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Introduction
We are now living in the Atomic Age.

Now, for the first time in man’s long history, a man suddenly has an unlimited source of energy. This has become possible because of slow, careful growth of scientific knowledge for centuries. The peaceful uses of nuclear energy are great; thanks to these uses the standard of living of mankind will be raised to new and unbelievable heights. The release of the atom’s energy for the use of man has changed the course of history.

And indeed, some of these peaceful uses stir the imagination. The production of radioactive isotopes will create the necessary conditions for the wide application of radioactive isotopes in industry, medicine, agriculture and various branches of science and engineering. It is well known that radioactive isotopes are used in laboratories for the diagnosis of disease and for the treatment of cancer. They are already being widely used for treatment by medical establishments.
Using radioactive isotopes biologists and agriculturalists are able to carry out research impossible by any other method.

Radiation in plant growing is giving excellent results. By observing the path of tracer atoms we can now follow the stages by which plants assimilate various elements introduced by fertilizers, and can define what a plant most needs, and at what time. This opens up new possibilities for raising crop yields. Radioactive isotopes are also being used successfully for food conservation, for the prevention of sprouting in potatoes and so on.
Radioactive isotopes can also be used to measure the thickness of many objects and the density of various materials, and to measure the levels of liquids or gas in vessels, for example in branches of production where measurements by the usual method are dangerous to the personnel carrying them out.
Nuclear energy powers ships and submarines. It can produce almost limitless amounts of electrical power. The construction of the first industrial atomic power station in the former USSR was completed in 1954. This power station is still generating electricity from the energy of splitting uranium nuclei. At present this station provides a real basis for nuclear power development in our country, and its operating experience may be of help also to other countries interested in the use of atomic energy for peaceful purposes.

All mentioned above, and many more peaceful uses of the atom will be of great help to mankind.

Man is taking more and more secrets from Nature.

But nuclear energy can be used both for good and for evil. The public has heard a great deal about the horrors of the atomic bomb. In case of nuclear war, there is a terrible threat of total destruction of man and of all that he has created on earth. Even in the process of testing atomic explosions in uninhabited parts of the world, radioactive fallout contaminates the atmosphere. People know that atomic radiation is harmful to human beings, as well as to animals and plants. Therefore, most people say ‘NO’ to the atomic bomb: they hope that the vast powers of nuclear energy will be used only for peaceful purposes.
Benchmark I

"Life on earth has developed with an ever present background of radiation. It is not something new, invented by the wit of man: radiation has always been there." 

Eric J Hall, Professor of Radiology, College of Physicians and Surgeons, Columbia University, New York, in his book "Radiation and Life". 
Radiation is all around us, every minute of every day. Some radiation is essential to life, such as heat and light from the sun. We cannot exist without it. Some radiation informs and entertains us, through video signals and sounds from television sets and radios. As used in medicine, radiation helps us diagnose and treat diseases and save lives. Yet it can also pose serious risks.

 But what we actually know about radiation? It seems complex and often not well understood. Understanding radiation, its risks and benefits can help us- as individuals and as society- to make informed decisions about the use of radiation and actions to protect ourselves from possible harm. The more we know, the better equipped we will be to help ensure that society develops and uses radiation wisely.

Radiation is energy- the primal energy of the universe, originally created billions of years ago. In its widest sense the term includes electromagnetic, acoustic, and particle radiation, and all forms of ionizing radiation. Commonly radiation refers to the electromagnetic spectrum, which, in order of decreasing wavelength, includes radio, microwave, infrared, visible-light, ultraviolet, X-ray, and gamma-ray emissions. All of this travel through space at the speed of light (c.300, 000 km/186,000 mi per sec) but differ in wavelength and frequency. According to the quantum theory, the energy carried in the form of electromagnetic radiation may be viewed as made up of tiny bundles or packets, each bundle being known as a photon.
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A lot of common people often mistakenly use the terms ‘radiation’ and ‘radioactivity’ interchangeably. However, there is an important difference between these two terms. 

· Radiation is energy in the form of waves or particles sent out over a distance. (A simple example is the ripples of water radiating outward in a pond after a pebble is dropped into the water.) There are many different types of radiation.

· Radioactivity is a property of a substance, such as uranium or plutonium, which emits high-energy (ionizing) radiation.

Radiation travels over distances ranging from fractions of a millimeter to billions of light-years. This energetic quality of radiation makes life possible but also presents threats of danger and destruction.

To better understand radiation it is important to remember this:

· Not all radiation is the same.

· Different types of radiation affect living things in different ways.

Types of radiation
The most basic distinction scientists make between types of radiation is the amount of energy involved. Radiation with lower energy levels is called nonionizing; radiation with higher energy levels is called ionizing.  
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· Ionizing/non-ionizing - Ionization is the process of removing electrons from atoms, leaving two electrically charged particles (ions) behind. Some forms of radiation like visible light, microwaves, or radio waves do not have sufficient energy to remove electrons from atoms and hence, are called non-ionizing radiation. The negatively charged electrons and positively charged nuclei may cause changes in living tissue.

Nonionizing radiation

Nonionizing radiation has lower energy levels and longer wavelengths. Our senses can detect some types of nonionizing radiation: we can see visible light, and feel the burning effects of infrared radiation.

This type of radiation is strong enough to influence the atoms it contacts, but not strong enough to affect their structure. For example, microwave radiation is used to heat the water in food by causing water molecules to vibrate.

Living tissue can generally be protected from harmful nonionizing radiation by devices such as goggles, protective clothing, and shielding around radiation-generating equipment. However, concern has been raised about possible health effects from nonionizing radiation produced by such things as cell phones and electric power lines.
Ionizing radiation

(See level of ionizing radiation)

Ionizing radiation has higher energy levels. Examples include X-rays and cosmic rays. Ionizing radiation has enough energy to directly affect the structure of atoms of the materials, including human tissue, which it passes through. Ionizing radiation produces electrically-charged particles called ions in the materials it strikes. This process is called ionization. In the large chemical molecules of which all living things are made the changes caused may be biologically important. 

There are several types of ionizing radiation: 
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X-rays and gamma rays, like light, represent energy transmitted in a wave without the movement of material, just as heat and light from a fire or the sun travels through space. X-rays and gamma rays are virtually identical except that X-rays are generally produced artificially rather than coming from the atomic nucleus. Unlike light, X-rays and gamma rays have great penetrating power and can pass through the human body. Thick barriers of concrete, lead or water are used as protection from them. 

Alpha particles consist of two protons and two neutrons, in the form of atomic nuclei. They thus have a positive electrical charge and are emitted from naturally occurring heavy elements such as uranium and radium, as well as from some man-made elements. Because of their relatively large size, alpha particles collide readily with matter and lose their energy quickly. They therefore have little penetrating power and can be stopped by the first layer of skin or a sheet of paper. 

However, if alpha sources are taken into the body, for example by breathing or swallowing radioactive dust, alpha particles can affect the body's cells. Inside the body, because they give up their energy over a relatively short distance, alpha particles can inflict more severe biological damage than other radiations. 

Beta particles are fast-moving electrons ejected from the nuclei of atoms. These particles are much smaller than alpha particles and can penetrate up to 1 to 2 centimeters of water or human flesh. Beta particles are emitted from many radioactive elements. A sheet of aluminum a few millimeters thick can stop them. 

Cosmic radiation consists of very energetic particles including protons which bombard the earth from outer space. It is more intense at higher altitudes than at sea level where the earth's atmosphere is most dense and gives the greatest protection. 

Neutrons are particles which are also very penetrating. On Earth they mostly come from the splitting, or fissioning, of certain atoms inside a nuclear reactor. Water and concrete are the most commonly used shields against neutron radiation from the core of the nuclear reactor. 

It is important to understand that alpha, beta, gamma and X-radiation do not cause the body to become radioactive. However, most materials in their natural state (including body tissue) contain measurable amounts of radioactivity. 

 A description of the structure of atoms will help in understanding the effects of ionizing radiation.
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Structure of atoms 
All substances are composed of atoms that are made up of three subatomic particles: protons, neutrons and electrons (except hydrogen which may have no neutrons). The protons and neutrons are tightly bound together in the positively charged nucleus at the center of the atom, while a cloud of negatively charged electrons orbits the nucleus.

The number of protons in the nucleus determines its atomic element. The simplest element, hydrogen, has only one proton in its nucleus. Oxygen has eight protons. Heavier elements, such as uranium and plutonium, have more than 90 protons.

Most atoms are stable because the nuclear forces holding the protons and neutrons together are strong enough to overcome the electrical energy that tries to push the protons apart. (The energy pushing protons apart is like two magnets with the same charge that push each other apart.)

When the number of neutrons in the nucleus is above a certain level, however, the atom becomes unstable or radioactive, and some of its excess energy begins to escape. This energy is ionizing radiation.

Radioactive Decay - Large unstable atoms can become more stable by emitting radiation. This process is called radioactive decay. This radiation can be emitted in the form of a positively charged alpha particle, a negatively charged beta particle, or gamma rays. 

Elements may have various isotopes.

Isotopes
An isotope is one of two or more atoms that have the same number of protons but different numbers of neutrons in their nuclei. Some elements have no natural isotopes. Most elements have several, Tin, for example, has as many as 10 isotopes. The concept of isotope was introduced by F. Soddy in explaining aspects of radioactivity; the first stable isotope (of neon) was discovered by J. J. Thomson.  

Chemically isotopes are exactly alike. No chemical method can be used to separate them. Instead methods depending on the difference in the weight of isotopes should be used.

Scientists build high-voltage devices, such as the cyclotron, to speed up the atomic bullets. Hundreds of new forms of atoms, called ‘radioisotopes’, were produced. When the nucleus of a lithium atom was hit by a proton, sped up by a very high voltage, it split into two helium atoms. At the same time a large amount of energy was set free.

Scientists build machines to apply higher and higher voltages to the nuclear bullets. The higher the voltage you use, the faster the particles go, and the harder they smash into nucleus.

Radio-isotopes are of enormous importance in modern research. They are called ‘tagged’ atoms because they act as tracers in chemical reactions. An isotope of uranium, U235, is the most commonly used nuclear fuel. Radioactive isotopes of many common elements, such as carbon and phosphorus, are used as tracers in medical, biological, and industrial research. Their radioactive nature makes it possible to follow the substances in their paths through a plant or animal body and through many chemical and mechanical processes. The very slow and regular transmutations of certain radioactive substances, notably carbon-14, make them useful as "nuclear clocks" for dating archaeological and geological samples.

                                           
The concept of half-life of a radioactive material
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By the beginning of the 20th century man had begun to learn something of the structure of the atom. In 1896, a French scientist Becquerel made an observation that a piece of uranium ore gave out a mysterious radiation. Years and years out, uranium and all its compounds send out their highly penetrating radiation. Undisturbed the uranium keeps on giving off its radiation. This action is called radioactivity.

A British scientist, Ernest Rutherford, made a thorough study of radioactivity. He showed that three kinds of rays come from radioactive elements such as uranium and radium. One kind, called alpha particles, consists of positively charged nuclei of helium atoms. A second kind, beta particles is a beam of electrons, traveling nearly as fast as light. The rest of radiation consists of gamma rays.
How long does radiation last?

After 1700 years, only half of radium atoms would have disintegrated. This period of time is known as the half-life of radium. For some radioactive elements the half-life is a millionth of a second, for others, millions of years.

The nucleus of a heavy atom is made of many particles, held together by huge forces. But certain internal disturbance, or a hit by a particle from the outside, upsets the balance in the nucleus. That is when radioactivity occurs. Energy and mass fly off in the form of alpha and beta particles, and gamma rays.

The half-life of an isotope determines the longevity of its radioactivity. The longer the half-life is, the more amount of a radioactivity. However, the half-life of a radioactive material is not a direct measure of the risk associated with the material. 

Where does radiation come from?

Natural background radiation

Natural background radiation comes from three primary sources: cosmic radiation, external terrestrial sources, and radon.

Cosmic radiation

The earth, and all living things on it, are constantly bombarded by radiation from outside our solar system of positively charged ions from protons to iron nuclei. This radiation interacts in the atmosphere to create secondary radiation that rains down, including x-rays, muons, protons, alpha particles, pions, electrons, and neutrons. The dose from cosmic radiation is largely from muons, neutrons, and electrons.

The dose rate from cosmic radiation varies in different parts of the world based largely on the geomagnetic field and altitude.

External terrestrial sources

Radioactive material is found throughout nature. It occurs naturally in the soil, rocks, water, air, and vegetation. The major radionuclides of concern for terrestrial radiation are potassium, uranium and thorium. Each of these sources has been decreasing in activity since the birth of the Earth so that our present dose from potassium-40 is about ½ what it would have been at the dawn of life on Earth.

Radon

Radon gas seeps out of uranium containing soils found across most of the world and may concentrate in well-sealed homes. It is often the single largest contributor to an individual's background radiation dose and is certainly the most variable in the United States.

Man-made radiation sources

Natural and artificial radiation sources are identical in their nature and their effect. Above the background level of radiation exposure, the NRC requires that its licensees limit man-made radiation exposure to individual members of the public to 100 mrem (1 mSv) per year, and limit occupational radiation exposure to adults working with radioactive material to 5,000 mrem (50 mSv) per year.

The exposure for an average person is about 360 millirems (3.6 mSv) per year, 81 percent of which comes from natural sources of radiation. The remaining 19 percent results from exposure to man-made radiation sources.

Some man-made radiation sources affect man through direct radiation, while others take the form of radioactive contamination and irradiate man from the inside.

By far, the most significant source of man-made radiation exposure to the general public is from medical procedures, such as diagnostic X-rays, nuclear medicine, and radiation therapy. Some of the major isotopes used would be I-131, Tc-99m, Co-60, Ir-192, Cs-137, and others. These are rarely released into the environment.

In addition, members of the public are exposed to radiation from consumer products, such as tobacco (polonium-210), building materials, combustible fuels (gas, coal, etc.), ophthalmic glass, televisions, luminous watches and dials (tritium), airport X-ray systems, smoke detectors (americium), road construction materials, electron tubes, fluorescent lamp starters, lantern mantles (thorium), etc.

Of lesser magnitude, members of the public are exposed to radiation from the nuclear fuel cycle, which includes the entire sequence from mining and milling of uranium to the disposal of the used (spent) fuel. The effects of such exposure have not been reliably measured. Estimates of exposure are low enough that proponents of nuclear power liken them to the mutagenic power of wearing trousers for two extra minutes per year (because heat causes mutation). Opponents use a cancer per dose model to prove that such activities cause several hundred cases of cancer per year.

In a nuclear war, gamma rays from fallout of nuclear weapons would probably cause the largest number of casualties. Immediately downwind of targets, doses would exceed 30,000 roentgens per hour (2.2 mC/(kg·s)), while 450 R (32 µC/(kg·s)) (more than a thousand times the background rate) is fatal to half of a normal population. No survivors have been documented from doses above 600 R (43 µC/(kg·s) or 0.15 coulomb per kilogram-hour).

Occupationally exposed individuals are exposed according to their occupations and to the sources with which they work. The exposure of these individuals to radiation is carefully monitored with the use of pocket-pen-sized instruments called dosimeters.

Some of the isotopes of concern include cobalt-60, caesium-137, americium-241 and iodine-131. Examples of industries where occupational exposure is a concern include:

· Fuel cycle

· Industrial Radiography 

· Radiology Departments (Medical) 

· Radiation Oncology Departments

· Nuclear power plant 

· Nuclear medicine Departments 
· National (government) and university Research Laboratories
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MEASURING RADIATION 

Grays and Sieverts 

The human senses cannot detect radiation or discern whether a material is radioactive. However, a variety of instruments can detect and measure radiation reliably and accurately. 

The amount of ionizing radiation, or 'dose', received by a person is measured in terms of the energy absorbed in the body tissue, and is expressed in gray. One gray (Gy) is one joule deposited per kilogram of mass. 

Equal exposure to different types of radiation expressed as gray does not however necessarily produce equal biological effects. One gray of alpha radiation, for example, will have a greater effect than one gray of beta radiation. When we talk about radiation effects, we therefore express the radiation as effective dose, in a unit called the sievert (Sv). 

Regardless of the type of radiation, one sievert (Sv) of radiation produces the same biological effect. 

Smaller quantities are expressed in 'millisievert' (one thousandth) or 'microsievert' (one millionth) of a sievert.

Protection from radiation

Because exposure to high levels of ionizing radiation carries a risk, should we attempt to avoid it entirely? Even if we wanted to, this would be impossible. Radiation has always been present in the environment and in our bodies. However, we can and should minimize unnecessary exposure to significant levels of man-made radiation. 

Radiation is very easily detected. There is a range of simple, sensitive instruments capable of detecting minute amounts of radiation from natural and man-made sources. There are four ways in which people are protected from identified radiation sources: 

Limiting time: For people, who are exposed to radiation in addition to natural background radiation through their work, the dose is reduced and the risk of illness is essentially eliminated by limiting exposure time. 

Distance: In the same way that heat from a fire is less the further away you are, the intensity of radiation decreases with distance from its source. 

Shielding: Barriers of lead, concrete or water give good protection from penetrating radiation such as gamma rays. Radioactive materials are therefore often stored or handled under water, or by remote control in rooms constructed of thick concrete or lined with lead. 

Containment: Radioactive materials are confined and kept out of the environment. Radioactive isotopes for medical use, for example, are dispensed in closed handling facilities, while nuclear reactors operate within closed systems with multiple barriers which keep the radioactive materials contained. Rooms have a reduced air pressure so that any leaks occur into the room and not out from the room. 

Standards and regulation 

Radiation protection standards are based on the conservative assumption that the risk is directly proportional to the dose, even at the lowest levels, though there is no evidence of risk at low levels. This assumption, called the 'linear no-threshold (LNT) hypothesis', is recommended for radiation protection purposes only such as setting allowable levels of radiation exposure of individuals. It cannot properly be used for predicting the consequences of an actual exposure to low levels of radiation. For example, it suggests that, if the dose is halved from a high level where effects have been observed, there will be half the effect, and so on. This could be very misleading if applied to a large group of people exposed to trivial levels of radiation and could lead to inappropriate actions to avert the doses. 

Much of the evidence that has led to today’s standards derives from the atomic bomb survivors in 1945, who were exposed to high doses incurred in a very short time. In setting occupational risk estimates, some allowance has been made for the body's ability to repair damage from small exposures, but for low-level radiation exposure the degree of protection may be unduly conservative.

Medical Diagnosis and Treatment
The largest man-made source of radiation is medical diagnosis and treatment, including X-rays, nuclear medicine and cancer treatment.
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More than 28,000 American doctors practice medical specialties that use radiation.

The use of radiation for medical diagnosis and treatment is so widespread that virtually every U.S. hospital has some form of nuclear medicine unit.

Nearly 4,000 hospital-based nuclear medicine departments across the country perform more than 10 million nuclear medicine patient procedures each year.

One radioactive isotope developed at the Brookhaven National Laboratory in New York, molybdenum-99, is used about 40,000 times each day in the United States to diagnose cancer and other illnesses.

Of the 10 Nobel prizes granted in physiology and medicine from 1975 to 1989, 10 were based on research using radioactive materials.

Food Processing and Preservation
Irradiation kills bacteria, parasites and insects in food—including listeria, salmonella and potentially deadly E. coli—and retards non-microbial spoilage of certain foods, increasing their shelf life. In the United States alone, according to the national Centers for Disease Control and Prevention, more than 6.5 million serious cases of food-related illness occur each year, causing more than 10,000 deaths.

The World Health Organization in 1992 called food irradiation a "perfectly sound food-preservation technology." The head of the group's food safety unit said irradiation is "badly needed in a world where food-borne diseases are on the increase and where between one-quarter and one-third of the global food supply is lost post-harvest."

The United States is among more than 35 countries that permit irradiation of certain foods.

Since the 1960s, NASA has included irradiated food on its space flights.

In 1963, the U.S. Food and Drug Administration approved the irradiation of wheat, flour and potatoes; in 1983, spices and seasonings; in 1985, pork; in 1986, fruits and vegetables; in 1990, poultry; and in 1997, red meat.

Industrial Applications

Radiation is used to sterilize baby powder, bandages, contact lens solution and many cosmetics, including false eyelashes and mascara.

Small amounts of a radioactive substance are commonly used as tracers in process materials. They make it possible to track leakage from piping systems, monitor the rate of engine wear and corrosion of processing equipment, observe the velocity of materials through pipes, and gauge system filtration efficiency.

The automobile industry uses radioactive materials to test the quality of steel in cars. Aircraft manufacturers use radiation to check for flaws in jet engines. Can manufacturers use radioactive materials to obtain the proper thickness of tin and aluminum?

Mining and petroleum companies use radionuclide to locate and quantify mineral deposits. Oil, gas and mining companies use it to map geological contours, using test wells and mine bore sand to determine the presence of hydrocarbons.

Pipeline companies use radioactive materials to look for defects in welds. Construction crews use radioactive materials to gauge the density of road surfaces and subsurface.

Fuel Availability

Uranium is a relatively abundant element that occurs naturally in the earth's crust. Uranium oxide is more abundant than gold and silver, and about as common as tin.

In 2002, 16 countries produced over 99 percent of the world's total uranium production. Canada's and Australia's uranium mines account for over 50 percent.
Neutron Activation Cross-Section Measurements from 16 to 20 MeV for Isotopes of F, Na, Mg, Al, Si, P, Cl, Ti, V, Mn, Fe, Nb, Sn, and Ba

Cross sections have been measured with the activation technique at various neutron energies in the range of 16.0 to 20.5 MeV for the following 22 reactions: 19F(n,p)19O, 23Na(n,p)23Ne, 23Na(n,[image: image7.png]


)20F, 25Mg(n,p)25Na, 27Al(n,p)27Mg, 28Si(n,p)28Al, 29Si(n,p)29Al, 29Si(n, n,p + p,n + d)28Al, 31P(n,[image: image8.png]


)28Al, 35Cl(n,2n)34mCl, 37Cl(n,p)37S, 46Ti(n,p)46mSc, 50Ti(n,p)50g+mSc, 51V(n,p)51Ti, 55Mn(n,[image: image9.png]


)52V, 56Fe(n,p)56Mn, 57Fe(n, pn + pn + d)56Mn, 57Fe(n,p)57Mn, 93Nb(n,[image: image10.png]


)90mY, 93Nb(n,2n)92mNb, 119Sn(n,p)119gIn, and 138Ba(n,2n)137mBa. The half-lives for the reaction products range from 11 s to 10.15 days. Quasi-monoenergetic neutrons were produced via the 3H (d, n) 4He reaction. In some cases isotopically enriched materials were used to enhance the reaction yield or to facilitate correction for interfering reactions leading to the same product. The gamma rays emitted from the irradiated samples were measured with a high-purity germanium detector. A pneumatic sample transport system was used to limit the decay of the radioactive products between neutron irradiation and gamma-ray counting. All cross sections were obtained as ratios to the standard reaction 27Al (n,[image: image11.png]


) 24Na, using as secondary neutron affluence references the 27Al (n, p) 27Mg reaction as well as a calibrated Bonner sphere. Corrections have been applied for sample-irradiation and counting environment geometric effects, neutron absorption and multiple scattering, time variation of neutron-source strength, neutron-source angular distributions, secondary neutrons from the target, gamma-ray absorption, and gamma-ray sum coincidences. A detailed analysis of the uncertainty sources was performed. The present results are compared with other measurements and evaluated data. For seven reactions, measured cross sections have been obtained for the first time beyond 15 MeV. These new data help appreciably to resolve discrepancies in evaluated data files.

	Level (mrem)
	Ionizing radiation standards
	Example

	1 / yr
	
	USA dose from nuclear fuel and nuclear power plants. 
(http://www.ornl.gov/sci/env_rpt/aser95/appa.htm)

	1 / day
	
	Daily natural background radiation, including radon.
 (http://www.ornl.gov/sci/env_rpt/aser95/tb-a-2.pdf)

	2.5 / 6 h
	
	Cosmic dose on flight from New York to Los Angeles. 
(http://www.ornl.gov/sci/env_rpt/aser95/tb-a-2.pdf)

	2 / hour
	USA NRC public area exposure limit.
	

	10 / yr
	
	USA average dose from consumer products. 
(http://www.ornl.gov/sci/env_rpt/aser95/appa.htm)

	15 / yr
	USA EPA cleanup standard.
	

	25 / yr
	USA NRC cleanup standard for individual sites/sources.
	

	27 / yr
	
	USA dose from natural cosmic radiation. 16 

Coastal plain - 63 eastern Rocky Mountains. 
 (http://www.ornl.gov/sci/env_rpt/aser95/appa.htm)

	28 / yr
	
	USA dose from natural terrestrial sources.  
(http://www.ornl.gov/sci/env_rpt/aser95/appa.htm)

	39 / yr
	
	Global level of human internal radiation due to radioactive potassium.

	46
	
	Estimate of largest off-site dose possible from March 28, 1979 Three Mile Island accident.

	66 / yr
	
	Average USA dose from human-made sources. 
 (http://www.ornl.gov/sci/env_rpt/aser95/tb-a-2.pdf)

	100 / yr
	USA NCR total public exposure.
	

	110 / yr
	
	1980 average USA radiation worker occupational dose. 
 (http://www.ornl.gov/sci/env_rpt/aser95/tb-a-2.pdf)

	200 / yr
	
	USA average medical and natural background.  
(http://www.ornl.gov/sci/env_rpt/aser95/tb-a-2.pdf)
Human internal radiation due to radon, varies with radon levels
(http://www.ornl.gov/sci/env_rpt/aser95/appa.htm)

	220
	
	Average dose from upper gastrointestinal diagnostic X-ray series.

	300 / yr
	
	USA average from all natural sources.  
(http://www.ornl.gov/sci/env_rpt/aser95/tb-a-2.pdf)

	366 / yr
	
	USA average from all sources.

	few hundred / yr
	
	Estimate of cobalt-60 contamination within about 0.5 mile of "dirty bomb".

	500 / yr
	USA NCR occupational limit for minors (10% of adult limit).  USA NCR limit for visitors.
	Orvieto town, Italy, natural. 
 (http://www.unscear.org/pdffiles/annexb.pdf)

	500 / 9 months
	USA NCR occupational limit for pregnancy.
	

	640 / yr
	
	HBRA of Yangjiang, China. 

 (http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;amp;db
=PubMed&amp;amp;list_uids=11715418&amp;amp;dopt=Citation)

	760 / yr
	
	Fountainhead Rock Place, Santa Fe, NM natural.

	1,000 - 5,000
	USA EPA nuclear accident emergency action level. (http://www.ornl.gov/sci/env_rpt/aser95/tb-a-2.pdf)
	

	1,000 - 19,000 acute
	
	Nagasaki bomb survivors have lower incidence of cancer.

	1,500 / yr
	
	Taiwan cobalt-60 10 year exposure, 97% lower cancer than population. 
(http://www.jpands.org/vol9no1/chen.pdf)

	5,000 / yr
	USA NCR occupational limit (10 CFR 20 (http://www.nrc.gov/reading-rm/doc-collections/cfr/part020/)).
	

	10,000 acute
	USA EPA acute dose level estimated to increase cancer risk 0.8%. (http://www.ornl.gov/sci/env_rpt/aser95/tb-a-2.pdf)
	

	12,000 / yr
	
	30 year exposure, Ural mountains, lower cancer mortality rate. 
(http://cnts.wpi.edu/RSH/Docs/Pollycove2000_Symp_on_Med_Ben.htm)

	15,000 / yr
	USA NCR occupational eye lens exposure.
	

	17,500 / yr
	
	Guarapari, Brazil natural. 
(http://www.lewrockwell.com/miller/miller12.html)

	25,000 acute
	USA EPA voluntary maximum dose for emergency non-lifesaving work. (http://www.ornl.gov/sci/env_rpt/aser95/tb-a-2.pdf)
	

	50,000 / yr
	USA NCR occupational whole skin, limb skin, or single organ exposure.
	30 year exposure, Ural mountains, somewhat lower cancer mortality rate. (http://cnts.wpi.edu/RSH/Docs/Pollycove2000_Symp_on_Med_Ben.htm)

	75,000 acute
	USA EPA voluntary maximum dose for emergency lifesaving work. (http://www.ornl.gov/sci/env_rpt/aser95/tb-a-2.pdf)
	

	79,000 / yr
	
	Ramsar, Iran natural.(http://www.lewrockwell.com/miller/miller12.html)
Guarapari, Brazil, natural, maximum on beach.

	50,000 - 100,000 acute
	Low-level radiation sickness due to short-term exposure.
	World War II bomb victims.


Level of ionizing radiation.
Interview

I decided to turn for further information to Sharon and Bruce Schumacher (Health physicists).  

· Most people can say that radiation is something awful. When looking at the problem for the first time we can’t but agree. Can you tell us what radiation is?

· There’s a variety of types of radiation. But in general it’s a lot of energy released from individual atoms. It can come out in different forms. It releases from an atom in forms of either particles ,that we cannot see, shooting through space like a bullet or it comes out as electromagnetic radiation (e.g. light)

When they hit something then energy is given from one to another. For example, when the light hits your body you can feel some heat. Thus energy is transported to your body.
· Well, and what about radioactivity? You see when common people come across terms ‘radiation’ and ‘radioactivity’ they think it’s the same. Is there any difference between them?

· Well, yes, it is similar. But radiation is a particular amount of energy, while radioactivity is the process of releasing radiation.
· Oh, I see. And can we say that radiation in ultra-small doses is everywhere?

· Of course. Actually we live in radiation world. I can even say that radiation is necessary for us. For example, there was an experience with mice. Scientists took two groups of mice. One of them was put in a lead cage, while the other was put in a usual one. The 1st group didn’t get any radiation. The 2nd group got a natural dose of radiation. And it was proved that mice from the 2nd group were stronger and healthier than from the 1st one. So we can see that radiation is everywhere and affects our bodies. Sometimes it even stimulates the repairing of DNA.
· But how can we measure the amount of radiation? How can we know that the average dose we get isn’t harmful? Is there any simple device?

· Yes, there is a very simple device. You need a battery, a container and a radiation source of course. There are also a lot of counters such as neutron counter, MG counter, Geiger counter and many others. Most counters have audio so you can hear how they work (they make a sound like ‘click-click’). Sometimes you don’t even imagine where you can find radiation.
· And when we speak about specialists, who can measure radiation?

· Well, actually every person can measure it. What about specialists then we can name fire fighters, scientists, physicists and etc. 
· Ok and what about radioactive materials? Could you possibly name the most important ones? And how they are used nowadays?

· Well, the widest industry they are used in is medicine. There are things like cobult-60, sizium-137. Neutron sources are also used. In the USA we use a lot technician-1999 as a diagnostic tool. It is subjected into your veins and you become radioactive. Then they can take a picture of you and see whether there’s something wrong with your body. Radiation is also used in military. For example, plutonium-239 and uranium which are known in your city a lot.
      There are some radioactive materials that are used in smoke detectors. 

      You can find radioactive materials like potassium in your body. This material is salt in your body. Your body requires it in some proportions so that all the electromagnetic processes can work properly. Well your body is radioactive itself. People also use radioactive materials in sterilizing food. For example, using cobalt-60. And that’s only a small part of all the uses of radioactive materials.
· Oh, I understand. By the way, nowadays technology as well as science is rapidly developing and there seems nothing impossible. Could you make any suggestions for new uses of radioactive materials?

· Well, actually I don’t know… May be not new but further uses. For example, at nuclear power stations to make them more safety and to avoid so many accidents. And of course in food industry, as I have already mentioned.

· And do you know if it is possible to replace radioactive materials by non-radioactive? Because when people think about radiation awful thoughts come to their minds and they become afraid of it.  

· You know, it’s seems not rational to replace radioactive materials by non-radioactive ones, as it would be rather expensive. And it would take much more time.

· So to make some conclusions, we can say that radiation is more positive then negative to our civilization.

· Of course. You know it’s very hard to get large quantities of radiation. People know a lot about radiation and they did so many experiments with radiation since the previous century that there is nothing to be afraid of.

· Ok, I think I received a lot of necessary information. Thank you very much.

· Oh, you are welcome.
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Possible effects of different amounts of radiation







Appendix: Glossary of Radiation Terms.

Alpha particle: A positively charged particle ejected spontaneously from the nuclei of some radioactive elements. It has low penetrating power and a short range (a few centimeters in air). The most energetic alpha particle will generally fail to penetrate the dead layers of cells covering the skin and can be easily stopped by a sheet of paper. Alpha particles are hazardous when an alpha-emitting isotope is inside the body.

Atom: The smallest unit of an element that cannot be divided or broken up by chemical means. It consists of a central core of protons and neutrons (except hydrogen which has no neutrons), called the nucleus. Electrons revolve in orbits in the region surrounding the nucleus.

Atomic energy: Energy released in nuclear reactors. Of particular interest is the energy released when a neutron initiates the breaking up of an atom’s nucleus into smaller pieces (fission), or when two nuclei are joined together under millions of degrees of heat (fusion). It is more correctly called nuclear energy.

 Background radiation: Radiation from cosmic sources and terrestrial sources, including radon. It does not include radiation from source or byproduct nuclear materials regulated by the Nuclear Regulatory Commission. The average individual exposure from background radiation is about 300 millrems per year.

Beta particle: A charged particle emitted from a nucleus during radioactive decay, with a mass equal to 1/1837 that of a proton. A negatively charged beta particle is identical to an electron. A positively charged beta particle is called a positron. Large amounts of beta radiation may cause skin burns, and beta emitters are harmful if they enter the body. Beta particles may be stopped by thin sheets of metal or plastic.

Charged particle: An ion. An elementary particle carrying a positive or a negative electric charge.

Core: The central portion of a nuclear reactor containing the fuel elements, moderator, neutron poisons, and support structures.

Cosmic radiation: Ionizing radiation, both particulate and electromagnetic, originating in outer space.

Decay, radioactive: The decrease in the amount of any radioactive material with the passage of time due to the spontaneous emission of radiation from the atomic nuclei (either alpha or beta particles, often accompanied by gamma radiation).

Electromagnetic radiation: Radiation consisting of electric and magnetic waves. A traveling wave motion resulting from changing electric or magnetic fields. It ranges from X-rays (and gamma rays) with short wavelength, through the ultraviolet, visible, and infrared regions, to radar and radio waves with relatively long wave length.

Electron: An elementary particle with a negative charge and a mass 1/1,837 that of the proton. Electrons surround the positively charged nucleus and determine the chemical properties of the atom.

Element: One of the 103 known chemical substances that cannot be broken down further without changing its chemical properties. Some examples include hydrogen, nitrogen, gold, lead, and uranium.

Fallout, nuclear: The slow decent of minute particles of radioactive debris in the atmosphere following a nuclear explosion.

Fission (fissioning): The splitting of a nucleus into at least two other nuclei and the release of a relatively large amount of energy. Two or three neutrons are usually released during this type of transformation. Fissioning is also referred to as burning.

Fusion: A reaction in which at least one heavier, more stable nucleus is produced from two lighter, less stable nuclei. Reactions of this type are responsible for enormous release of energy, as in the energy of stars, for example.

Gamma radiation: High-energy, short wavelength, electromagnetic radiation emitted from the nucleus. Gamma radiation frequently accompanies alpha and beta emissions. Gamma rays are very penetrating and are best stopped or shielded by dense materials, such as lead. Gamma rays are similar to X-rays.

Geiger counter: Radiation detection and measuring instrument. It consists of a gas-filled tube containing electrical voltage, but no current flowing. When ionizing radiation passes through the tube, a short, intense pulse of current passes from the negative electrode to the positive electrode and is measured or counted. The number of pulses per second measures the intensity of the radiation field. It is the most commonly used portable radiation instrument.

Half-life: The time in which one half of the atoms of a particular radioactive substance decay into another nuclear form. Half-lives vary from millionths of a second to billions of year.

Ion: (1) An atom that has too many or too few electrons, causing it to have an electrical charge, and therefore, be chemically active. (2) An electron that is not associated (in orbit) with a nucleus.

Ionization: The process of adding one or more electrons from atoms or molecules, thereby creating ions. High temperatures, electrical discharges, or nuclear radiation can cause ionization.

Isotope: One of two or more atoms with the same number of protons, but different numbers of neutrons in their nuclei. For example, carbon-12, carbon-13, and carbon-14 are isotopes of the element carbon; the numbers denote the approximate atomic weights. Isotopes have very nearly the same chemical properties, but often different physical properties (for example, carbon-12 and carbon-13 are stable, carbon-14 is radioactive).

Neutron: An uncharged elementary particle with a mass slightly greater than that of the proton, and found in the nucleus of every atom heavier than hydrogen.

Nuclear energy: The heat energy produced by the process of nuclear reaction (fission or fusion) within a nuclear reactor or by radioactive decay.

Nucleus: The small, central, positively charged region of an atom that carries the atom’s nuclei. All atomic nuclei contain both protons and neutrons (except for ordinary hydrogen, which has a single proton). The number of protons determines the total positive charge, or atomic number.

Nuclide: A general term referring to all known isotopes, both stable (279) and unstable (about 5,000), of the chemical elements.

Photon: A quantum (or packet) of energy emitted in the form of electromagnetic radiation. Gamma rays and X-rays are examples of photons.

Positron: Particle equal in mass, but opposite in charge, to the electron (a positive electron).

Proton: An elementary nuclear particle with a positive electric charge located in the nucleus of an atom.

Rad: The unit of absorbed dose, which is the amount of energy from any type of ionizing radiation (e.g. alpha, beta, gamma, etc.), deposed in any medium (e.g. water, tissue, air). A dose of one rad means the absorption of 100 ergs (a small but measurable amount of energy) per gram of absorbing tissue.

Radiation: Energy in the form of waves or particles sent out over a distance.

Radiation standards: Exposure limits, permissible concentrations, rules for safe handling, regulations for transportation, and regulations controlling the use of radiation and radioactive materials.

Radioactive contamination: Deposition of radioactive material in any place where it may harm people, equipment, or the environment.

Radioactivity: The emission of radiation, generally alpha or beta particles, often accompanied by gamma rays, from the nucleus of an unstable isotope. Also, the rate at which radioactive material emits radiation.

Radioisotope: An unstable isotope of an element that decays or disintegrates spontaneously, emitting radiation. Approximately 5,000 natural and artificial radioisotopes have been identified.

Radionuclide: A radioactive nuclide. An unstable isotope of an element that decays or disintegrates spontaneously, emitting radiation.

Radiology: The brunch of medicine dealing with the diagnostic and therapeutic applications of radiation, including X-rays and radioisotopes.

Radon (Rn): A radioactive element that is one of the heaviest gases known. Its atomic number is 86. It is found naturally in soil and rocks and is formed by the radioactive decay of radium.

Reactor, nuclear: A device in which nuclear fission may be sustained and controlled in a self-supporting nuclear reaction. There are different designs.
Rem: The unit of measurement of dose equivalent. The rem value takes into account both the amount, or dose, of radiation and biological effect of the specific type of radiation. Rem equals the absorbed dose multiplied by the quality factor. (100 rem =
1 sievert)

Terrestrial radiation: Radiation that is emitted by naturally occurring radioactive materials in the earth, such as uranium, thorium, and radon.

Ultraviolet radiation: Radiation of a wavelength between the shortest visible violet rays and low energy X-rays.

Unstable isotope: A radioactive isotope.

Uranium: The heaviest element normally found in nature. The principal fuel material used in today’s nuclear reactors is the fissile isotope uranium-235.

X-rays: One type of electromagnetic radiation which arises as electrons are deflected from their original paths or inner orbital electrons charge their energy levels around the atomic nucleus. Like gamma rays, X-rays require more shielding to reduce their intensity than do beta or alpha particles.

Sources:

· Glossary of Nuclear Terms, Nuclear Regulatory Commission;
· http://www.nrc.gov/NRC/EDUCATE/GLOSSARY/index.html=N
· Fact Sheet, Health Physics Society, http://www.hps.org/publicinformation/padfactsheets.cfm
· Glossary of Nuclear Terms, http://ie.lbl.gov/education/glossary/glossaryf.htm, Lawrence Berkely Laboratory 
· Terms of Environment, Environmental Protection Agency, http://www.epa.gov/OCEPAterms/intro.htm.
· Glossary of Nuclear Terms, Frontline, PBS, http://www.pbs.org/wgbh/pages/frontline/shows/reaction/etc/terms.html
Appendix: Major Uses of Radioisotopes

Americium-241 – Used in many smoke detectors for homes and businesses to measure levels of toxic lead in dried paint samples, to ensure uniform thickness in rolling processes like steel and paper production, and to help determine where oil wells should be drilled.

Cadmium-109 – Used to analyze metal alloys for checking stock, scrap sorting.

Calcium-47 – Important aid to biomedical researchers studying the cellar functions and bone formation in mammals.

Californium-252 – Used to inspect airline luggage for hidden explosives, to gauge the moisture content of soil in the road construction and building industries, and to measure the moisture stored in soils.

Carbon-14 – Major research tool. Helps in research to ensure that potential new drugs are metabolized without forming harmful by-products. Used in biological research, agriculture, pollution control, and archeology.

Cesium-137 – Used to treat cancerous tumors, to measure correct patient dosages of radioactive pharmaceuticals, to measure and control the liquid flow in oil pipelines, to tell researchers whether oil wells are plugged by sand, and to ensure the right fill level for packages of food, drugs and other products. (The products in these packages do not become radioactive.)

Chromium-51 – Used in research in red blood cell survival studies.

Cobalt-60 – Used to sterilize surgical instruments, and to improve the safety and reliability of industrial fuel oil burners. Used in cancer treatment, food irradiation, gauges, and radiography.

Copper-67 – When injected with monoclonal antibodies into a cancer patient helps the antibodies bind to and destroy the tumor.

 Curium-244 – Used in mining to analyze material excavated from pits, and slurries from drilling operations.

Gallium-67 – Used in medical diagnosis.

Iodine-123 – Widely used to diagnose thyroid disorders including brain functions.

Iodine-125 – Major diagnostic tool used in clinical tests and to diagnose thyroid disorders. Also used in biomedical research.

Iodine-129 – Used to check some radioactivity counters in vitro diagnostic testing laboratories.

Iodine-131 – Used to treat thyroid disorders. (Former President George Bush and Mrs. Bush were both successfully treated for Grave’s disease, a thyroid disease, with iodine-131).

Iridium-192 – Used to test the integrity of pipeline welds, boilers and aircraft parts and in Brach therapy/tumor irradiation.

Iron-55 – Used to analyze electroplating solutions and to detect the presence of sulphur in the air. Used in metabolism research.

Krypton-85 – Used in indicator lights in appliances such as clothes washers and dryers, stereos, and coffee makers; to gauge the thickness of thin plastic and sheet metal, rubber, textiles and paper and to measure dust and pollutant levels.

Nickel-63 ​– Used to detect explosives, and in voltage regulators and current surge protectors in electronic devices, and in electron capture detectors for gas chromatographs.

Phosphorus-32 – Used in molecular biology and genetics research.

Phophorus-33 – Used in molecular biology and genetics research.

Polonium-238 – Has powered more than 20 NASA spacecraft since1972.

Polonium-210 – Reduces the static charge in production of photographic film and other materials.

Promethium-147 – Used in electric blanket thermostats; and to gauge the thickness of thin plastics, thin sheet metal, rubber, textile and paper.

Radium-226 – Makes lightning rods more effective.

Selenium-75 – Used in protein studies in life science research.

Sodium-24 – Used to locate leaks in industrial pipelines and in oil well studies.

Strontium-85 – Used to study bone formation and metabolism.

Sulphur-35 – Used in survey meters by schools, the military and emergency management authorities. Also used in cigarette manufacturing sensors and medical treatment.

Technetium-99m – Used in genetics and molecular biology research. The most widely used radioactive pharmaceutical for diagnostic studies in nuclear medicine. Different chemical forms are used for brain, bone, liver, spleen and kidney imaging and also for blood flow studies.

Thallium-201 – Used in nuclear medicine for nuclear cardiology and tumor detection.

Thallium-204 – Measures the dust and pollutant levels on filter paper; and gauges the thickness of plastics, sheet metal, rubber, textiles and paper.

Thoriated Tungsten – Used in electric arc welding rods in construction, aircraft, petrochemical and food processing equipment industries. They produce easier starting, greater arc stability and less metal contamination.

Thorium-229 – Helps fluorescent lights last longer.

Thorium-230 – Provides coloring and fluorescence in colored glazes and glassware.

Tritium – Major tool for biomedical research. Used for life science and drug metabolism studies to ensure the safety of potential new drugs; for self-luminous aircraft and commercial exit sings; for luminous dials, gauges and wrist watches; to produce luminous paint, and for geological prospecting and hydrology.

Uranium-234 – Used in dental fixtures like crowns and dentures to provide a natural color and brightness.

Uranium-235 – Fuel for nuclear power plants and naval nuclear propulsion systems; and to produce fluorescent glassware, a variety of colored glazes and wall tiles.

Xenon-133 – Used in nuclear medicine for lung ventilation and blood flow studies.

Source: U.S. Nuclear Regulatory Commission, “The Regulation and Use of Radioisotopes in Today’s World” (NUREG/BR-0217)
What are the effects of ionizing radiation on human?

In the first decades after the discovery of radioactivity and X-rays in the 1890s, the health effects of ionizing radiation were not recognized. Scientists and others who worked with radioactive materials took no special precautions to protect themselves.

Skin cancers in scientists who were studying radioactivity were first reported in 1902. By 1912, researchers found leukemia in humans and animals exposed to radiation, and by 1930 genetic effects were identified.

In the 1930s, the occupation hazards of working with radiation became apparent. A 1931 report described cases of bone caner in women who licked the brushes (to get a better brush point) they used to paint radioactive radium on watch dials. In 1944, the first cases of leukemia were reported in physicians and radiologists who used radiation in their work. By 1951, thyroid cancer was reported in persons exposed to radiation as children.

In 1945, Japanese citizens were exposed to high doses of radiation (up to 500,000 millirems or more) during the bombing of Hiroshima and Nagasaki. Studies of the atomic bomb survivors and other people exposed to high levels of radiation have shown that acute exposure to ionizing radiation can cause cancer, sterility, and genetic damage; and damage to bone marrow, the central nervous system, and the gastrointestinal system.

In the years since the bombing on Hiroshima and Nagasaki, scientists have tracked the health histories of more than 75,000 survivors. The studies indicate that radiation was a factor in approximately 12 recent of all the cancers (including leukemia, breast cancer, thyroid cancer, and skin cancer), and approximately 9 percent of the 6,000 fatal cancers that developed among the atomic bomb survivors. In sum, this means approximately 500 more cancer deaths occurred among the exposed population than an unexposed population of the same size. 
1. Other effects that appeared in the exposed population include the suppression of the immune system and cataracts. An increased rate of mental retardation has been found in atomic bomb survivors whose mothers were between 8 and 25 weeks pregnant at the time of exposure. (The brain tissues of a fetus are especially sensitive to radiation at certain stages of development.) So far, however, the children and grandchildren of exposed survivors have shown no greater incidence of genetic problems than unexposed populations. More than 56 percent of the exposed survivors were still alive in 1990, when the most recent cycle of mortality information was completed.

These studies have made it possible for scientists to record the long-term effects of a wide range of radiation doses, including doses comparable to an average person’s lifetime dose from naturally occurring background radiation, about 20,000 millirems (300 millirems a year for 70 years).

Accidental releases

Many people worry about the risks of radiation not so much because of routine, low-level exposures, but because of the possibility of an accident at the plant. What if an explosion or meltdown at a nuclear reactor released deadly amounts of radiation or radioactive materials into the environment? Public anxiety was heightened in March 1979 by the accident at the Three Mile Island nuclear power plant in Pennsylvania. That accident was followed by a much worse catastrophe at the Chernobyl nuclear power plant in the former Soviet Union in April 1986.

Three Mile Island

Three Mile Island is the only major accident in the history of U.S. commercial nuclear energy. Although some radioactive material escaped from the reactor containment building, the accident caused no deaths or injuries. It resulted in an average dose of eight millirems to people living within 10 miles of the plant (about the same as chest X-ray) and only 1.5 millirems to people living within a 50-mile radius. The maximum individual dose was less than 100 millirems. Subsequent studies have found no evidence of increases in cancer (including childhood leukemia), thyroid diseases, or other health effects as a result of the accident. 

Chernobyl

The Chernobyl accident, however, was much more serious than Three Mile Island. The Chernobyl station is situated at the settlement of Pripyat, 100 miles (16 km) northwest of the city of Chernobyl and 65 miles (104 km) north of Kiev, in Ukraine. The Chernobyl nuclear power station consisted of four reactors, each capable of producing 1,000 megawatts of electric power; the station came on line in 1977-83.

The accident occurred on April 25-26, 1986, when Chernobyl technicians belatedly attempted to install a safety system (more than two years after the plant went on line). The technicians shut down the reactor’s emergency water-cooling system, its emergency shutdown system, and its power-regulating system, and they withdrew almost all of the control rods from its core, while allowing the reactor to continue running at 7 percent power. These mistakes were compounded by others, and at 1:23 AM on April 26 the chain reaction in the core went out of control. Several explosions and a large fireball that followed blew off the heavy steel and concrete lid of the reactor. This and the ensuing fire in the graphite reactor core released large amounts of radioactive material into the atmosphere, where it was carried great distances by air currents.

Thirty one plant workers anв fire-fighters, who received doses up to 1.6 million millirems, died from the accident, and more than 130 plant workers and rescuers suffered from confirmed cases of acute radiation sickness. The average radiation dose to the 135,000 people evacuated from the region was 12,000 millirems. The doses included external gamma radiation, beta radiation to the skin, and internal doses to the thyroid.

Eight tons of radioactive material escaped into the atmosphere; this was more radioactivity than that created by the atomic bombs that the United States dropped on Hiroshima and Nagasaki during World War II. This radioactivity was spread by the wind over Belarus and Ukraine, and traces of it reached as far west as France and Italy. Closer to the Chernobyl plant the environmental effects of the accident were severe. The soil and groundwater supplies within a 20-mile (32-kilometre) radius of the plant were severely contaminated by radioactivity, and 135,000 people had to be evacuated from an area of 300 square miles (780 square km) around the plant. In addition, in subsequent years many livestock were born deformed (e.g. disjointed limbs and skulls, blindness), and among humans several thousand extra cancer deaths were expected in the long term from the released radiation. The Chernobyl accident was a severe blow to the Soviet Union’s nuclear power program, and it heightened resistance in the rest of Europe to the building of more such plants.

During the first year after the accident, excess radiation doses to adults in seven Western European countries ranged from 130 millirems in Switzerland, to 95 millirems in Poland, to 2 millirems in southern England. Nearly 3 million acres of farmland in Ukraine were contaminated by radioisotopes and plutonium, and may be unusable for decades. Chernobyl was a graphic example of just how serious the health and environmental consequences of a catastrophic nuclear accident can be.

Could such an accident happen again? While there are still some  Chernobyl-type reactors operating in Eastern Europe that are cause for concern, remedial measures were taken to enhance the safety of these reactors. Safety upgrades, performed between 1987 and 1991, and essentially remedied the design deficiencies that contributed to the accident. 
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These photographs were taken in Hiroshima and Nagasaki  
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People often say that if you draw a straight line from zero point to that red circle you can see how many people can die. I mean that if a large amount of radiation was found then a particular number of people will die or get cancer. For example, scientists found out that in one area people get 400 REM/year, so they think a group of people would die (pink circle). But it is only in theory. In fact it’s possible that no one will die. Moreover, if you get a natural dose of radiation, it affects in a positive way.
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