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ABSTRACT 
 
The United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) has re-evaluated the 
levels of public radiation exposure for four broad categories of sources: natural sources of radiation, enhanced 
exposure to naturally occurring radioactive material (NORM), man-made sources used for peaceful purposes 
and man-made sources used for military purposes. Regarding natural radiation sources, recent data confirmed 
former results from 2000 Report, but with a more wide range. Very few information is available for public 
exposure from NORM. Most works describes concentration levels but dose assessments are usually restricted to 
occupational exposures. The use of source and by-product materials may however lead to doses up to a few 
milisieverts to members of the public. The nuclear fuel cycle and electric energy generation have very small 
contributions to public exposure. Uranium mining contributes with the largest individual doses, mainly due to 
radon from tailings. Most relevant military use of nuclear energy were the atmospheric nuclear tests, interrupted 
in the 60’s. Residual radioactivity deposited worldwide is now responsible for a very small contribution to 
worldwide exposures. However, they left a legacy of several contaminated sites. The use of depleted uranium in 
munitions in Kuwait, Kosovo, Serbia, Montenegro and Bosnia-Herzegovina, has led to great public concern, 
although not usually associated to any major consequence regarding public exposure. Some accidents resulted 
in environmental contamination and exposures of members of the public. Except for the Chernobyl accident, the 
areas affected were usually small and the exposure restricted to small number of persons, up to a few hundred, 
without any significant contribution to worldwide exposures. The exposure to natural sources of radiation is still 
the major component of worldwide exposure to ionizing radiation although for some highly developed 
countries, medical exposure has surpassed the natural component on public exposure.  
 
 

1. INTRODUCTION 
 
Radioactivity is a natural phenomenon that occurs when an atom with an unstable nucleus 
spontaneously transforms, releasing energy in the form of ionizing radiation. The released 
radiation may take the form of particles (including electrons, neutrons and alpha particles) or 
of electromagnetic gamma radiation or X-rays, all with different amounts of energy. 
Radiation can also be generated artificially by machines. 
 
When ionizing radiation passes through matter, including living tissue, it deposits energy that 
ultimately produces ionization and excitation in the matter. The amount of energy deposited 
divided by the mass of tissue exposed is called the absorbed dose and is usually measured in 
units known as milligrays. The biological damage caused by radiation is related to the 
amount of energy deposited. However, to estimate the potential biological effect, allowance is 
made for the fact that different kinds of radiation have different biological effects for the 
same amount of energy deposited and the fact that tissues also react differently.  
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A weighted quantity called the effective dose is used in radiation protection, and is the most 
commonly used indicator of the potential biological effects associated with exposure to 
ionizing radiation in humans. The effective dose (here simply “dose”) is usually expressed in 
millisieverts (mSv). The total exposure of a group of people to radiation is called the 
collective dose and is expressed in man-sieverts (man Sv).  
 
The Committee made estimates of radiation exposure levels and trends in its 2000 report [1]. 
A new review will be presented in the next UNSCEAR report to be published in 2009/2010 
[2]. This report updates and extends those previous estimates.  
 
For most individuals, the exposure to natural radiation exceeds that from all man-made 
sources combined. There are two main contributors to natural radiation exposures: high-
energy cosmic ray particles incident on the earth’s atmosphere and radioactive nuclides that 
originated in the earth’s crust and are present everywhere in the environment, including the 
human body itself.  
 
The world population is also exposed to radiation resulting from releases to the environment 
of radioactive materials from man-made sources, and from the use of fuels or materials 
containing naturally occurring radionuclides. The purpose of UNSCEAR assessments are to 
improve understanding of global levels and trends of public and worker exposure, to evaluate 
the components of exposure so as to provide a measure of their relative importance, and to 
identify emerging issues that may warrant more attention and scrutiny. The Committee has 
historically described the exposure of members of the general public to the several different 
natural and man-made sources of radiation. Each of these source types has been divided into 
two categories:  
 
Natural radiation sources: 

- exposure to natural background radiation sources that includes exposures to cosmic 
radiation, cosmogenic and terrestrial radionuclides;  
- exposure to enhanced natural radiation, mainly associated with industrial processing 
of natural materials containing radionuclides from the uranium and thorium series;  

Man-made radiation sources: 
- exposures from the use of nuclear energy for non peaceful purposes, which includes 
the exposures to residues in the environment from the old atomic bomb tests, depleted 
uranium and other military activities; and,  
- exposures from the use of nuclear energy for peaceful purposes, including the 
nuclear fuel cycle, energy generation, radioisotopes production and uses and the 
transport of nuclear and radioactive material.   

 
 

2. NATURAL RADIATION SOURCES 
 
It is often not straightforward to differentiate between exposures and enhanced exposures to 
natural sources of radiation, and exposures to man-made sources. An illustrative example is 
the common assessment of radiation exposure indoors, where exposure to the natural 
background radiation is influenced by the presence of natural radioactivity in building 
materials. In addition, the expansion of industries (e.g. a mining installation in an area with 
high levels of background radiation) may enhance public use and habitation of the area as 
new infrastructure becomes available, leading to changes in public exposures. Because of 
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these difficulties, no attempt was made to draw a rigorous distinction between normal and 
enhanced exposures to natural sources of radiation. As so, the description on public exposure 
to natural sources of radiation includes consideration of exposures to cosmic and terrestrial 
sources of radiation, while the exposure of the general public to radiation resulting from 
industries deemed ‘non-nuclear’ such as mining, milling and processing of ores that, apart 
from the raw material, contain uranium and/or thorium is described as enhanced exposures to 
natural radiation.  
 
2.1.  Exposure to Natural Background Radiation 
 
For most individuals, exposure to natural background radiation is the largest component of 
their total radiation exposure. The main natural sources of exposure are cosmic radiation and 
natural radionuclides found in the soil and in rocks.  
 
Cosmic radiation (i.e. radiation originating in outer space) is significantly attenuated by the 
Earth’s atmosphere. At sea level it contributes about 15 per cent of the total dose from natural 
radiation sources; however, at higher altitudes and especially in outer space, it is the 
dominant radiation source.  
 
Everything in and on the Earth contains radionuclides. The so-called primordial radionuclides 
found in the ground (potassium-40, uranium-238 and thorium-232), together with the 
radionuclides into which they decay, emit radiation. Estimates of external exposure vary 
considerably from one location to another. Some specific locations have such high 
concentrations of these radionuclides that the dose rates may be 100 times the global average 
value.  
 
These radionuclides and some formed by the interaction of cosmic rays with the Earth’s 
atmosphere are also present in food and drink and so become incorporated into the body. 
Environmental concentrations of natural radionuclides are highly variable (see figure I). Most 
of the dose from such internal exposure is due to potassium-40. 
 
One radionuclide produced from the uranium-238 decay series is radon-222 (or simply 
“radon”). This gas is a normal constituent of soil gas and seeps into buildings. When radon is 
inhaled, some of its short-lived decay products are retained in the lungs and irradiate cells in 
the respiratory tract. Radon levels vary dramatically depending on the underlying local 
geology and other factors such as the permeability of the soil, construction of the building, 
climate and household lifestyles. Very extensive measurement programs have been 
conducted and have formed the basis for implementing measures to reduce indoor radon 
concentrations. Radon accounts for about half of the average exposure to natural sources of 
radiation. 

As a reference for subsequent comparisons, the annual global average per caput dose from 
natural background radiation is 2.4 mSv. The dose distribution worldwide is expected to 
follow approximately a log-normal distribution and most exposures would be expected to fall 
in the range 1–13 mSv per year. The corresponding annual collective dose to the global 
population from natural background radiation is about 16 million man Sv. 
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Figure 1. Variability of natural uranium concentrations observed in drinking water [3] 

 
2.2. Exposures to Enhanced Natural Sources 
 
There are several types of facility around the world that, while unrelated to the use of nuclear 
energy, may all the same expose the public to radiation because of enhanced concentrations 
of naturally occurring radionuclides in their industrial products, by-products and waste. The 
most important such facilities involve mining and minerals processing. Residues due to 
conventional mining operations also lead to huge amounts of material with enhanced levels 
of naturally occurring radionuclides and these represent a challenge regarding both the 
residues disposal and site restoration. The large diversity of ores containing low levels of 
nuclides from the uranium and thorium families, which may be concentrated in products, by-
products and wastes, complicates the problem — the detailed picture of worldwide exposure 
is far from complete.  
 
As with other contaminated sites worldwide, the main radioactive materials are still under the 
control of operators, and most situations pose mainly potential exposure for members of the 
public. Although the public exposure is not expected to be high, the diversity of areas with 
enhanced levels of naturally occurring radioactive material may include low level exposures 
of large numbers of people. There is a large effort needed to reach an international consensus 
on how to address this situation in order to keep the public exposures under control at levels 
compatible with those to other sources. 
 
Besides these, naturally occurring radioactive material can expose people to ionizing 
radiation as a result of various normal human practices, such as the agricultural use of sludge 
from water treatment or the use of residue as   landfill or building material. Although doses to 
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the public are low, on the order of less than a few thousandths of a millisievert, some 
especially vulnerable groups could receive doses approaching 1 mSv.  
 
There is not yet a consistent approach to characterize inventories of sources and to estimate 
potential and actual exposures in order to extrapolate to a worldwide dose assessment. A 
major effort is under way, at both the national and international levels, to assess exposure to 
naturally occurring radioactive material and to develop strategies to address situations that 
give rise to increased radiation exposure. 
 
 

3. MAN-MADE RADIATION SOURCES 
 
3.1. Exposures from Military Activities 
 
Nuclear test explosions in the atmosphere were conducted at a number of sites, mostly in the 
northern hemisphere, between 1945 and 1980, the most active testing being in the periods 
1952-1958 and 1961-1962. In all, 502 atmospheric tests were conducted. The radioactive 
fallout from those tests represents a source of continuing exposure even today, albeit at very 
low levels.  The estimated annual per caput effective dose of ionizing radiation due to global 
fallout from atmospheric nuclear weapons testing was highest in 1963, at 0.11 mSv, and 
subsequently fell to its present level of about 0.005 mSv (see Fig. 2). This source of exposure 
will decline only very slowly in the future as most of it is now due to the long-lived 
radionuclide carbon-14. 
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Figure 2. Estimated annual per caput effective dose of ionizing radiation worldwide 

from atomic bomb tests, 1945-2005 [3] 
 
 
 
Because the sites and the characteristics of the tests differed substantially, doses can only be 
estimated separately after very detailed studies at each site. Many of those studies were 
carried out since late 1990s and are still continuing. It is clear that some people living near 
the sites at the time of testing received very large doses. Presently there is concern regarding 
the return to use of nuclear test areas, since radioactive residue in some environments may be 
considerable. 
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From 1962 to 1990, following the signature of the 1963 Treaty Banning Nuclear Weapon 
Tests in the Atmosphere, in Outer Space and under Water, typically up to 50 or more 
explosions were conducted underground annually; a few tests were also conducted after that. 
Most underground tests had a much lower yield than atmospheric tests, and any radioactive 
debris was usually contained unless gases were vented or leaked into the atmosphere. The 
large quantity of radioactive residue is not expected to expose the public to radiation because 
it is located deep underground and essentially is fused with the host rock. 

A by-product of uranium enrichment is depleted uranium, which is less radioactive than 
natural uranium. Its chemical toxicity is its most hazardous property. Military use of depleted 
uranium, especially in armour-piercing munitions, has raised concerns about residual 
contamination over large battlefield areas on the territory of the former Yugoslavia, and in 
Kuwait. Although most areas have been cleaned up before release to public access, 
uncertainties remain on the long term exposures to specific individuals. This is because of the 
possibility of finding penetrators presently buried underground following human actions such 
as digging and/or ploughing, and of the enhanced corrosion rates observed for penetrators, 
which could ultimately lead to migration of depleted uranium into underground water. 
However no significant collective doses are expected to result from either of these pathways 
and, except for a few specific scenarios (such as long-term handling), individual radiation 
exposures should be negligible. 

Besides areas related to atomic bomb production and testing, early uses of radiation also left a 
legacy of numerous small contaminated sites across the planet. Effort to decontaminate these 
sites and return them to public use has been a focus of attention in many countries. Several 
types of contamination are involved, many related to industrial uses of naturally occurring 
radionuclides or old mining areas. Exposures and collective doses are site specific; once the 
areas are defined, exposures can be constrained. There is a general tendency for exposures to 
fall with time because of clean-up procedures, although for some sites there will be a need for 
long term follow-up because of the long half-lives of the radionuclides involved. Actual 
doses to the public will depend on whether released sites are actually occupied. In a general 
way, individual doses estimated for a hypothetical critical group of people are in the range 
from 0.3 to 1.0 mSv. Average individual regional doses will be at least one order of 
magnitude lower and the contribution to the worldwide population doses will most probably 
be negligible. 
 
 
3.2. Exposures from Peaceful Activities 
 
The generation of electrical energy by nuclear power plants has grown steadily since the 
industry began in 1956. Despite the increase in the decommissioning of older reactors, 
electrical energy production from nuclear sources continues to grow (see Fig. 3). The nuclear 
fuel cycle has the following stages: mining and milling of uranium ore and its conversion to 
nuclear fuel; fabrication of fuel elements; production of energy in a nuclear power plant; 
storage or reprocessing of irradiated fuel; transport between the various stages; and the 
storage and disposal of radioactive wastes. The doses of ionizing radiation to exposed 
individuals vary widely from one type of facility to another, between different locations and 
over time. 
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Figure 3. Installed nuclear electricity-generating capacity worldwide, 1970-2005 [3]. 

 
 
The dominant component of those operations is mining. The annual per caput dose to 
representative local and regional populations around nuclear power plants is less than 0.0001 
mSv. Uranium mining and milling produces substantial quantities of residues in the form of 
tailings. Until 2003, the total world production of uranium was about 2 million tons while the 
resultant tailings totaled over 2 billion tons. Current tailings piles are well maintained, but 
many old, abandoned sites exist and only a few have been remediated. The Committee 
estimates the current annual collective dose of ionizing radiation to local and regional 
population groups around mine and mill sites and tailing piles at about 50-60 man Sv, similar 
to its previous estimates. 
 
Doses from nuclear power reactors to local and regional populations decrease over time 
because of lower discharge levels. The doses to which the public is exposed vary widely from 
one type of installation to another, but they are generally small and they decrease markedly 
the further the distance from the facility. Most power reactors are of the light-water 
moderated and cooled type, although other designs are used in some countries. The average 
annual collective dose of ionizing radiation to local and regional population groups 
(combined) due to environmental releases from reactors is now estimated to be 75 man Sv. 
This is lower than previous estimates. 
 
In the nuclear fuel cycle, spent fuel is reprocessed to recover uranium and plutonium for 
reuse in reactors. Most spent fuel is retained in interim storage but about one third of that so 
far produced has been reprocessed. The estimate of the annual collective dose of ionizing 
radiation due to reprocessing is still in the range of 20-30 man Sv. 
 
The low-level and some of the intermediate-level waste from fuel cycle operations is 
currently disposed of in near-surface facilities, although waste was sometimes dumped at sea 
in the past. Both the high-level waste from reprocessing and the spent fuel (if not 
reprocessed) are stored but will eventually need to be disposed of.  
 
The public is expected to be exposed to radiation from disposed waste only in the distant 
future, if at all, so assessment of the radiological impact has to rely on mathematical 
modelling. Overall, for the 2002 world nuclear energy generation of 278 GWa, an annual 
collective dose of about 200 man Sv is estimated for all operations related to electrical energy 
production. For all fuel cycle operations (mining and milling, reactor operation and fuel 
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reprocessing), the local and regional exposures are estimated to be 0.72 man Sv (GW a)-1.  
The annual per caput dose to the world population is less than 1 µSv. If the practice of 
nuclear power production were to be limited to 100 years at the present capacity, the 
maximum annual effective dose per caput to the global population would be less than 0.2 µSv 
due to globally dispersed radionuclides.  

Releases of isotopes produced and used in industrial and medical practices have been 
discussed and seem to be associated with rather insignificant levels of exposure of the general 
public. Except in the case of accidents, in which more localized areas can be contaminated to 
significant levels, there are no other practices that result in important exposures as a result of 
radionuclides released to the environment. 

 Furthermore, of some historical estimates assigned to nuclear power production (such as that 
due to the generation of radioactive wastes, and to uranium mill tailings, among others), part 
is also related to military activities. 

 

4. OTHER SOURCES OF PUBLIC EXPOSURE 

Historically contaminated sites related to the peaceful uses of atomic energy are primarily 
related to the radium industry. These areas, mainly located in the USA, the EU and Canada, 
have already been identified and most of them are isolated from the public or have been the 
subject of decommissioning programmes. Residual exposures are then constrained to levels 
that are compatible with current operational practices. There are also a large number of 
mining residues associated with nuclear power production worldwide. Large environmental 
restoration programmes are being undertaken in order to bring the level of exposure in these 
areas within the range of those considered acceptable for ongoing practices. 

Possible future practices (such as weapons dismantling, decommissioning of installations and 
waste management projects) can be reviewed as experience is acquired, but these are all 
expected to involve little or no release of radionuclides and consequently little or no 
exposure. 
 
The radiation exposures from accidents, the exposure of patients, the exposure of workers, 
and the exposure of non-human biota are dealt in separate parts of the  UNSCEAR document. 
Only main conclusion from the review of these exposures will be cited here for comparative 
assessment purposes. 
   
A small number of accidents have occurred in association with the nuclear fuel cycle and 
have attracted widespread publicity. However, more than 100 accidents have occurred with 
industrial and medical sources, especially in settings termed “orphaned” (i.e. outside 
regulatory control), and those accidents have caused injury to workers and the public. 
Accidents can also occur during medical uses of radiation, usually involving human or 
machine error in radiotherapy.  While it is known that accidents involving orphan sources and 
medical uses of radiation have become more frequent, the current figures are likely to be 
underestimates, and possibly significantly so, because of underreporting. 

Regarding orphan sources, most of these accidents resulted from the exposure of small 
groups of people, usually from the same family, close friends or their neighbourhood, due to 
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industrial and medical sources that left institutional control. These accidents have usually 
involved relatively small numbers of persons, but individual doses can be very high. There 
were also a few situations worldwide where this type of accident led to more widespread 
environmental contamination and to the exposure of larger numbers of people, although the 
collective doses resulting from such events are not high. 
 
The accident at the Chernobyl nuclear power plant in 1986 was the most severe accident in 
the history of civilian nuclear power. Two workers died in the immediate aftermath, and 134 
plant staff and emergency personnel suffered acute radiation syndrome, which proved fatal 
for 28 of them. Several hundred thousand workers were subsequently involved in recovery 
operations. Among the persons exposed to the highest radiation doses in 1986 and 1987, there 
are some reports of increased incidence of leukemia and of cataracts; there is no other 
consistent evidence to date of other radiation-related health effects.  
 
The radioactive cloud created by the accident deposited substantial amounts of radioactive 
material over large areas of the former Soviet Union and other parts of Europe, contaminating 
land, water and biota and causing particularly serious social and economic disruption to large 
segments of the population in the countries known today as Belarus, the Russian Federation 
and Ukraine. Among the people who were children or adolescents in 1986 in affected areas of 
the former Soviet Union, more than 6,000 cases of thyroid cancer have been reported (to date 
only a small number of them fatal),  of which a substantial portion could be attributed to 
drinking milk contaminated with the short-lived  radionuclide iodine-131. 
 
In its 1996 scientific report, the Committee evaluated the rates of exposure below which 
effects on populations of species other than humans were unlikely. The current review has 
revealed no evidence to support changing the conclusions of the 1996 Report according to 
which no effects are expected at chronic dose rates below 0.1 milligrays per hour or at acute 
doses below 1 gray to the most highly exposed individuals in the exposed population. 
 
With regard to the peaceful uses of radiation, medical exposures were by far the dominant 
form. Medical exposure is almost always voluntary and provides a direct benefit to the 
exposed individual. Irrespective of the level of health care in a country, the medical uses of 
radiation continue to increase as techniques develop and become more widely disseminated; 
about 3.6 billion radiological examinations are conducted worldwide every year. Collective 
doses, however are highly affected by the health care level of countries. In countries with 
high levels of health care, exposure from medical uses is on average now equal to about 80 
per cent of that from natural sources. 
 
In the area of occupational exposure, it is now recognized that a very large number of 
workers are exposed to natural sources. Occupational exposures at commercial nuclear power 
plants have been falling steadily over the past three decades, albeit with significant 
differences between reactor types. Estimates for exposure related to the nuclear fuel cycle are 
generally more robust and comprehensive than for other uses of radiation. By contrast, the 
monitoring and reporting of occupational exposures in the medical and industrial sectors is 
less comprehensive. 
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5. CONCLUSIONS  
 
Exposure of members of the public to the various sources discussed in this document has a 
very wide variability. Exposure to different sources has also different time trends worldwide. 
For example, while in UK it has been verified that the contribution from different sources has 
not changed significantly since 1970s, with natural sources dominating public exposure, in 
USA, average annual per caput doses from medical exposure have been increased from 0.54 
in 1982, about 3 mSv in 2006, being currently the largest contribution source of radiation 
exposure to US population [4]. Table 1 summarizes the updated values for average annual 
dose and range of exposure from all sources. 
 
Better understanding of the components of the total exposure to different sources on a 
geographical basis could also lead to changes in the current estimated exposure distribution. 
Up to now, only the variability associated with exposures to individual sources is taken into 
account in worldwide dose estimates. The distribution of collective dose contributions may 
than be very different from current estimated distributions, considering the relationship 
among different exposure pathways. This could also indicate a need for future improvements 
on the methodology for estimating averages and ranges of population doses worldwide. 
 
 
Table 1. Summary of worldwide annual doses (mSv) from different sources in 2002 [3]. 
 

Source 
Average 

dose (mSv) 
Dose range 

(mSv) 
Comment 

Natural sources of exposure 
Inhalation (radon) 1.26  0.2 - 10  The dose is much higher in some dwellings. 
External terrestrial  0.48  0.3 - 1  The dose is higher in some locations. 
Ingestion  0.29  0.2 - 1   
Cosmic radiation 0.39  0.3 - 1  The dose increases with altitude. 
Total natural  2.4  0.3 - 1 Sizeable population groups receive 10-20 mSv. 

Artificial sources of exposure 

Medical diagnosis 
(not therapy) 

0.6  0 - several tens  

The averages for different levels of health care range 
from 0.03 to 2.0 mSv; averages for some countries are 
higher than that due to natural sources; individual 
doses depend on specific examinations 

Atmospheric 
nuclear testing 

0.005    
Some higher doses around test sites still occur. The 
average has fallen from a peak of 0.11 mSv in 1963. 

Occupational 
exposure 

0.005  ~0 - 20  
The average dose to all workers is 0.7 mSv. Most of 
the average dose and most high exposures are due to 
radon in mines. 

Chernobyl accident  0.002   

In 1986: ~150 mSv to more than 300,000 recovery 
workers and > 10 mSv to more than 350,000 other 
individuals The average in the northern hemisphere has 
decreased from a maximum of 0.04 mSv in 1986. 
Thyroid doses were much higher. 

Nuclear fuel cycle 
(public exposure) 

0.0002   
Doses are up to 0.02 mSv for critical groups at 1 km 
from some nuclear reactor sites. 

Total artificial  0.6  
~0 - several 

tens  

Individual doses depend primarily on medical 
treatment, occupational exposure and proximity to 
test or accident sites 
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