By simple proportion, based on the effects of higher doses on the Japanese survivors, the 1 rem (0.01 Sv) would  be expected to cause a maximum of 300 to 500 cancer deaths among that million people at some time in the future. In that population there would also be about 200,000 deaths from cancer from all causes.   The difficulty in demonstrating the effects of radiation for individual exposures of less than 10 rem, is that this number of deaths will be too few to detect with any meaningful accuracy among all the other causes of deaths.   Moreover, there is simply no way to find a million people who may have been exposed to a single dose of about 1 rem, and no other radiation exposure, other than  that from natural sources, experienced over the rest of their lives.  

 

The most that we can say with any moderate certainty is that if a million people are each exposed to a dose of one rem of radiation to their whole body, up to 500 of them may ultimately die of cancer as a result.  (Of course everyone will be exposed to this much radiation every 2 or 3 years from natural sources, very little of which can be avoided).  This problem of uncertainty is further compounded by the fact that in any  situation involving cause and effect, the difficulty of proving that there is no effect is much greater than proving that there is an effect.

 

 All of the arguments about the effects of very small radiation doses share a common weakness.  In dealing with any uncertainty in our knowledge, and its application to the determination of the effects of small radiation exposures, our conservative tendency is to overestimate rather than underestimate the hazard.  If there is a range of choices in interpreting the scientific findings, we incline to choose the more conservative position.  That is, we make the hazard appear to be greater than it may actually be on the basis of observable effects at high doses  Thus our assumptions, if in error, lead to working dose limits that  may be lower than actually necessary.

 

2-3  Radiation dose limits for people.  As already noted, in 1934, it was believed in the U.S., on the basis of  limited experience, that some amount of radiation could be accepted, in relative safety, by radiologists in the course of their clinical work.  This did not mean that this amount was absolutely safe, but only that it was tolerably safe -- any adverse effect would be considered as minor, and would not impair the health of the professional radiologist or the radiation worker.  It was then called a tolerance dose and  would have permitted individual exposures up to 0.1 rem (0.001 Sv) every day for a working lifetime -- say, 50 years. 

  
Studies of the deaths of radiologists who had been exposed to x-rays before the time the first tolerance dose was adopted in 1934, showed  that cancers among radiologists were appreciably more frequent than among physicians who had not worked with x-rays.  Later studies of a similar nature, covering radiologists who were exposed after 1934, have not shown any significant difference between the death rates of radiologists and non-radiological workers.  There is no way of knowing exactly how much radiation was received by radiologists during either period because personally-worn radiation-measuring devices were not available in any quantity, until perhaps the late 1940's.  However, the data clearly indicate that in spite of a substantial increase in activity in the field of radiology, the introduction of numerical standards resulted in a significant improvement in overall radiation safety.

 

In 1946, immediately after the war, in the U.S., the National Committee on Radiation Protection reconvened and was reorganized. Its first objective was to review the basis for the establishment of a tolerance dose.  This review took several important factors into consideration.  First, it was recalled that in 1941,  the Committee had determined that there was probably no level of exposure below which radiation would not produce some adverse genetic effects.  This was an expression of the no-threshold concept, which says in effect, there is no level of dose below which effects do not occur.

 

Because of the huge amounts of radiation expected to be developed during the atomic bomb project, the government began a correspondingly large research effort into studying the effects of ionizing radiations of all kinds and at all levels of exposure.  One major benefit of this effort was the development of a great many sophisticated dose-measuring instruments and devices so that individuals could be readily monitored.  

 

By measuring the radiation exposure of individuals and studying the measurements in relation to their work, it was found that the necessary work could be carried out, at acceptable costs, without having to expose workers to as much as 0.1 rem in a day.  Even though  no adverse  effects had been found at that level of exposure, the government-operated nuclear plants found it possible to conduct many of their operations at "a working tolerance dose" level as low as one tenth of the accepted tolerance dose or 0.01 rem (0.0001 Sv) in a day.  

 

It should be noted  that in 1948, the term "tolerance dose" was dropped and "max​imum permissible dose" was substituted.  Since the late 1960's the term "dose limit" has been frequently used.  These changes were made primarily for semantic reasons and the numbers were not affected.

 

The world's radiation protection philosophy  today is set forth by the International Commission on Radiological Protection in a statement outlining its system of radiation dose limitation, the main features of which follow:  "(a) no practice shall be carried out unless its introduction produces a positive net benefit; (b) all exposures shall be kept as low as reasonably achievable, economic and social factors being taken into account; and (c) the dose equivalent  to individuals shall not exceed the limits recommended for the appropriate circumstances by the Commission".  

 

In common parlance, part (b) above has been reduced to the convenient acronym ALARA, for "as low as reasonably achievable", but without the essential limitations of "economic and social factors being taken into account".  The omission implied in this abbreviation is partly responsible for some public misunderstanding of the full meaning of radiation protection standards.

 

The ALARA concept has been misinterpreted or misused by  some as a byword, to mean "lower the limits, whatever they may be", even though low-level radiation exposures show no more evidence of hazards now than they did thirty years ago.  It is true that a recent reevaluation of the Japanese bombing-effects data concluded that the effect of small  doses -- less than 20 rem -- may be greater than previously estimated by a factor of two or more.  To some that may appear to be significantly large, but it should be borne in mind that we don't really know any of the risk relationships in the very low dose region, as close as a factor of two.  By "the very low dose region", is meant doses less than 5 rem in a year, received acutely or spread out more or less randomly over the year. The concept of achieving  a lowest practicable -- or achievable -- level of exposure is fundamental to the control, not only of radiation but of all potentially hazardous environmental agents.  The ultimate goal of radiation protection, recognizing the impossibility of eliminating radiation exposure entirely, is optimizing radiation exposures to levels consistent with the needs and benefits of humanity and compatible with the other hazards to which man is exposed.

 

 2-4.  The radiations we are exposed to.  Part I-8 presented a very simplified explanation of the pattern of radiation exposures to which the public is subjected.  No details of the kinds of radiation or their actual sources were given.  Part II will provide such details for those readers who wish more specific information to enable them to better shape their judgment or opinions on radiation-related questions. 

 

So far, we have examined the ways in which man not only creates or releases sources of radiation but also tries to control it,  to the point where it should be acceptable, or a matter of limited concern.  Actually, it is only within the past decade that we have suddenly come to the realization that our main sources of radiation exposure are derived from radiation in the environment and that, to a considerable extent, these exposures are beyond our control  

 

As far as a cell in our body is concerned, it "does not know or care" anything about the source of whatever radiation may strike it.  A single x-ray in a chest x-ray examination may or may not damage a cell in exactly the same way as a single gamma ray from radioactive potassium  originating from natural sources in some other part of the body.  Actually, it now appears that of all the radiation exposure that the average person in this country is subjected to, some 82% is from sources that occur naturally in the environment.   No place is exempt from this radiation.  Radioactive material and radioactive gases in individual areas may vary  over fairly wide  limits, but there is literally no place in the world that is entirely free from ionizing radiation. 

 

To examine a few of these radiation sources,  it will be useful to refer back to the chart in Figure 4. When the world was formed, it was made up of a mixture of most of the chemical elements that we know today. Of the natural radioactive elements, the oldest is uranium, which has an isotope with a  half life of 4.5 billion years.  To give some idea of the amounts of uranium we are thinking about,  let us imagine skimming  off one square mile of earth's surface to a depth of one foot.  If we then extracted  all of the radioactive material from this material, we would find, on the average, some: 3 tons of uranium, 6 tons of thorium, and 1 gram (1/35 ounce) of radium.  From these, radon and thoron, radioactive gases, are constantly being produced by the decay of radium and thorium.  Most of these gases are trapped in the rocks and soil.  However, some of the gaseous radioactive elements are continually escaping into the air and are responsible for a major portion of our atmospheric radioactivity. 

 

As already noted, over three-fourths of the radiation to which man is exposed is from natural sources in the environment, and there is little we can do to reduce it by any substantial degree.  Eleven percent of our overall radiation exposure is derived from the use  of x-rays, which are, indeed, produced by humans and are within our complete control.  X-rays, used for a variety of purposes, are generated and utilized only when needed, but all are expected to contribute directly to the better health and welfare of humanity.  Four percent of our overall exposure is from nuclear medicine - again in the service of humanity - employing radiations  which are derived from radioactive materials, some natural in origin, but now mostly man-made.  As in the case of x-rays, these applications of  radiation are also within our control.

 

Well informed people do not fear a medical x-ray examination just because it involves the use of ionizing radiation.  Similarly, well informed people do not fear living near  a nuclear power plant because the plant releases nuclear materials and radiation.  Actually, radiations released in the year-round operation of a nuclear power plant are less than 1/10 of 1% (one thousandth) of those from the natural sources which surround everyone.  To address the fears of the ill-informed, we will provide a brief and non-technical explanation of these natural and man-made radiations in hopes of  demystifying them.  During these explanations, try to keep in mind that over the past thousands of centuries, the human race has developed to its present stature in a climate of radiation which, if anything, was even stronger in the past than it is today. 

 

The fear of living in the vicinity of a nuclear plant of any kind is more reasonably based on the possibility, however remote, of some kind of an accident.  The chance of such an occurrence is very small.  It is reasonable to accept these small risks, as we accept the risks of the other accident conditions that threaten us -- such as airplane crashes, dam failures, refinery explosions, and the disruptions caused by hurricanes, tornados, and major earthquakes.  

 

2-4.1  X-rays   X-rays cover a wide range of energies, some of which overlap those produced by gamma rays.  They are essentially the same as gamma rays, but can be turned on and off at will.  Because the applications of x-rays are so familiar to everyone, some of their properties will be discussed in more detail.  Today, x-rays are produced in vacuum tubes by applying very high voltages to the terminals of the tube.  These voltages may vary from a few tens of thousands to a few million volts.  (A light bulb in the home requires 110 volts).  The ability of x-rays to penetrate or pass through matter increases as the voltage used to produce them increases;  the energy or penetrability is expressed in  kilovolts (1 kilovolt =1000 volts)

 

Dental x-ray examinations, with which most of us are quite familiar, are made with 50 to 75 kilovolt x-rays.  Under most dental office conditions, shielding by 1/32 inch of lead is usually adequate shielding to protect both the dental technicians and persons in adjacent rooms.  Two or three inches of concrete, four to eight inches of cinder-block, or 3/4 inch of barium plaster will provide the same protection.  A distance of 5 or 6 feet behind the x-ray unit - opposite to the direction of the x-ray beam - is usually adequate for the protection of the dentist and x-ray technologist.  Well known radiation protection design principles apply to each individual situation. 

 

To give a very rough idea of radiation protection requirements for medical x-ray installations, the following examples will serve.  Diagnostic x-rays up to 125 kilovolts may need shielding ranging from 1/32 to 3/32 inch of lead or its equivalent in other materials.  Therapeutic x-ray installations operating at 200 kilovolts will need shielding up to 1/4 inch of lead, which, because of its heavy weight, is usually structurally impractical; 12 to 16 inches of concrete would be equivalent.  For “super-voltage” x-rays, ranging up to 10 to 20 million volts, concrete walls and floors may need to be from four to six feet thick.

 

2-4.2 Radioactivity   All matter, physical or biological, is made up of atoms of many kinds and varieties.  Each kind of material or element, for example, iron, copper, oxygen, and so on, has its own kind of atoms.  Even the tiniest speck of one of these materials contains countless atoms -- numbers so large that they lose all meaning to the average person.  These atoms are referred to as stable atoms; they do not change with time; a piece of copper remains copper forever. 


 

In addition to the stable atoms that make up most of the world, as we know it, there are unstable atoms which  undergo continuous change - actually changing from one kind of atom to some other kind.  Usually the new atom is also unstable and at some time will, in turn, change into yet another kind of atom.  Unstable atoms are called radioactive atoms -- “radio” because, in the process of changing or disintegrating, they give off some kind of radiation -- “active”, because they are indeed active; they are chang​ing all the time.  Each atom has its own assortment of radioisotopes and the rate of disintegration differs from one radioisotope to another.  Some examples were given in figure3.  This process of atoms changing is frequently referred to as "radioactive decay".  With each such change, an atom gives out a small part of its vast supply of stored-up energy.  For some atoms  the decay process ends in a stable atom, entirely different from the original unstable atom.  An example of this will be given below. (See para. 2-4.3)       
 

As a part of the process of disintegration, with each change, a small part of the energy in the atom is given up in the form of ionizing radiation.  One kind of radiation is alpha radiation, which can penetrate only two or three inches of air, or be stopped completely (absorbed) by a single sheet of paper or an equal thickness of human tissue.  The outer non-living layer of skin on the human body is thick enough to protect people from external alpha radiation.  Alpha rays are positively charged particles and are emitted by naturally occurring elements such as radium or uranium and some of their decay products like radon, a radioactive gas.  The special hazard of radioactive materials that emit alpha rays lies in the possibility of their being breathed into the lungs, as with radon, or being taken into the body along with food and water.  Within the body cellular components are not shielded from alpha radiation.  Alpha rays are also emitted by some man-made radioactive materials, such as plutonium, but  exposure of the public to hazardous conditions involving plutonium is very rare.


 

There are also beta rays given off in some decay processes; they can penetrate 1/2 to 3/4 inch of water or human flesh - the thickness of a human hand.  An eighth of an inch of aluminum will stop, or absorb,  most of them.  Beta rays are negatively charged particles and are emitted by some naturally-occurring radioactive materials and by some of the waste products of nuclear reactors.  Beta rays are useful in the treatment of diseases involving the skin.  They are of lesser concern than the more penetrating x- and gamma  radiation, as a source of exposure of the general public.   

 

Gamma rays are produced in the radioactive decay  process and occur with a wide range of energies, depending upon the particular kind of radioactive material from which they come.  They can penetrate the human body, which will absorb only a small part of them.  Three to four feet of concrete or several inches of lead are needed to completely stop or absorb them. Concrete and lead are the materials most commonly used in the shields required to protect people from exposure to gamma rays.

 

Neutron radiation is generally of no concern to the public, since it exists primarily inside nuclear reactors, in which the neutrons can be adequately contained.  Neutron therapy is useful for some disease conditions.  Some neutrons are produced naturally at very high altitudes but do not reach the earth.

 

2-4.3  The origin of natural radioactivity.  At the beginning of this planet, some 4-1/2 billion years ago, the earth was a tremendous ball of stuff, the greatest portion of which was the  stable atoms that we are familiar with every day of our lives.  Included in this mass were several kinds of radioactive atoms which, because they were there from the very beginning, are called primordial  atoms.  Important among these, are a few radioactive materials to which we can trace the great bulk of our natural radioactivity on the earth.  Three such primordial radioactive elements will be discussed below because it is from those that we derive the greater part of the "sea of ionizing radiation" within which life has evolved and the human race has developed.

 

The primordial radioisotopes began to disintegrate the moment they were created, and they have been doing so ever since.  Each radioisotope changes into a new kind, and it in turn, disintegrates and changes into another kind, and so on and on. For certain of the primordial radioactive elements there is a long series of such changes before the last one.  The final remaining atom is lead -- stable lead -- the kind of lead we use for shielding ourselves from some radiation sources, or for making sinkers for fishing.

 

Figure 5 shows the series of radioisotopes that result from the disintegration of Uranium-238 which contributes an important part of our radiation background.  Given at each stage is the name of the radioisotope and its half life.  (As explained earlier, the half-life is the time for any given number of  the same kind of radioactive atoms to decrease to half).  Because the precise description of each of these steps is complicated beyond the need or purpose of these discussions, they are being listed by their general names and numbers.

 

It is not the purpose of Figure 5 to provide a mass of information which everyone needs study or know.  It is primarily to show, in the process of nature and natural radioactivity, where some of the radiation and radioactive elements of concern come from.  Important members of the uranium series, for example, are radium-226 and radon-222.   Radium occurs in appreciable amounts in all soil throughout the world.   Radon is a radioactive gas that results from the disintegration of radium.  It has a very short half life, but supplies about 4/5 of the radon shown in the pie chart (Fig.4).  The remaining 1/5 of the radon included in Fig. 4 is Radon-220, a decay product of naturally occurring Thorium-232.  Thorium is twice as plentiful as uranium in the soil. 

 

RADIOISOTOPE

   HALF LIFE  
      RADIATION  EMITTED  
Uranium-238


4,500,000,000 years

Alpha

Thorium-234

   
24 days


Beta

Protactinium-234
  
1.2 minutes


Beta, Gamma

Uranium-234


250,000 years


Alpha

Thorium-230

   
80,000 years


Alpha

Radium-226

  
1,600 years


Alpha, Gamma

Radon-222


3.8 days


Alpha

Polonium-218


3.05 minutes


Alpha

Lead-214


26.8 minutes


Beta, Gamma

            Bismuth-214


19.9 minutes


Beta, Gamma

Polonium-214


164 microseconds

Alpha


Lead-210


22.3 years


Beta

   
Bismuth-210


5.01 days


Beta

Polonium-210


138.4 days


Alpha

   
Lead-206


Stable
 

Figure 5. A table of several nuclides

  
The distribution of uranium and thorium in soil is quite variable.  In other words, there are some square miles of the earth's surface which show very little radioactivity, but there are other areas that show amounts many times higher than the average.  Such a region with large uranium deposits with consequent radon seepage, for example, occurs in southeast Pennsylvania, cutting across into upper New Jersey and New York state.  It is referred to as, "The Reading Prong"  because it is shaped like a spearhead, and passes near the city of Reading.  

 

In this  and  several other countries, uranium deposits have accumulated under ground, due to local geological conditions, to the point where it can be mined and refined at reasonable costs.  For example, many such mines exist in the Colorado-New Mexico area, and lesser deposits are scattered around the country.  

 

The presence of substantial quantities of uranium in the ground can be detected by measuring the radon which seeps up through the soil and is trapped at the surface. One of the unintended ways that radon is trapped  is in a dwelling.  Houses are built on the ground, with or without basements, and the average  home covers about 1500 square feet of the earth.  Depending upon a wide variety of circumstances,  the radon  that is creeping up through the ground under the 1500 square foot foundation may find ways into the house.  Factors such as the air-tightness of the house, its heating and air-conditioning system, and its general ventilation may cause the radon level in homes to build up to undesirable levels.  There are, however, no known cases of specific injury to resident caused by this radioactive gas.  It is nevertheless a potential hazard that needs, at least, to be considered. (It is of interest to know that in the average home, with normal family traffic in and out, there will be two to three complete air exchanges per hour)

 

Sometimes the radium deposits in soil are substantially larger than average, although not large enough to warrant extracting the radium for commercial purposes.  This can result in unusually high levels of the decay product, radon gas, in homes built over such deposits.  If the presence of such deposits is known, or suspected, at the time of building, relatively inexpensive steps can be taken to avoid the potential seepage of radon into the home.  Thus, there are adequate means of constructing new homes so as to avoid any radioactivity problems inside.  It is unfortunate that it has only been within the last few years -- about a decade -- that there has been a public awareness of the possible local seriousness of radon in homes.  Prevention of seepage into an already constructed house can sometimes be quite difficult.  However, in most situations, keeping a window open an inch or two, together with the normal house-air leakage, will provide adequate venting of the radon without an unacceptable loss of heat.

 

Other examples of unusually high radiation levels at the surface of the earth,  exist very locally in parts of India and Brazil.  In these locations the ground is covered with a black substance known as monazite sand, a relatively radioactive ore that is derived from thorium deposits.  While described as local areas, some of these are large enough to contain small villages with substantial populations.   The radiation levels a foot or two above the surface of the sands may be as much as 20 times the average background level elsewhere, exposing people who live on this soil to annual doses of 5,000 to 10,000 millirems (50 to 100 millisievert).  Studies of these populations,  including people whose families have lived on the sands for several generations, have not disclosed any unusual trends in cancer or any other radiogenic disease.

 

An interesting little sidelight on this is the fact that the radioactivity of  these sands, and lesser levels in some European spas or springs, has been, and is probably still being exploited as having a curative value.  People pay to lie down on this relatively highly radioactive soil or soak in the radioactive waters for days at a time.  There are no records of anyone having been injured -- or cured of anything -- as a result of these practices. 

2-5 How we are all exposed to ionizing radiation.  The largest single source of radiation exposure of the U.S. general population, a little more than half -- about 55% -- comes from radon.  Out  of a total of 82%, this leaves 27% of man's exposure due to other natural or environmental sources.  These, in turn,  may be divided into three categories:  1) Cosmic radiation, i.e., radiation originating outside of the earth's atmosphere;  2) Terrestrial sources, due to radiation from radioactive materials that are in the rock and soils everywhere (both sources are external to the body); and,  3) Internal sources which are derived from radioactive material that is in the body, partly in the form of material taken in as food and part that is in the body tissues.  The radiation dose to the body from each of these three sources is very roughly the same, as shown in Figure 4. 

2-5.1  Cosmic radiation.  The average annual dose to a person from cosmic radiation is about 26 millirem in a year at sea level.  Some of the cosmic rays are absorbed in the air above the earth's surface; thus, as we go to higher altitudes, there is less air between us and the source of the cosmic rays and our dose from this source increases.  The cosmic ray intensity doubles for each 1-1/4 mile of altitude.  Thus, in Denver, which has an altitude of one mile, the intensity of cosmic radiation is about 50 millirem a year, as compared to about 26 mrem a year at sea level.  It is also worth noting, that  air travel at an altitude of 39,000 feet, a common altitude for commercial flight, gives an enhanced cosmic ray dose of about one-half mrem per hour of flight for each individual passenger.  This would add about one mrem in a year to the dose of an average member of the US population.

2-5.2  Terrestrial gamma radiation.  As already noted, the radiation from terrestrial sources comes from the radioactivity that is widely distributed in soil and rock.  However, because most building materials -- such as wood, stone brick, pipes, and nails -- are derived from the soil, each will contain a small amount of radioactivity, however infinitesimal, and will contribute some dose to the residents from the radioactive materials built into homes, schools, and other structures.  While one might think that by going into his home he could avoid that extra radiation from the soil, the fact is that the structure itself would only shield him from about 20% of his outdoor exposure, the other 80% deriving from the housing materials.  The average dose to a person in the US population from these sources is about 29 millirems a year. 
2-5.3 Radioactivity in the body.  The principal internal contributors to irradiation of the body tissues are potassium-40, polonium-210, and rubidium-87.   Potassium-40 is a primordial radioactive atom; that is, it has been present since the start of the world.  Potassium is an important part of our body and food system and enters the body by way of food, milk, water, and the air we breathe.  The body incorporates the radioactive potassium-40 into any tissues containing the element potassium.  It starts as radioactive potassium, and then decays directly to stable calcium or argon.  Its average contribution to man's dose is about 40 millirems in a year.  The contribution by the rubidium-87 is only about 1 millirem and is included in the internal body dose listed for potassium-40.  The remaining internal whole-body dose of radiation comes from  the uranium/thorium/ radium/polonium series discussed above.  All of these radioactive decay products together, contribute about  95 millirems a year to the average person in this country.

 

2-5.4 Inhaled radioactivity. Most of the exposure from inhaled radioactive material comes from radon, discussed in detail above.  Radon contributes approximately 200 millirems to an average member of the US population.  Radioactive carbon-14 is a minor source of inhaled radioactivity.  The dose from this isotope is substantially uniform over the world because it is formed primarily by interaction between cosmic rays and  the carbon dioxide which is in the atmosphere.  Carbon-14 contributes about one millirem a year to the dose of an average person.

 

2-5.5 Summary of annual natural radiation doses
The dose to an average person in a year from natural radiation sources is summarized in the following table:

 

TABLE 1. Sources of Exposure
 

Source 

 Dose         millisievert
      millirem

Cosmic


0.27


27                   

Terrestrial


  0.28


28

Inhaled (radon)

  2.0


200

In the body


  0.39


39

_______________________________________________

rough total


3.0  mSv

300 mrem

 

 

Drawn from the data in sections 2.5.1 to 2.5.4, above, it is evident that there is little flexibility in reducing most of our irradiation from the natural sources of radioactivity.  Probably the only  significant opportunity for dose reduction would be in better controlling the entry of radon into homes, and on this there is a reasonable question as to actual need and practicability in many cases.  

2-6  Radiation exposure in medical applications.  Exposure of patients and workers in the medical applications of ionizing radiation constitutes a clear-cut situation where there is essentially always an  overall benefit to man's health and welfare to offset any small element of risk.   But the medical uses of x-rays are known to virtually everyone, with the result that when some radiation “hue and cry" is raised, a frequent public reaction is "we have to make those doctors (or dentists) cut out their careless exposure of patients" -- or some such statement.         

 

It is obvious that any man-made source of radiation can always be reduced to some degree -- until it is completely eliminated.  How far this is  carried out depends upon a balancing of the costs of reduction against the loss of the benefits from the radiation use.  To give an example: Suppose it were possible, with only some small loss of medical information, to reduce the overall medical x-ray exposure of the public.  From the  chart in Figure 4, it is seen that medical x-rays contribute 40 millirem a year to the average  exposure of individual in the public.  A reduction  by 10% would cut 4 mrem from that annual exposure.  In the meantime the average individual is being exposed to all those other radiations for a total of about 360 millirem in a   year, and can do little or nothing to reduce that overall figure.  Four millirem is only about 1.1 percent of 360 millirem.  In other words, a ten percent reduction in x-ray exposure will yield only a one percent  saving in man's average overall dose. A ten percent reduction in the average annual exposure of the public to medical x-rays would be very costly in terms of benefits and information lost, a cost that, would, of course, be passed on to the public.   In considering such a step, we should not lose sight of the fact that the dose to any individual from natural radiation sources varies more than one percent from day to day. 

2-7  Radiation exposure from consumer products.  The use of tobacco products, in any form, contributes a substantial dose to  limited areas of bronchial tissue of smokers. It is clear that smokers have an elevated rate of lung cancer, but because tobacco smoke contains carcinogens other than radioactive materials, it is not clear how much, if any, of the cancer risk can be attributed to the radiation exposure.  In addition to direct radiation exposure to the lungs of the smoker, there is secondary exposure of those who inhale air containing smoke exhaled by smokers. The amount of radiation exposure from this source has not been well quantified,  but the increased incidence of lung cancer due to second-hand smoke has been clearly established.   It is unfortunate that tobacco in any form, a consumer product that probably makes a major contribution to the average dose to the public, is also the agent for which we have the least quantitative foundation for a radiation  risk evaluation.   


 

Because no professional group feels that it has an adequate understanding of some of the details involved, there is a reluctance among scientists to quantify exposures from smoking with the same degree of confidence as for the other radiation  exposures.  It is also for that reason that they do not include smoking in their summaries of population exposures to ionizing radiation.  (See, e.g., NCRP-93, table 5.1).  Radiation exposure from tobacco products is not included in the pie chart in Fig.4. 

 

 

Since the NCRP has not included it in the summary of radiation exposures from consumer products, it will also be left out here.  It should be noted that the figure of 1,300 mrem to the bronchial tissue is applied to the average exposures of the users (mainly smokers) and thus is not averaged over the entire population.  It is also a dose to particular tissue, while the doses in figure 4 are stated as effective whole body doses.
The next two tables list the major sources of radiation exposure included in the "consumer products" category.  Only those sources contributing an annual dose of 0.1 millirem, or more,  to the average exposure of the population are included.  For obvious reasons, some of the exposures show a fairly wide range of dosage contributions. 

Table 2 lists the sources contributing relatively large doses to a great many people.

 

TABLE 2
 

Source 



Dose in a year (millirem)
domestic water supply



1 to 6 

building materials



3.6

mining and agricultural products

1

combustible fuels

coal




0.03 to 0.3

natural gas heating


0.1

natural gas cooking


0.2

ophthalmic glass



0.1

rounded total (including some 

smaller items not listed)


6 to 11 

 

Table 3 covers dose contributions to many people but the dose is relatively  small or is limited to a very small portion of the body.                                        

 TABLE 3
Source 



Dose in a year (millirem)



Television receivers



less than 1

smoke detectors



less than 0.001

road construction material


0.1


gas mantles




less than  0.1


Luminous watches and clocks, airport inspection systems, electron tubes, and fluorescent lamp starters each contribute less than 0.001 millirem  (10 microsievert) and are not listed.  The rounded total for the lot is from 0.15 to 1.2 millirem ( 0.0015 to 0.12 millisievert)

 

Attention should be directed to the significance of such low levels of radiation exposure.  For example, changing the altitude of where you live by 100 or 200 feet involves dose changes more than 1 millirem in a year.  Radon exposures in the home will vary a good many millirem, up and down, during the year or even the day.  The NCRP, in considering the risks associated with such small exposures,  has recommended that there be some level of exposure below which no individual need be concerned.  This is called "Negligible Individual Dose” (NID).  A value of 1.0 millirem (0.01 mSv) in a year has been recommended as constituting a “boundary below which the dose can be dismissed from consideration”.  This applies per source or per practice.  Given the essentially

 

negligible amounts of radiation from such consumer products as listed in Table 3, as well as several of those in Table 2, there seems little cause for concern when compared with all of the much larger exposures that are essentially beyond our control.      

2-8.  The effects of exposure to ionizing radiation.  Most of the information in this section is designed to provide the reader with a limited opportunity to examine the overall problem of radiation effects, with some kind of informed perspective.   Unfortunately, much of the   information on radiation effects that is easily available to the public varies between being inadequate to being incorrect by design to support some social or political position. This lack of proper information is especially ironic in view of the fact that  ionizing radiation and its effects are among the most studied and best understood sciences today.

 

When ionizing radiation strikes the body, it randomly hits or misses millions of cells.  For the cells that are not hit, the ray simply passes by and no harm is done.  If a cell is hit directly, the cell may be completely killed or, somewhat less likely, just damaged.  When a cell is completely killed, there is no great harm to the overall organism; the cell is dead,  its debris is  carried away by the blood, and a new cell is usually generated in its place.  Similar actions, from various causes, are going on continuously with all the cells in the body.  If any permanent harm is done by  radiation exposure, it is from  cells that are  damaged, but not killed.  It is the damaged cell, that may be regenerated as a potentially  pre-cancerous cell.  Over a period of many years, or decades the result may be a full-blown, malignant cancer.  It is the least likely of the various results that may occur when radiation passes through a body of cells.  Radiation might cause cancer; it does not necessarily do so.

 

It has long been known and accepted that people who are exposed to large doses of ionizing radiation stand an increased chance of developing cancer at some later time .  This was clear from the experiences of the early radiologists before the adoption of modern radiation safety practices in the mid-1930's.  However, beginning in about 1940 the general belief began that of all radiation effects, the one of most concern was genetic injury, and there was no level of exposure below which genetic effects would not occur.  This view dominated until the mid 1960's, by which time the scientific community became convinced that the major problem lay in cancer production at doses lower than those considered carcinogenic two or three decades earlier.  Animal studies supported the view that there was no low-dose cut-off value could be established for radiation carcinogenesis, but, as already noted, this has neither been proven or disproved for the human population.  
Naturally, the public has been bombarded with stories about this, especially since the opening of the atomic energy era.  Another fact known, but not nearly so well by the public, is that cancers can also be caused by literally thousands of other physical and biological agents that have been identified by man.  Cancers are often spoken of as "occurring naturally", which is another way of saying "specific cause unknown".  

 

In the search for the causes of cancer, animals are treated  with large doses of  agents suspected of being carcinogenic (capable of causing cancer).  Usually the amount of the chemical dose to the animal is many times greater in proportion to the weight of the animal, than would be the dose per weight of man.  This is done to speed up the development of an effect, thus shortening the testing times.  Then, if an agent, given in a sufficiently large quantity to an animal, can cause cancer, it is conservatively assumed that  any quantity,  no matter how small, of the same agent, given to man, may also cause cancer. 

 

This may be an acceptable method for testing toxic agents, drugs, or foods, but it is not necessarily suitable for evaluating the risks from ionizing radiation.  It is known for ionizing radiation that for the same moderate dose there are differences in effect between exposures received at high dose rate for a short period of time, and those received at a low dose rate over a longer period of time.  The effect may be as much as two to ten times greater for the high-dose rate, compared to the low-dose rate.     

 

A further difficulty with this is that man is always being exposed to so many other carcinogenic agents -- agents that can cause cancer -- that it is not possible to state which, if any, of the agents might have been responsible for a cancer that is not found until many years after the exposures.  If it happens to be known that a person was exposed to some man-made source of radiation, there is a natural tendency among uninformed  individuals to relate a subsequent cancer to that exposure.  It is almost never possible to specifically identify any of the hundreds of other possible causes.  Rarely can a particular cancer be positively identified as having been caused by a particular set of circumstances. In most situations. Ionizing radiation is one of the least likely among the  causes.

 

For such reasons as sketched above, it is important for readers to have at least a  superficial idea of the carcinogenic effects of radiation, so they can exercise their own judgment of that hazard in comparison with other hazards and can develop their own sense of perspective about the overall problem.  It must be remembered that the relationship with  cancer is  are far better understood for radiation than for most other agents.

 

It is important to distinguish generally between "high-dose" and "low-dose" radiation, although there is no real borderline between the two.  In the context discussed here, a “high dose” is an acute radiation dose of twenty rems or more.   It is in the range above about ten rems that there are extensive, and widely accepted, data relating the magnitude of the dose to the seriousness of the effect or injury, the probability of its occurrence, and the chance of death.  In the low-dose range -- below 20 rem -- no clearly injurious radiation effects have been found

 

The significance of the "low dose" designation appears to be thoroughly misunderstood by the general public.  For example, when a recent study indicated that the effects of low doses of radiation might be two or three times larger than previously estimated, there were clear elements of alarm in the reporting. What was not appreciated was the fact that the report was discussing exposure levels in the range where no direct effects on man have been observed in the first place.  There have occasionally been statistical reports of effects at such low doses, but thus far the test samples have been so small that any conclusions drawn from them  and have not stood up to the test of repetition and evaluation by other workers.  

Low-dose effects are those that might be caused by doses of less than 20 rem (20,000 millirem), whether delivered acutely -- all at once -- or spread out over a period as long as a year.  As already noted, five rem in a year has been considered, since 1956, as an acceptable exposure limit for radiation workers. It has been the "official dose limit"  used by the Nuclear Regulatory  Commission and must therefore be regarded as relatively safe in comparison with other industrial risks.  Studies by the recognized protection bodies have shown that under most circumstances an annual dose limit of one rem can be met by the radiation industry within the ALARA principle. It may be anticipated that such a limit will be proposed.

 

There are substantial quantities of acceptable data showing relations  between dose and effect in the high-dose region, especially in the range of 50 to 400 rem, delivered acutely.  These are largely data resulting from studies of the survivors of the Japanese atomic bombing and of some relatively large  groups of patients who were treated with substantial doses of x-rays.  

 

Whether the effects of a given dose will, or will not, be discernable   depends very much upon the rate at which the dose is delivered.  For example, a dose of 200 rem of gamma radiation, administered to the whole body in a half hour, would cause nausea and vomiting in a few percent of the recipients; perhaps one percent of those exposed would die of the acute radiation syndrome within the next month or two.  The same dose, distributed over a period of a month or more, would not even be noticed by the recipient.  For larger acute doses - of the order of 350 to 400 rem - it would be expected that about half of the people exposed to this in a short time period would die within the next 30 days.  By contrast, the same dose administered uniformly over a year's time could pass unnoticed by most exposed persons.  

 

Both of the cases above are obviously extremes and, outside the realm of radiation therapy, are likely  to be encountered only in nuclear warfare, something not being discussed in this book.  Our discussions are concerned only with exposures from controlled sources that are likely to be encountered by the public, and should be less than 500 millirem in a year for individuals, and less than a fifth of that (100 millirem)  a year for continuous exposure to the public at large.  For such small exposures, it is not possible to compare dose effects under various exposure conditions, for the simple reason that no one has been able positively to identify any effects.

 

In the absence of reliable data on low dose effects, important assumptions have to be made by radiation protection specialists.  One is that there is no "cut-off" level of radiation exposure -- commonly called a threshold -- below which no carcinogenic effect will occur.  However, for a few non-cancerous effects, there are indeed, well-established thresholds.  For example, it is known with certainty, that high doses of radiation can cause cataracts.  It is also well established that to produce cataracts requires a  dose of over 500 rem to the eye.  


 

There is another complicating factor in understanding radiation effects, and that is known as the latent effect or latency.  This refers to the delay between the cause of some effect (i.e., exposure to radiation) and the eventual appearance or detection of a clinical effect.  In actual circumstances, except for leukemia which may develop in as few as two years,  exposure to a dose of radiation may not show any effect for as many as twenty, thirty, or more, years.  In the interim, many  people will die from other unrelated causes, before the latent period runs out.  Because of this long latency, the individual lives many years beyond his exposure,  during which time he is further exposed to hundreds or thousands of other carcinogenic agents.  It is thus imaginable that because many of these insulting agents are more dangerous than radiation, if and when  a cancer does show up, it could  as well be due to one or more of the other agents and not the radiation.

 

In summary,  the discussions in this section have focused on what is frequently described as "low-level" radiation.  The average member of the general public receives  about  0.36  rem in a year from all sources. (see Figure 4).  That means that the average person  receives less than about a thirtieth of the upper bound dose for the low-dose region, the region for which it has not been possible to find any effects that can be specifically ascribed to ionizing radiation.

 

2-9 Ionizing radiation in the service of man.  It is  common, in the discovery of some new and important scientific principle, that there is a considerable lag between the first findings and their application to bettering the life of man.  However, it might well be said that almost from the first day after the discovery of x-rays possible medical applications were evident.  X-rays also quickly found application in many areas of commerce and industry.  It is now fairly well known that x-rays and gamma rays are used extensively for the inspection of critically important components or devices, the failure of which could be costly in lives.  The inspection of certain aircraft parts is an excellent example.  Before 1940, most such applications used x-rays and the gamma rays from radium; since then, radiation from artificially-produced radioactive materials has been widely used.  


 

The discovery of artificially-produced radioisotopes in the late 1930's, and their ultimate production in substantial quantities in nuclear reactors, changed the ionizing-radiation picture radically.  Fortunately, there had been enough experience in the preceding forty years to warn the scientific and technical communities that the new sources of radiation, now in our hands, had to be treated with great caution and respect.  In this country, the U.S. Advisory Committee on X-ray and Radium Protection had already developed the basic guidelines, as early as 1934, for protection against x-rays generated up to a million volts and for the gamma rays from radium. (See supra section 1-1).   The subsequent nuclear programs started from that point.  The potential uses for these new radioactive materials and their radiations, was only allowed to proceed as  our knowledge developed on how to control their undesirable and dangerous aspects. 

 

The introduction of any new device or procedure involving ionizing radiation always requires that there be a clearly defined social benefit in addition to scientific or technological gains.  Decisions on these issues are rarely simple or precise.  The development of the uses of ionizing radiation affords an excellent example of the recognition of this problem, its importance, and the complexity of the considerations which must be made before  applications of a new technology are allowed to become widespread and possibly out of control.  These issues are mentioned  briefly because, in the nearly fifty years since the discovery of artificial radioactivity, its exploitation has moved at a pace much slower than that of many other  new discoveries.  It is partly because of such caution that many of the applications, a few of which will be mentioned below, have come slowly and carefully and at an extremely low price in terms of injuries or lives lost through misapplication.  It is important that it be kept that way.  

 

In the earlier decades of the diagnostic applications of  x-rays. The most common use was to seek and identify an internal disorder suggested by external symptoms.  They later came into use to detect disease in advance of any clinical symptoms. The effectiveness of the early identification of disease  was demonstrated by the virtual elimination of tuberculosis.  Today, an outstanding example of the importance of early diagnosis is the success of mammography programs for the early detection of breast cancer -- detections which can be accomplished in the very early stages of the disease when the chances of cure are the highest. 

 

It has already been noted in Figure 4, that the applications of ionizing radiation in consumer products contributes only about 3% of the average exposure of the population to all kinds of ionizing radiation -- both natural and man-made.  The medical applications contribute about 15% of our exposure, and all of the rest -- about 82% -- is derived from natural sources, over which we have little or no control.  This small fraction of human exposure to radiation from consumer products, nevertheless,

 

should not be accepted with equanimity.  It should only be accepted if it can be reasonably demonstrated that it provides an important benefit,  more than offsetting any associated risk.  It involves one of the basic principles of radiation control, namely, any radiation application must produce a net positive benefit.

 

Given below are a number of other applications of ionizing radiation; listed in a publication of the International Atomic Energy Agency (September 1979) titled "RADIATION--A FACT OF LIFE."  

 

The IAEA report addresses radiation from  radioisotopes. In contrast to X-rays, the radioisotopes can be placed in, or directed to, exactly the place where the radiation may be wanted in the body.  On the other hand,  x-rays  are generated outside the region to which the application is being made.  The radiations from radioisotopes are used extensively in both medical diagnosis and the treatment of disease, and they play a role often not possible by any other agent known to humans.  The net benefit, in terms of health and human lives, is enormous.  Radiation is a major tool in the treatment of certain kinds of cancer.  Selection of the sources of  radiation and their location in the body allows the treatment to be tailored to the patient.  This has proven to be very effective in inhibiting the growth of tumors, or actually destroying them, without unduly damaging the healthy tissue near the tumors.  

 

Radioisotopes play an essential role in various medical diagnostic procedures -- again taking advantage of the special characteristics of the different radiations that may be available.  Injection of small amounts of radioisotopes into such body organs as the heart, lungs, brain, liver, or kidneys makes possible a special visualization of the functioning of those organs.  Together with improved imaging devices and sophisticated computers, the actions and behavior of these organs can be observed and tracked.  Without such radiation sources, these assessments would be very difficult if not impossible.

 

Radiation can be used to sterilize many medical products such as surgical dressings, sutures, catheters, and syringes.  Of special value is the fact that the sterilization can be performed while the items are contained in their sealed packages; thus they can remain sterile indefinitely.   The gamma rays from radioisotopes like cobalt-60 or cesium-137  are especially well adapted for such purposes.   These are now normal, everyday procedures. Moreover, radiation does not introduce undesirable residues, as sterilizing chemicals or gases may.  Radiation also makes it possible to treat products which are difficult to sterilize by heat or steam.  Since radio-sterilization is a cold process, it can be applied to heat-sensitive materials like the plastics used in heart valves.  It appears to be the only means of sterilizing a number of heat-sensitive pharmaceutical items. 

 

Irradiation has important preservation properties for  food products such as potatoes, onions, meats, and meat products.  Once irradiated, they can be stored without refrigeration.  There are also many industrial chemical processes which can only be carried out under radiation conditions.  The use of radioisotopes to provide radiation in spots where it can be utilized has been important in a variety of environmental studies and in the analysis of some air pollution problems.  Applications in the fields of agriculture and hydrology are also important and cannot be accomplished by other known means.  And in outer space, radioisotopes power generators that allow information to be sent back to earth from Jupiter, Pluto, and beyond.

 

And so it goes, with new developments in these areas occurring almost daily, and all carried out with extremely low risk to those involved in the procedures.  

PART 3   RADIATION AND THE PRODUCTION OF ENERGY           

 

It must be obvious to  everyone that it requires energy just to live.  Energy from the sun keeps the earth warm, enables plants to grow.  The burning of coal, oil, or natural gas produces electricity which, in turn, heats, lights, and air conditions our homes; cooks our food; and operates our television receivers.   Petroleum is required to run our automobiles,  trains, and aircraft.  Name any necessity or luxury of life, and it will require energy to make that item, to operate it, and to maintain it.  The more technically advanced the country and the higher the standard of living, the more energy will be demanded.

 

Energy needs are greater today than yesterday, less than tomorrow, and are roughly in proportion to the size of the population.  Somehow this message must penetrate our thinking.  Even as this is written in June -- before the Washington summer has really started -- we have twice run out of electrical energy, and our operating voltage has had to be lowered (usually referred to as a "brownout") to prevent a complete power failure and "blackout" because of overloading our local electrical supply system.  For a day or two, now and then, this is a tolerable but risky expedient.  However, it can be harmful to much of our precious electrical equipment and cannot even be considered as a possible long-range remedy to our power shortage.  The brownout lowers the power requirement by only four or five percent -- barely enough to keep the circuit breakers from tripping.  

 

3-1 Electrical power needs of the future.  At the current rate of growth, our population will increase another four or five percent in roughly five years, and this will use up the energy that was saved by lowering the voltage.  Unless we are in a much more secure energy situation at the end of those years, we will be in deep trouble.  As soon as the words "energy shortage" is mentioned, a substantial part of our population volunteers its standard series of answers to all energy problems.   A few of these will be noted so as to prepare a background for appropriate answers in the discussions to follow.  
 

 

Some of the more practical suggestions are given below.  

 

(1)  To meet local power shortages, buy electricity from regions where there may be  some excess electrical power available.  Indeed, this is what most electrical power producers do today and have been doing for many years.  At the present time they are purchasing all of the electricity possible within the existing power facilities and electricity distribution systems.  However, a surplus of power in the far west is of little or no use in meeting power shortages in New England.

 

(2)  Develop and use solar power.  There is no doubt that some solar power can be harnessed for the production of electricity and can effect appreciable economies in local regions.  But there are two main problems with this source of electricity.  First, is the uncertainty in its availability, dependent as it is upon weather.  Second, because it is impractical to transmit the direct current generated by solar cells, even at the distances involved for small cities, it requires the development of enough solar energy to supply steam to run turbines and the generators to produce the alternating current adapted to our energy distribution systems.

 

The best of our steam-production electricity-producing plants operate at only about 50% efficiency.  Practical, large-scale use of solar energy to generate steam is probably at least 50 years in the future, if it can be done at all.  Direct conversion of solar energy to electricity is feasible for the small amounts required in satellites, but its accomplishment in sufficient quantity to service even an average-size home is not in sight. 

 

(3)  Expand our petroleum reserves wherever possible within our physical and political control.  At the same time, increase efficiency in the use of petroleum products.  This can help some.  However, it should be borne in mind that the United States, as a whole, is using more petroleum products in the 1990's than it was in 1973 at the time of the OPEC oil embargo.  In 1973, the country made fantastic efforts to improve efficiency in the uses of petroleum,  and, to a considerable degree, was successful.  However, while that effort cleared up practically all of our inefficient petroleum uses, there now seems little room left for further  reduction of petroleum uses that would be acceptable to the public. 

 

Additional economies can only be achieved by heroic  steps, such as drastically reducing the use of automobiles, reducing the horsepower requirements of the automobiles that are then allowed to continue, and  eliminating air conditioning except in special cases such as hospitals and certain industrial processing.  None of these is likely to be greeted by the public with much enthusiasm.  In addition, it should be noted that there are extensive misuses of our petroleum products for such things as plastic food containers, shopping bags, jars and bottles, and all manner of gadgetry; plastic piping is rapidly replacing metal piping in new homes and in industrial operations.  There seems little doubt that this country will exhaust its known petroleum reserves  much more rapidly than its reserves of iron, copper, or sand (for glass).  Aluminum will remain plentiful but its production from raw materials requires very large amounts of electricity.

 

(4)  Construct more coal-fired electrical power plants.  Although  coal is much more plentiful than oil, there are some drawbacks involved in the simple burning of coal.  The toxic substances resulting from coal combustion include a series of toxic sulphur and nitrogen oxide gases.  These not only have adverse health effects on the population and environmental impacts, but also contribute substantially to our worries about the damage we are doing to our atmosphere and possible climatic effects.  In addition, the burning of coal adds radioactivity to the environment.  Coal contains naturally radioactive substances that are not destroyed by the burning process, but are spewed out into the atmosphere. 

 

The cost of producing and shipping coal is becoming greater every year.  This cost is measured not only in dollars, but directly, in lives of coal miners, and, indirectly, through pollution, in the lives of the public.  Our major coal reserves at the present time are high in sulphur content. To avoid acid rain, the sulfur compounds must be removed, either from the coal before it is burned, or by chemically cleaning the stack gases.  The problem is made worse because substantial amounts of water are needed for mining and cleaning operations, and some of our largest  reserves of coal are in relatively dry western locations.  In the west, our dwindling supplies of water, derived either from underground aquifers or rivers, are more critically needed for agricultural, commercial, and household purposes.

 

Considered over all, coal has to be regarded as one of the most environmentally destructive agents that we have made into a necessity in our way of living.  And finally,  let us not forget that the most optimistic estimates of the future availability of coal, extend only for approximately 400 years.  Of course that has to be compared with only 40 years for domestically produced oil. However, even 400 years isn't very much of a future for the continuation of humanity.  

 

(5)  Nuclear fusion will be the answer to all of our energy problems.   If nuclear fusion can be accomplished, it will solve many of our energy problems.  However, after more than thirty years if intense research, practical controlled nuclear fusion still eludes us; no one knowledgeable in the field is willing to venture any serious estimate of when it may come.  It is simply not in sight today.

 

In addition to the various uncertainties touched upon above, the public should be aware that many years of planning are required are required for the completion of any kind of power plant.  The construction of an electricity-producing power plant, from draw​ing board to power on the line, may take as much as ten to twelve years,  not count​ing the additional time that may be is lost because of  protests by an often misinformed public.  This “not in my backyard” (NIMBY) phenomenon has thwarted plans for all sorts of facilities, including solar, oil, coal, and nuclear power plants.

 

We are now facing numerous localized power shortages, and yet, for all practical purposes, we have no new central station plants for producing electricity on the drawing board.  THINK ABOUT IT!

 

 3-2 The nuclear alternative.   It is possible that the development and control of  nuclear power for the generation of electricity has been achieved just in time to save the world, for quite a while, from disastrous impacts of unbounded population growth and the depletion of naturally occurring raw materials.  

 

The production of electricity through nuclear reactors is now a proven economic source of energy, and in this country, can be done with complete independence from  foreign sources of raw materials and outside political influences.  Nuclear-produced electricity has proven to be a godsend to smaller, developing countries as well to those with developed technological economies.  For example, as of the early 1990's, England, whose supply of coal is dwindling, has 37 nuclear power plants and 1 more in development.  Canada is making extensive use of nuclear-produced electricity in spite of having ample deposits of coal.  France, a country with very limited coal or oil, is working towards a goal of producing approximately 80% of its electricity in its nuclear power plants.  As of 1990, it was meeting 75% of its demand with nuclear generation. 

 

The operations of nuclear power plants themselves in this country give off no toxic emissions of either a chemical or a biological nature.  While guardedly accepting the statements just made above, the general attitude of the public seems to be, "yes, but ---", and then they raise a series of questions which have to be answered.  Providing understandable answers to these questions has been one of the objectives of this book.  Answers to most of the usual questions are given below, and most of these answers are based on very firm and well established facts.  Any areas of uncertainty in the mind of this author, will be noted.  

 

 

As already shown on the pie chart, the average annual radiation exposure to members of the U.S. public resulting from the generation of electricity by nuclear power, is in the order of 0.3 millirem,  This is only about a tenth of one percent of the average exposure from the naturally occurring radiation to which everyone in the public is subject.  It includes the entire nuclear power program, involving the mining, milling, and refining of the uranium for fuel, construction of the fuel elements, operation of the power reactor, handling and transportation of low- and high-level nuclear wastes, fuel reprocessing, and the ultimate disposal, storage, or recycle of waste materials.  

 

3-3  Wastes from nuclear power generation.  The most frequently voiced objections to nuclear power relate to the disposal of the radioactive wastes resulting from plant operations.  Knowledgeable people recognize this as an important factor, but one for which satisfactory solutions exist. The fact that the public is inadequately informed about  energy generally, and radiation in particular, has substantially contributed to the present impasse regarding nuclear waste control and disposal.

 

Parenthetically speaking, the handling and disposal of any waste material, be it of industrial or household nature, is always a matter of great contention even when radiation or radioactive materials are in no way involved. Most practical disposal plans for all types of community wastes attempt to minimize the transportation distance between the sources of the waste and its ultimate disposal site.  The problem is almost always aggravated by growing amounts of non-biodegradable waste in the form of plastics. 
 

There are basically two forms of radioactive waste which have to be considered.  The first of these is the so-called “low-level waste”, which comes from industrial processing, hospitals, laboratories, and similar facilities.  The second is “high level waste” which is primarily made up of the used fuel elements that must be replaced periodically in operating power reactors,  These elements are currently being held in storage at each reactor site.  

 

3-3.1.  Transportation of nuclear wastes.  The first problem with either kind of waste involves transportation from the point of origin to point of storage or disposal.  Means of containment and movement, as well as the integrity of the containers, have been adequately tested under the most serious and extreme accident conditions.  Small-lot shipments are most likely to be made by specially designed trucks used on the general highways.  There have been a few accidents involving these shipments, but in the few cases where the containers were disrupted, the escape of radioactive material was minor and sharply limited to the site of the accident -- generally within a circle of less than 50 feet radius.  There has been no appreciable escape of gaseous or airborne particulate radioactive material.  The extent of any spill can be quickly and positively determined by radiation instrumentation carried with the shipment.  The general impact of such a spill would normally be many times less than that of the rupture of a single railroad tank car of any of many kinds of toxic chemicals, common incidents which some​times require mass evacuations. The probability of release of radioactive material in such highway accidents is extremely small, and should not be considered an impediment to the  use of nuclear reactors of any type and power.

 

The transportation of used reactor fuel rods involves much more complex engineering problems, but it is believed that all of these problems have been adequately identified, examined, solved and tested.  The fuel rods are contained in heavily constructed steel cylinders, lined with many inches of lead, sufficient to prevent any appreciable amount of radiation passing through the container walls to the

 

point of exposing anyone standing immediately next to it -- including the truck crew.  This system has been tested, at least twice, by placing a fully loaded cylinder upon a multi-axle, flat bed trailer, placed immediately across a railroad track at a grade crossing.  From a short distance away, two large-sized diesel-electric locomotives, assisted by several rocket engines, were driven into the side of the nuclear fuel tank and trailer, striking it at a speed in excess of 100 miles per hour.  The tanks were thrown a considerable distance and high into the air, but failed to develop any leakage or structural damage.  Radioactive gas contained in the dummy load failed to escape anywhere.  The locomotives fared less well. 
 

3-3.2 Storage of nuclear wastes.  The last step in the waste disposal chain is that of permanent storage - most probably underground.  To meet this challenge the National Academy of Sciences was asked to set up a special group to examine the total problem and to recommend any needed solutions.  This prestigious group included some of the world's leading geologists, hydrologists, mining engineers and  authorities on earth science.  After several years of study, they designated twelve storage locations in the United States, located at various depths underground and in various kinds of rock, earth, or salt.  One of the prime requirements was that in the event of leakage of any of the storage containers, radioactive contamination could not seep into the underground water supplies upon which the population must depend.  The twelve sites were arranged in the order of highest certainty of security, extending over a period of 100,000 years. 

 

The waste material will be stored in a series of tunnels, located at levels from several hundred to several thousand feet below the surface, depending upon the ground-water conditions.  The radiation safety requirements, specified by the Environmental Protection Agency, are that levels of radiation that might extend up through the earth to the surface, must not exceed one percent of the annual radiation level of the natural background at the boundary line of the site under which the material is stored.  The Department of Energy extended this, beyond the EPA requirement, to levels not exceeding a tenth of one percent of the natural background radiation levels at the surface.  Incidentally, on the average, this would amount to a possible exposure of somebody living on the surface, above the storage site for one year, to a level of less than four-tenths of a millirem.  This is less than the daily variation in the background levels at any point on the earth.

 

Here, it must be realized that the designers of this storage program have extended their requirements far beyond any practical experience of man.  Testing the accomplishment of the required objectives can be carried out at any time, quickly, and easily,  with existing instrumentation.  It does, however, represent the culmination of an enormous amount of study and past experience bearing directly on the problem.  Final judgment of the achievement of the goals, is ultimately made by the informed scientific and engineering community.  

 

It has been asked why we do not wait until we can carry out the necessary experiments to prove, rather than just predict, the security of the storage plan.  The shortest conceivable time, in which to carry out a reasonably conclusive test, would be on the order of two- to three-hundred years.  By that time all of our supply of oil would be gone, and more than half of the coal that we now believe available to us would have been consumed.  When we change our time-frame to thousands or tens of thousands of years, we have to consider the possibility, however remote, of major earthquakes and earth movements, the covering of at least the northern part of the United States by a glacier, and even a collision between the earth and a huge meteorite that could demolish half of the country.  

 

Recognizing this long term uncertainty and the short-term possibilities for change in the next few hundred years, disposal site designs provide for the storage of radioactive material in such a manner that, if there develops some leakage of a serious nature, the radioactive material can, if necessary, be removed either temporarily or permanently to permit examination and rectification of the cause of the  problem.  

 

The answer to the question of long-term, high-level waste storage is that we have, as of today, identified sites believed suitable for holding the waste resulting from seventy years operation of all the American reactors in being and predicted for the future. 
 

The first site has been selected, a tuff-rock deposit in Nevada -- Yucca Mountain -- and,  after considerable political wrangling, environmental and engineering studies are proceeding.   Decisions as to which of the sites will be used are generally non-technical, political issues   It is hoped that this book will help allay many genuine fears by providing a  better understanding  by the public of the overall radiation safety issues involved in radioactive waste management.  

 

3-4  The possibility of nuclear disaster.  Consciously or unconsciously, people who are generally unfamiliar with nuclear science are often concerned about  the possibility of a devastating bomb-like nuclear explosion caused by some failure in the control of a nuclear power reactor.  This is not an unreasonable or unexpected source of fear, since most people’s consciousness of nuclear energy came from the nuclear bomb explosions in Japan that ended World War II.  These were indeed devastating -  probably exceeded only by the all-out conventional bomb attacks on England, on Dresden,  on Hamburg, and on Tokyo during that war.

 

Since the discovery of nuclear fission (atom splitting), the public has been saturated with alarming stories and exaggerations about nuclear energy, probably because alarming news sells newspapers.  The idea is sometimes put forward that any one of our nuclear reactors could, at any time, explode like a bomb.  The accident at Chernobyl is frequently described as being a nuclear explosion.  It was not.  Terms, such as "melt down",  "China Syndrome" or "bomb" are commonly employed to oppose the development of nuclear power or nuclear anything.  The statements appear so frequently that the public believes them to be reasonably immediate possibilities  But the truth is,  the dire situations that are described simply cannot occur in this country, if anywhere. 

 

First of all, no nuclear power reactor can explode like a nuclear bomb; it is physically impossible.  Accidents are physically possible in which reactors overheat, and their components, depending on their materials, melt or catch fire, and steam produced from heated cooling water can be explosively released.   However,  plants are designed to minimize the chance of such accidents and mitigate their severity.

 

Secondly, all nuclear power plants in the US are in extremely secure sealed containers. These are designed to prevent any radioactive debris, resulting from some kind of operating accident, escaping into the environment.  The accident at Three Mile Island afforded an outstanding demonstration of the security of the containment systems in use in the United States.  The escape of radioactive gases during that accident was unimportantly small.  The level of exposures to a few of the people in the area were comparable with the exposures from a year or less of natural background radiation. 

 

 

Actually, the Three Mile Island accident could hardly have been improved upon, had it been a definitely planned test of the security of the containment system. 
 

The Chernobyl accident was unquestionably a real mess.  But it must be made clear that such an accident cannot happen in this country, for the simple reason that we do not use the type of reactors employed in the Soviet Union, nor do we permit nuclear-power reactors without safe containment structures.   It took their particular kind of reactor and their particular kind of uncontained reactor building to have their particular kind of releases.  This also  produced a useful lesson.  The accident, and subsequent fire, was a clear demonstration of the absence of the occurrence of a so-called "China Syndrome" situation.  Conditions of uncontrolled burning of the  nuclear material, described as being capable of boring a hole deep into the earth (all the way to China) did not happen.  Lives were lost during the first two or three months afterwards - largely among those who got high doses trying to contain the fire and subsequently cover the radioactive residue with shielding material, to prevent further escape of radioactive debris.  The whole story is yet to be told.  Prediction of the likelihood of accidental occurrences is very complicated in itself, but knowledgeable and sophisticated studies of the likelihood of accidents to power reactors have been made. These have often involved the most conservative assumptions (By conservative, is meant the use of assumptions in which any errors are more likely to result in more frequent or severe,  rather than less frequent or severe ac​​​​cidents).  It is a reasonable conjecture that if an accident or failure occurs, it will be because some element in the chain of possible causes has been ruptured, or even overlooked.  If no elements are broken, there will, of course, be no accident.  So it will not be pretended that accidents will not ever occur in nuclear plants, or anywhere else.  

 

In this country, the possibility of a major explosive accident is essentially zero.  The likelihood of a Chernobyl type of accident here, is zero.  The future occurrence of a Three Mile Island type of accident cannot be ruled out;  it is only reasonable to expect that one of these might occur occasionally, because the human element is always present to some degree.  One thing can be said for certain, the likelihood of such an accident happening tomorrow is much less now than it would have been in the week before the TMI accident.  Science,  industry, and the government  learned a great deal from that accident, thereby  improving plant design and operations, further lessening the likelihood of there being another one.  As already noted above, no one in the public was exposed to an appreciable amount of radiation as a result of the TMI accident.  No one was injured in any way that can be detected.  If any radiological health effect did occur, its cause can never be distinguished from the hundreds or thousands of other cancer causes to which the same public in the TMI area has been exposed.

 

While not offered in any sense as an excuse, an apology, or  an evasion, it might be pointed out that the population of the world has, over past millennia, been subjected to devastating accidents, diseases, and natural events of a nature far more serious than the worst that has been envisioned for a nuclear reactor accident.

An interesting comparison of this nature has been made in a pamphlet  prepared by the International Atomic Energy Agency, which says: "Today we are much more conscious of risks than people were twenty five or even five years ago.  This is partly because of better education, partly because the applications of science and technology have brought with them new and sometimes imperfectly understood risks, but also partly because of the speed with which the news can be brought to our  attention.  It is not the scale of today's disasters, such as millions of gallons of oil polluting beaches, or hundreds of deaths in a single aviation accident, that makes the difference.  After all in the 14th century the Black Death killed  some 25 million people in 6 years, and the Great Plague of 1665 wiped out 20% of the population of London.  More recently, the influenza epidemic of 1918 killed more than 20 million people".

 

Think about these things and seriously consider the alternatives to eliminating the continued development of nuclear-produced electrical power in this country.

 

SOME CONCLUSIONS

Because almost nothing we have or do today is free from various risks, we must learn to recognize and cope with them.  We must learn not to worry about the minor risks or those that we can lessen, or even eliminate, with reasonable effort and cost.  Of those risks about which we can do little, we must  try to learn more about  them and try to balance them with all other risks.  Radiation from natural environmental sources is just one of the risks we must live with and must recognize as one about which we can do relatively little.  Teaching an inadequately informed public is difficult because radiation is so commonly described as something sinister and dangerous -- "it cannot be seen or touched or tasted or smelled".  But radiation is not unique in these respects.  There are many more agents in our daily lives that can be similarly described and that carry more serious risks than radiation.  We must not deceive or mislead ourselves by concentrating our attention on any single risk (like radiation) to the exclusion of other risks.  Everyone must make choices in life.  We cannot avoid it.  But we can make reasonable and rational choices rather than unreasonable and irrational ones.  Various radiation-related actions are receiving increasing attention at all levels of government, and public opinion is being increasingly sought regarding them.  Today, critically important decisions need to be made regarding the uses of radiation in the fields of medicine, industry, and the production of energy.  If this book helps to enlighten that decision-making process it will have served its purpose.  

 

Sooner or later, each person who reads this book will  have to make at least three choices concerning radiation uses and the exposures they entail.  At some time in life, a health professional will want to make x-ray images of some part of your body.  Many people today are increasingly concerned about allowing such x-rays.  A better-informed response is to realize that the dose of radiation varies widely among medical procedures and is generally less than the lifetime dose of radiation a person receives from nature.  Excess medical exposures to patients and to doctors have long ago been curtailed with appropriate national and international radiation safety standards.  Medical and dental x-rays should not be feared any more than any prescription medicine,  But, just as unnecessary prescription medicine should be avoided, so also should unnecessary x-rays.  If, for lack of understanding of the problem, or for other reasons, you feel concerned over the necessity of any particular x-ray examination, it is best  to discuss with your health-care professionals what information they hope to obtain from the examination.  Seek a second professional opinion, if you are not satisfied with the answer.  The information in this book may help you, personally, determine whether the potential benefit is worth the very minimal and hypothetical risk.  If the health-care professionals cannot adequately explain a real benefit, you might want to forego the examination at your own risk.

  
Another choice that  has to be made is how to respond to the concern over radon in the home or workplace where it may cause an increase in the possible risk of lung cancer to the occupants, depending upon the dose.  As explained in the book, this natural source of radiation may be significant in one particular home and not in another.   All homeowners should test their homes and follow the recommendations of the Environmental Protection Agency which are available with most radon testing kits or testing sources.  If the radon levels are so elevated  that EPA guidelines suggest efforts to reduce those levels, it would be wise to make an effort to avoid or reduce exposures.  Such an effort would not be very costly under most circumstances.  As indicated in the book, the homeowner can simply try cracking the window open to allow a little more air exchange, and then retesting to see if that simple action is sufficient.  We should not forget that radon has been around since before man began living in caves and has not seemed to cause any obvious epidemic of lung cancer.  (That  appeared after large numbers of people started smoking).  It is not something new to fear;  it is only something  you may wish to measure, to evaluate, and, if appropriate,  to remediate.

 

The third choice which will almost certainly face each reader, is the question of nuclear power.  On this issue the reader may opt to vote pro or con -- either directly or through his congressman.  The author hopes that the information provided in  this book will enable each person to make that choice more rationally and to realize that a vote against nuclear power necessarily means a vote for other sources of energy which certainly carries their own risks.  Informed and rational persons will balance those risks and consider the benefits of a secure power supply, rather than jumping to the conclusion that one alternative -- such as nuclear power -- is alone in carrying risks.  Remember: literally nothing of value is free of risks.  It is a matter of considering and comparing all alternatives and choosing the combination that you believe is best for yourself, your family, your community and your country.  

 


