
Overview of UNSCEAR re-evaluation of cccupational exposure

Dunstana Melo
Division of Cancer Epidemiology and Genetics, National Cancer Institute, National 
Institutes of Health, 6120 Executive Blvd, Bethesda, MD 20892-723, USA
email:melodun@mail.nih.gov

Abstract: The United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) 
has  re-evaluated the levels of  occupational  radiation  exposure  for  two broad  categories  of  sources: 
natural  sources of radiation and man-made source of radiation. The latter one includes the practices 
from  the  nuclear  fuel  cycle,  medical  uses  of  radiation,  industrial  uses,  military  activities,  and 
miscellaneous sources. The evaluation has been performed based on the data provided in response to 
the  UNSCEAR  Survey  of  Occupational  Radiation  Exposures  and  also  data  from  the  literature.  In 
general, the reporting of exposures arising in the commercial nuclear fuel cycle is more complete than 
that of exposures arising from other uses of radiation.  The figure for occupational  exposure, for the 
periods 1995–1999 and 2000–2002, has changed compared to the estimates in the UNSCEAR 2000 
Report. The collective effective dose resulting from exposures to natural sources (in excess of average 
levels of natural  background) is estimated to be about 37 260 manSv,  about 3 times higher than the 
value estimated in the UNSCEAR 2000 Report.  The worldwide average annual  collective effective 
dose for the workers involved in the use of man-made sources of radiation is around 4 730 manSv, 
about 2 times higher than the value estimated in the UNSCEAR 2000 Report.  The medical  uses of 
radiation contributes with about 75% of the collective effective dose; nuclear fuel cycles contributes 
with about 17% and industrial uses, military activities and all other categories of worker contribute 
with  about  8% of  the  collective  dose  for  man-made  sources  of  radiation.  In  general  the  levels  of 
occupational  exposure  have decreased:  the average  effective doses  are decreasing  over  time for  all 
practices, the collective effective doses have fallen for most of the practices; except for medical uses 
which is now estimated based on more realistic data of number of monitored workers.  
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1.Introduction

The term occupational radiation exposure is often taken to mean those exposures received at 
work which can reasonably be regarded as the responsibility of the operating management [1, 
2, 3]. Such exposures are normally subject to regulatory control, with the requirements for 
practices  as  defined  by  the  IAEA Basic  Safety  Standard  [1].  The  exposures  are  usually 
determined by individual monitoring, and the doses assessed and recorded for radiological 
protection purposes. 

United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) has re-
evaluated the levels of occupational radiation exposure for two broad categories of sources: 
natural sources of radiation and man-made source of radiation. The latter one includes the 
practices  from the  nuclear  fuel  cycle,  medical  uses  of  radiation,  industrial  uses,  military 
activities, and miscellaneous sources (which comprises all other groups of workers exposed to 
ionizing radiation).

In most countries,  dose recording and reporting practices are governed by regulations and 
may differ for various categories of workers depending on the anticipated levels of exposure. 
The International Atomic Energy Agency, in its publications [1 – 2 – 3 – 4 - 5] has provided 
guidelines on how monitoring data and results should be reported, what dose levels should be 
recorded  and  what  documents  and  records  of  radiation  exposure  should  be  maintained. 
Although there are guidelines for dose recording, it may vary from country to country, and 
may significantly affect reported values of collective dose. 
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2. Methodology 

The evaluation of the level of radiation exposure for workers involved in different practices is 
based on data from the UNSCEAR Survey and data from literature. The UNSCEAR Survey 
of Occupational Radiation Exposures is based on the information given in the questionnaire. 
For the current  period, a new questionnaire  (requesting more detailed information for the 
period from 1995 to 2002) was distributed to Member States of the United Nations by the 
UNSCEAR  secretariat.  The  data  have  been  supplemented  by  other  (usually  published) 
sources of information: for the nuclear power industry, for example, a principal source is the 
joint  databank  of  the  Organization  for  Economic  Cooperation  and  Development/Nuclear 
Energy Agency – (OECD/NEA) and of the IAEA — the Information System on Occupational 
Exposure (ISOE) [7 – 8 - 9], which serves as a main source of data on occupational exposure 
resulting from reactor operations for the period 1995–2002.  

The basic quantity used to describe radiation exposure is the effective dose. Although this 
artificial  quantity  was  strictly  developed  for  protection  purposes,  it  is  used  here  for  the 
purposes of exposure assessment.  The estimate of the effective dose, E(t), needs to take into 
account  the  contribution  from  external  and  internal  exposure,  if  appropriate.  It  can  be 
estimated using the following expression:
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where  HP(d) is the personal dose equivalent during time period  t at a depth  d in the body 
(normally 10 mm for penetrating radiation); ej,inh(50) is the committed effective dose per unit 
activity intake by inhalation of radionuclide  j, integrated over 50 years;  Ij,inh is the intake of 
radionuclide j by inhalation during the time period t; ej,ing(50) is the committed effective dose 
per unit activity intake by ingestion of radionuclide  j,  integrated over 50 years;  Ij,ing is the 
intake  of  radionuclide  j  by  ingestion  during  time  period t.  Uptake  through  the  skin  and 
wounds can occur in some circumstances. 

The distributions of individual annual effective doses and annual collective effective doses 
resulting from occupational  radiation exposures in the various practices or due to  various 
types of source has been evaluated. UNSCEAR has evaluated the occupational exposure for 
each practice in each country using average values for all  workers over five-year periods, 
since 1975; except for the last period (2000-2002) that comprises just 3 years. The current 
analysis is related to the periods 1995-1999 and 2000-2002. However, the trends of exposure 
over the 27 years of evaluation are discussed in this paper.

The principal objectives of the analysis of occupational exposures for each major practice 
involving  the  use  of  ionizing  radiation  are:  1)  to  assess  annual  external  and  committed 
internal doses and cumulative doses to workers (both the average dose and the distribution of 
doses within the workforce); 2) to assess the annual collective doses to workers. This provides 
a measure of the contribution made by occupational exposures to the overall impact of that 
use and the impact per unit practice; 3) to analyse temporal trends in occupational exposures 
in  order  to  evaluate  the  effects  of  changes  in  regulatory  standards  or  requirements  (e.g. 
changes in dose limits and increased attention to ensuring doses are as low as reasonably 
achievable), new technological developments and modified work practices. 

3.Results

The procedures for the recording and inclusion of occupational exposures differ from practice 
to practice and country to country, and this may influence the respective statistics in different 
ways.  Some countries  may  overestimate  the  size  of  the  exposed  workforce,  and  thereby 
distort  assessment  of  the  individual  and  population  dose  distributions.  Moreover,  some 
countries report just the doses of workers in controlled areas and other countries report the 
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doses from both exposed and non-exposed workers. Some countries do not adequately track 
the doses to contract workers who may work and accumulate exposure in different industries, 
possibly even in different countries.

Until  the  1990s,  apart  from  the  practices  related  to  nuclear  fuel  cycle,  attention  on 
occupational exposure focussed on artificial sources of radiation. Now however it is realized 
that a very large number of workers are occupationally exposed to natural sources of radiation 
and the current estimate of the resulting collective dose is about 3 times higher compared to 
UNSCEAR 2000 Report  [10].  The estimate  total  number of  workers  exposed to  ionizing 
radiation is about 23 million, 13 million of them are exposed to natural sources of radiation 
and  10 million are  exposed to  man-made sources  of  radiation.  Medical  uses  of  radiation 
accounts with about 75% of the workers exposed to man-made sources of radiation.  

3.1.Worldwide level of occupational exposure to natural sources of radiation

Although most workers involved in practices that are subject to controls established by the 
national  regulatory  authorities  are  individually  monitored  on  a  routine  basis,  there  are  a 
significant  number  of  workers  exposed  to  ionizing  radiation  who  are  not  individually 
monitored.  The largest  numbers of  these workers  are  those exposed to natural  sources of 
ionizing  radiation.  Until  implementation  of  the  International  Basic  Safety  Standards  for 
Protection against Ionizing Radiation and for the Safety of Radiation Sources (‘International 
Basic Safety  Standards’)  [1]  there  were  just  scant  data  recorded  in national  databases on 
occupational  exposure  to  natural  sources  of  radiation.  Recently,  however,  exposures  to 
enhanced levels of natural radiation have become a focus of attention in the field of radiation 
protection. 

The worldwide level of occupational exposure to natural sources of radiation for the periods 
1995–1999 and 2000–2002, has changed compared to the estimates in the UNSCEAR 2000 
Report [10]. Mining accounts for the vast majority of occupationally exposed workers. Radon 
is the main source of radiation exposure in underground mines. The collective effective dose 
resulting  from  exposures  to  natural  sources  (in  excess  of  average  levels  of  natural 
background) is  estimated to  be about  37 260 manSv,  about  3 times higher than the  value 
estimated in the UNSCEAR 2000 Report [10]. The largest component of this, 30 360 manSv, 
comes from mining: 16 560 manSv due to coal mining and 13 800 manSv to other mining 
operations;  the  remaining  is  due  to  radon  exposure  in  workplaces  other  than  mines, 
6 000 manSv; and to aircrew from cosmic radiation,  900 man Sv. The number of workers 
involved in coal mining operations is estimated to be 6.9 million, their average effective dose 
is about 2.4 mSv. The number of workers involved in other mining operations (excluding 
uranium mining) is estimated to be 4.6 million, their average effective dose is about 3.0 mSv 
The estimated annual collective dose from radon exposure in workplaces other than mines is 
also  6,000 man Sv,  the  number  of  workers  is  about  1.25  million,  the  estimate  average 
effective dose is  4.8 mSv. The annual collective dose to airline flight crews is 900 man Sv, in 
agreement with previous estimates. The estimate average effective dose is 3.0 mSv (including 
short and long flights). The weighted average effective dose for all workers exposed to natural 
sources of radiation is about 2.9 mSv; the total number of workers is about 13 million.  No 
attempt  has  been made  to  deduce  any  trend  in  the  estimates  of  occupational  doses  from 
natural sources of radiation, as the supporting data are somewhat limited. Based on the data 
presented in the literature, the level of exposure may be falling, since the average effective 
dose fell  by a factor of  2 in the coal  mines in China.  The trends  in number of  workers, 
collective  effective doses and effective doses over 12 years  (1990-2002)  are presented in 
Figure 1.
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Based on the data presented in the literature, the level of exposure may be declining, since the 
average effective dose decreased by a factor of 2 for workers in the Chinese coal mines [11]. 
According to the literature the level of exposure has decrease in 9 European countries, while 
the average collective dose and average effective dose have decreased by a factor of almost 
two from 1996 to 2000 [12].

Figure 1: Trends of occupational exposure to natural sources of radiation (worldwide number 
of workers, collective effective dose and average effective dose).

3.2.Worldwide level of occupational exposure to man-made sources of radiation:

The worldwide  level  of  occupational  exposure  to  man made  sources  of  radiation  for  the 
period 1995–2002, has changed compared to the estimates in the UNSCEAR 2000 Report 
[10]. The total number of monitored workers is estimated to be about 10 million, the estimate 
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average effective dose is about 0.4 mSv and the collective effective dose is estimated to be 
about 4 730 man Sv. The trends in number of workers, collective effective doses and effective 
doses over the 27 years (1975-2002) in each practice are presented in Figure 2.

Nuclear Fuel Cycle: In general, the reporting of exposures arising in the commercial nuclear 
fuel cycle is more complete than that of exposures arising from other uses of radiation.  The 
number of monitored workers for the nuclear fuel cycle increased significantly in the first 
three periods from about 0.6 million in the first period to about 0.9 million; but it dropped to 
about 0.7 million for 1995–2002. The annual collective effective dose averaged over the five 
year periods for all operations in the nuclear fuel cycle varied little about the average value of 
2500 manSv between 1975 and 1989 despite a three- to four-fold increase in electrical energy 
generated by nuclear  means.  The latter  has continued to  increase,  but the average annual 
collective effective dose has fallen by a factor of about 2, to 1400 man Sv in 1990–1994 to 
800 manSv in the last period (1995–2002), as shown in Figure 3. The average effective doses 
are, in most cases, larger than for other occupations; for the fuel cycle overall, the average 
annual effective dose is about 1.0 mSv. However, it has been consistently reduced over the 
whole period from 1975 to  the 2002,  from 4.4 mSv to 1.0 mSv. Much of this  is due to 
reduction in the uranium mining component, due to decommissioning and also introduction to 
more advanced techniques in mining operations that  significantly reduces gamma radiation 
exposures  and  greatly  restricted exposure  to  radon progeny and uranium ore  dust;  but  in 
addition the occupational exposures at commercial nuclear power plants normalized to the 
energy produced have been steadily falling over the past three decades. In general the trend of 
occupational exposure in nuclear fuel cycle is a slight decreasing of number of workers since 
1980, decreasing of collective effective dose by a factor of 4 since 1980 and decreasing of the 
effective dose by a factor of 4 over the 27 years of evaluation.

Medical  Uses  of  Radiation:  The  number  of  monitored  workers  in  the  medical  uses  of 
radiation has increased by a factor of 2 over the first 20 years (1975-1994), from 1.3 to 2.3 
million. In the last two periods (1995-2002), it increased by a factor of 3, about 7.4 million. 
This estimate is based on UNSCEAR Survey for medical exposure.  The annual collective 
dose has been around 1000 manSv in the first 20 years (1975-1994). However it increased to 
about  3540  manSv  in  the  last  7  years.  The  average  annual  effective  dose  to  monitored 
workers in the medical uses has been consistently reduced over the whole period from 1975 to 
the 2002, from 0.8 mSv to 0.3 mSv over the first 20 years, but increased to 0.5 mSv in the last 
7 years (1995-2002).  It  has been identified a group of workers involved in interventional 
procedures (especially medical doctors), which effective doses reach high values. The doses 
for the extremities can reach the regulatory limits (500 mSv). The doses vary considerably 
according  to  the procedure,  health  condition of  the  patient  and time of fluoroscopy.  It  is 
important to point out that the interventional procedures have significantly increased in the 
last  years.  In  general  the  trend  of  occupational  exposure  is  medical  uses  of  radiation  an 
increasing of number of workers over the 27 years of evaluation. However, it increased by a 
factor  of  3  in  the  last  7  years.  The  main  reason  is  a  more  complete  evaluation  of  total 
workforce  in  the  medical  field;  it  is  now based  on  the  UNSCEAR medical  survey.  The 
collective  effective  dose  has  increased  by  a  factor  of  5  in  the  last  7  years.  The average 
effective dose has also increased in the last 7 periods.

Industrial  Uses  of  Radiation:  The number  of  monitored  workers  in  the  industrial  uses  of 
radiation has increased by a factor of 1.8 over the 27 years (1975-2002),  from 0.5 to 0.9 
million. The annual collective dose has decreased by a factor of 3 over the 27 years, from 870 
to 290 manSv. The average effective doses are very low compared to the ones from nuclear 
fuel cycle. The average annual effective dose to monitored workers in the medical uses has 
been consistently reduced over the whole period from 1975 to the 2002, from 1.6 mSv to 0.3 
mSv. In general the trend of occupational exposure in industrial uses of radiation is a slight 
increasing of number of workers over the 27 years of evaluation,  decreasing of collective 
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effective dose by a factor of 3 and decreasing of the effective dose by a factor of 5 over the 27 
years of evaluation.

Military activities: Radiation exposure of workers involved in military activities arises from 
the  production  and  testing  of  weapons,  the  operation  of  reactors  for  propulsion  of  naval 
vessels and other uses that are similar to civilian uses. There is a large uncertainty in this 
estimate. The worldwide average annual collective dose was about 50 to 150 man Sv and the 
average annual doses to the estimated 0.3–0.4 workers were about 0.1–0.2 mSv. In general 
the trend of occupational exposure in military activities is a relatively constant number of 
workers over the 27 years of evaluation, decreasing of collective effective dose and average 
effective dose by a factor of 10 over the 27 years of evaluation.

Figure  2:  Trends  of  occupational  exposure  to  man  made  sources  of  radiation 
(worldwide number of workers, collective effective dose and average effective dose).
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Figure 3: Trends of normalized collective effective dose (man Sv) per reactor.

0

1

2

3

4

5

6

7

8

9

10

1975-79 1980-84 1985-89 1990-94 1995-99 2000-02N
or

m
al

iz
ed

 c
ol

le
ct

iv
e 

ef
fe

ct
iv

e 
do

se
 p

er
 r

ea
ct

or
 (

m
an

S
v)

PWR

BWR

HWR

GCR

LWGR

ALL

4.Conclusions:

The figure of occupational exposure, for the periods 1995–1999 and 2000–2002, has changed 
compared to the previous UNSCEAR Report  [10].  The current  worldwide estimate of the 
number of workers exposed to ionizing radiation is about 23 million, which is about 2 times 
higher compared to the previous estimate [10]. The worldwide collective effective dose is 
estimate to be around 42 000 manSv; which is about 3 times higher compared to the previous 
estimate [10]. The weighted average effective dose is about 1.9 mSv. 

Natural sources of radiation are the main source of occupational exposure. It accounts with 
the larger number of workers exposed to ionizing radiation, 13 million, about 57% of the total 
workforce. Mining operations (excluding uranium mining) account with about 50% of the 
total workforce. The collective effective dose resulting from exposures to natural sources of 
radiation  (in  excess  of  average  levels  of  natural  background)  is  estimated  to  be  about 
37 260 manSv, about 3 times higher than the value estimated in the UNSCEAR 2000 Report 
[10].  The  largest  component  of  this,  30  360 manSv,  comes  from  mining.  The  average 
effective dose received by workers exposed to natural sources of radiation is 2.9 mSv. 

Man made sources of radiation account with about 10 million workers, which is about 43% of 
the total workforce. The current estimate is about 2 times higher compared to the previous 
UNSCEAR Report  [10].  The  main reason  is  due to  a  more  complete  evaluation  of  total 
workforce  in  the  medical  field;  it  is  now based  on  the  UNSCEAR medical  survey.  The 
medical field contributes with about 75% of the total workforce exposed to man made sources 
of radiation. The estimate collective effective dose for man made source of radiation is 4700 
manSv. Medical uses of radiation contributes with about 75% of the total collective effective 
dose, 3 540 manSv. Nuclear fuel cycle contributes with about 17% of the collective dose, 800 
manSv; industrial uses, military activities and all other categories of worker contribute with 
about  8%  of  the  collective  dose  for  man-made  sources  of  radiation,  400  manSv.  The 
collective effective dose in nuclear fuel cycle has decreased by a factor of 3 over the last three 
decades despite the significant increasing of electrical energy generated by nuclear means. 

Except for medical uses, the levels of occupational exposure have decreased in the practices 
related to man made sources of radiation: the average effective doses are decreasing over time 
for  all  practices;  the  collective  effective  doses  have fallen  for  most  of  the  practices.  For 
medical uses which is now estimated based on more realistic data of number of monitored 
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workers; there is an increasing of number of workers, collective effective dose and average 
effective dose. It has been identified a group of workers involved in interventional procedures 
(especially  medical  doctors),  which  effective  doses  reach  high  values.  The  doses  for  the 
extremities can reach the regulatory limits (500 mSv). The doses vary considerably according 
to the procedure, health condition of the patient and time of fluoroscopy. It is important to 
point out that the interventional procedures have significantly increased in the last years.

The estimated collective dose due to natural sources of radiation is about eight times higher 
compared to the workers exposed to man-made sources of radiation; this is due to the high 
average effective doses and large number of workers. However, this estimate is associated 
with much greater uncertainty than that due to man-made sources of radiation. 
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