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5.1	Background radiation





	Throughout history man has been exposed to radiation and other toxic agents from the environment.  This natural background radiation comes from three main sources; cosmic radiation, radiation from terrestrial sources and radioactivity in the body.  To a certain level damage done to DNA molecules by radiation and other toxins is repaired by DNA repair mechanisms.  Some recent publications indicate that people who have lived for generations in high radiation areas may have evolved enhanced DNA repair capability.





	It is impossible to decide whether the natural background radiation has been harmful or beneficial to the development of the human species.  A very small, but finite, fraction of the natural mutations in cells must be beneficial since it contributes to the evolution of higher forms of life.





	On the other hand a major proportion of all genetic mutations lead to hereditary defects and genetic death.  It is clear that these two effects have achieved some sort of balance and that people have evolved to his present state in spite of background radiation, or perhaps because of it.





	In addition to the natural sources of background radiation many artificial sources of radiation have been introduced since the discovery of x-rays.  These artificial sources now add a significant contribution to the total radiation exposure of the population.





5.1.1	Cosmic radiation





	Cosmic radiation reaches the earth from interstellar space and from the sun.  It is composed of a very wide range of penetrating radiations which undergo many types of reactions with the elements they encounter in the atmosphere.  The atmosphere acts as a shield and reduces very considerably the amount of cosmic radiation reaching the Earth's surface.  This filtering action means that the dose rate due to cosmic radiation at sea-level, at the equator, is about 0.2 mSv/year while the dose rate at 10,000 feet is about 0.3 mSv/year.





	One very important radionuclide that arises from the interaction of neutrons from cosmic radiation with nitrogen in the upper atmosphere is carbon-14.  The carbon-14, which has a half-life of 5568 years, diffuses to the lower atmosphere where it may become incorporated into living matter.  Similarly, small concentrations of 3H (half-life 12.26 years), is maintained in the lower atmosphere by cosmic ray reactions.
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5.1.2	Radiation from terrestrial sources





	The rocks and soil of the earth's strata contain small quantities of the radioactive elements uranium and thorium and their daughter products.  The concentration of these elements varies considerably depending on the type of rock formation.  In sandstone and limestone regions the concentration is much lower than in granite.  Thus the dose rate from this source depends on the geographical location.  The dose rate to the whole body from terrestrial sources varies between about 0.2 and 1.0 mSv/year.





	In certain parts of the world it is much higher than the value given above.  For instance, for the monazite sand regions of Sri Lanka, India and Brazil the annual whole body doses from local gamma radiation can be as much as 120 mSv/year.





5.1.3	Radioactivity in the body





	The ingestion and inhalation of naturally occurring radionuclides gives rise to a dose which varies considerably depending on the location, diet and habits of the individual concerned.  Potassium-40 and nuclides from uranium and thorium series contribute most to this dose, with a minor contribution from carbon-14.  Potassium-40 (40K) is naturally occurring (half-life 1.27 x 109 years) and contributes about 0.2 mSv per year.  The dose arising from ingestion of foodstuffs containing trace quantities of members of the uranium and thorium series is about 0.17 mSv per year.





	A significant contribution to the radioactivity in the body comes from the gaseous decay products of the uranium and thorium radioactive series, namely radon and thoron.  These gases diffuse from the rocks and soil and are present in the atmosphere.  They are inhaled by man along with their decay products and are also taken up by plants and animals with the result that most foodstuffs contain measurable amounts of natural radioactivity.  Poor ventilation causes the build up of radon in houses and buildings.





	Table 5.1 gives a list of typical average annual doses due to natural radiation.
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	Table 5.1.   Typical average annual doses due to natural radiation.





�PRIVATE ��


	Source�



	Dose (mSv/year)�
�
 Local gamma radiation


 Carbon-14


 Radon, thoron and decay products


 Potassium-40 in body


 Cosmic radiation


 Uranium and thorium nuclides in body





	TOTAL�
400


 10


800


200


300


170


------------


1880�
�

























































Figure 5.1.  Illustrating the three major components of natural background radiation; cosmic rays from the sun or space, radioactivity in food, and radiation from the earth's crust, which in practice means from building materials since we spend so much time indoors.








5.1.4	Man made sources of radiation





	The early experiences of man-made sources of radiation involved x-rays and various uses of radium.  During the second and third decades of the twentieth century there were many cases of over exposure to radium.  A considerable number of these arose from the use of radium as a therapeutic agent.  It was administered for a large variety of diseases ranging from arthritis to insanity.





	The most serious over exposure to radium occurred in the radium-dial painting industry in the United States.  Most of the persons employed were women and they had the habit of "pointing" their paint brushes with their lips.  many of these women probably ingested tens or even hundreds of mCi of radium.  It is not known how many radium-dial painters actually died from bone cancer due to their radiation exposure.





	Diagnostic radiology, use of isotopes in medicine, radioactive waste, fall-out from nuclear weapon tests, and occupation exposures from nuclear reactors and accelerators, are other man-made sources of radiation contributing to human exposure.





	About 90 percent of the total exposure of the population from medical users of radiation comes from the diagnostic use of x-rays.  The average dose to the population from therapeutic radiology is much less than that from diagnostic radiology.  This is because large doses of radiation may be given in certain treatments, but the number of people involved is small.





	Radioisotopes are used in vitro and in vivo in medicine for diagnostic purposes.  No patient exposure result from in-vivo work.  In in-vivo diagnosis referred to as nuclear imaging, small doses of short level radioactive materials are either fed through the mouth or injected into the body.





	The increasing use of radioisotopes and, more particularly, the development of the nuclear power industry results in an ever growing quantity of radioactive waste.  Continued dispersal of low and intermediate levels of radioactive waste to the environment means that members of the general population will receive an increasing exposure from this source.  At present the contribution to the total exposure from waste disposal is very low.





	The nuclides of concern in radioactive fallout from nuclear weapons testing are similar to those arising from the operation of nuclear power stations.  The two most important radionuclides are strontium-90 (90Sr, half-life 28.8 years) and caesium-137 (137Cs, half-life 30.0 years).  Strontium-90 concentrates in the skeleton and caesium-137 is distributed uniformly throughout the body.





	Some of the radionuclides created during a nuclear test are injected into the troposphere (40,000-60,000 feet above the earth) and are carried around the earth several times.  They gradually return to the earth over a period of a few years and consequently give appreciable doses to the world's population.  The dose from nuclides injected into the troposphere reaches a peak shortly after each weapon test.





	The dose from all occupational exposure, both research and production, is very small when averaged over the whole population.  The estimated average dose (UK figures) is about 9 mSv/year, of which atomic energy workers contribute about 40 percent.  The remainder is due to users of radiation in industry and medicine.  (Table 5.2 and Figure 5.2).
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	Table 5.2.  Average annual doses due to man-made radiation (UK figures).





�PRIVATE ��


	Source�
	Dose


	(mSv/year)�
�
 Diagnostic radiology


 Therapeutic radiology


 Use of isotopes in medicine


 Radioactive waste


 Fall-out from nuclear weapons


 Occupationally exposed persons


 Other sources








	TOTAL: Approx.�
220


 30


  2


  2


 10


   9


 12


_________





285�
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	On the average our exposure to ionising radiation results mainly from natural sources and medical exposure.







































































Figure 5.2.  Radiation Sources in Australia
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5.2	Risks associated with the use of ionising radiation 





5.2.1	Introduction





	Estimates of the risk from exposure to radiation has to be based on available evidence from those exposed to high doses (such as the survivors of Hiroshima and Nagasaki and those exposed for therapeutic proposes).  For dose levels under consideration, risk estimates are obtained only by linear extrapolation from high dose level results.  Extrapolation is based on the assumption that stochastic effects are directly proportional to the dose up to zero dose (Figure 5.3).





	This assumption is a very conservative one as it ignores the existance of DNA repair mechanisms that repair radiation damage to chromosomes.  Also there is now considerable evidence from animal and single cell studies that, for most biological systems, the dose response function is "linear-quadratic", rolling over at very high doses because of cell killing.  A simple linear extrapolation downwards then overestimates the low dose risk by a factor somewhere in the range two to ten.





	The linear extrapolation of these estimates of the risk due to high doses to the much lower dose levels normally encountered in the nuclear industry and elsewhere introduces major uncertainties.  The possibility cannot be ruled out that there is a threshold dose below which there is no risk of radiation-induced cancer.  However, this is impossible to demonstrate and it is generally agreed that the only practicable basis for radiological protection is to assume that any dose, no matter how small, carries some risk.  This is estimated by extrapolation from the risk at high dose levels on the assumption of a linear relationship between dose and risk.  Thus, if the additional cancer risk from an equivalent dose of, say, 100 mSv would be one in ten thousand.  This assumption of a linear relationship forms the basis for the system for the system of dose limits recommended by the ICRP.

















































































































Figure 5.3.  The problem of extrapolation.  Most instances where radiation has been shown to produce an excess incidence of cancer in humans including a few hundred cases exposed to large doses of radiation (several gray).  The data is usually poor and give little idea of the curve shape.  To extrapolate to the low dose region of interest, a model of some sort must be assumed. (a) Is a linear extrapolation; simple, but probably an overestimate for x-rays. (b) Represents a linear-quadratic relationship and is probably nearer the truth except that the shape is hard to know. (c) Illustrates the threshold type of response - for which there is no evidence in the case of cancer.  All models can be made to fit the high dose data, but result in quite different estimates of risk at low doses.





5.2.2	The ICRP position on risk





	The ICRP have defined "risk" as a concept which includes probability of death and contributions from other factors such as illness, hereditary disease, risks to the foetus, economic losses, anxiety and other societal impacts.  The probability of death aspect of risk is far more quantifiable than the other factors.  As a consequence the ICRP only quantifies, in terms of numerical probabilities, the magnitude of risk that some of the factors other than death, present.





The ICRP have not numerically defined an acceptable level of risk in their latest publication (ICRP 60) due to the immense social difficulties in doing so.  Previous dose limits (ICRP 26) were based on an annual occupational death probability of 10-3 as being just acceptable.  This is no longer considered to be the case.





5.2.3	The risk of radiation work versus other work





	In order to compare the annual "detriment" (a term broadly meaning harm) between a radiation worker population and a non-radiation worker population the variables chosen for the radiation worker population were as follows (ICRP 45):





-	Equal numbers of men and women.


-	No restriction on women due to pregnancy.


-	Annual dose of 2 mSv (this is an internationally representative average).


-	Fatal accident rate (due to non-radiation factors) of 25 x 10-6 per year.  This is representative of a "safer" manufacturing industry.





	The total detriment for the radiation worker population was equal to that for a non-radiation worker population which had a fatal accident rate of 35 - 50 x 10-6 per year.  In other workers the 2 mSv of occupational exposure to ionising radiation encountered by radiation workers had added between 10 and 25 fatalities per million radiation workers at risk.  This fatality rate is still less than many non-radiation industries.





e.g.		      Industry			  	 Fatality rate


						 (per 10-6 workers per year)


			ship building								   113


			metal manufacture							   118


			coal & petroleum products			   148
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