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Overview of occupational radiation protection in the past  

and  

looking forward to the future challenges 
[Caution: I will use many cartoons,…they represent real life situations…with a smile!] 
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Enhancing the Protection of Workers 

 Gaps, Challenges and Developments 

 IAEA Headquarters, Vienna, Austria, 1-5 December 2014 



S 

C 

I 

E 

N 

C 

E 

M 

O 

D 

E 

L 

S 

T 

A 

N 

D 

A 

R 

D 

S 

 

P 
E 
R 
F 
O 
R 
M 
A 
N 
C 
E 
 

International  

Occupational Radiation Protection 



U 

N 

S 

C 

E 

A 

R 

 I 

C 

R 

P 

+ 

 I 

C 

R 

U 

 I 

A 

E 

A 

+ 

I 

L 

O 

 

 I 

R 

P 

A 

 

International  

Occupational Radiation Protection 



Content 

1. The Past: 

 From a  Successful History 
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The Past 

From a  Successful History 



8 November 1895, Wilhelm Röntgen 
discovers “A New Kind of Rays” 

(Über eine neue Art von Strahlen)  



February 24, 1896: Henri Becquerel 

discovers of spontaneous radioactivity  



March 21, 1896 – Pioneer in record time:  

The first Siemens x-ray tube with regulated vacuum patented 

 



























All these uses should certainly 

have generated a lot of harm 

Occupational protection did not 

exist at that time! 



But, concern for protection 

was raised by the new 

profession: radiologists! 
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Thus, in 1928, they established  the  

International X-ray and Radium Protection Committee  

Motive?: Occupational radiation protection (of radiologists) 



The main intention was protecting medical staff practicing with the sole radiations 

being employed at that early time, namely X-rays and radium emissions.  





First International Recommendations 

on Occupational Radiation Protection 

 The dangers of over-exposure to X-rays and radium can be 

avoided by the provision of adequate protection and 

suitable working conditions.  

 It is the duty of those in charge of X-ray and radium 

departments to ensure such conditions for their personnel.  

 The known effects to be guarded against are: 

(a) Injuries to the superficial tissues; 

(b) Derangements of internal organs and changes in the blood. 



The recommendations also reflected 

the wide ignorance at the time 

 ‘X-ray dep. should not be situated below ground-floor level! 

 ‘All rooms should be provided with:  

 windows affording good natural lighting and ready facilities for 

admitting sunshine and fresh air whenever possible! 

 adequate exhaust ventilation capable of renewing the air of the 

room not less than 10 times an hour!  

 air inlets and outlets arranged to afford cross-wise ventilation’! 

 ‘All rooms should preferably be decorated in light colours’! 



ICRP 



First recommendations of the current ICRP series  

ICRP Publication 1 (1959) 

 

ICRP defines Occupational exposure, 

as follows: 

 

(37) Exposure of an individual who 

normally works in a controlled area 

constitutes occupational exposure. 

. 

(71) A controlled area shall be established 

where persons occupationally exposed could 

receive doses in excess of 1.5 rems/year. 



First recommendations of the current ICRP series  

ICRP Publication 1 (1959) 

 

(47) The maximum permissible total dose 

accumulated in the gonads, the blood-

forming organs and lenses of the eyes at 

any age over 18 years shall be governed 

by the relation 

D = 5(N-- 18) 

where D is tissue dose in rems and N is 

age in years. 

 



ICRP Publication 9 (1965)  

‘Occupational Exposure’ 

 

(41)… occupational exposure 

should now be considered to refer 

to the radiation exposure received 

by any worker in the course of his 

work. 



ICRP Publication 9 (1965)  

‘Maximum permissible doses’ 

(70) The Maximum Permissible Doses that have been established for occupational exposure 

are regarded as upper limits, and the doses may have to be individually monitored and 

controlled to ensure that the Maximum Permissible Doses are not exceeded. 



ICRP Publication 9 (1965)  

‘First link between workers and public limits’  

(72) The annual Dose Limits for members of 

the public shall be one-tenth of the 

corresponding annual occupational 

Maximum Permissible Doses 





ICRP Publication 9 (1965)  

 

 

Protection of women 
 

•Women of reproductive capacity should be 

occupationally employed only under conditions 

where the dose to the abdomen is limited to 1.3 

rems in a quarter, corresponding to 5 rems per 

year delivered at an even rate.  

 

•Under these conditions, the dose to an embryo 

during the critical first two months of 

organogenesis would normally be less than 1 

rem, a dose which the Commission considers 

to be acceptable. 



ICRP Publication 9 (1965)  

 

Protection of pregnant women 

 

When a pregnancy has been diagnosed, 

arrangements should be made to ensure that 

the exposure of the woman be such that the 

dose to her foetus, accumulated during the 

remaining period of the pregnancy, does not 

exceed 1 rem. 

 

Practical experience indicates that the dose to 

the foetus during this period is usually 

substantially less than 1 rem. 



Protection against Ionizing 

Radiation from External Sources 

ICRP Publication 15 
 

 

1968  

ICRP Publication 10 

  

Evaluation of Radiation Doses to Body 

Tissues from Internal Contamination due 

to Occupational Exposure 



1977  

 

ICRP Publication 24  

 

Radiation Protection in Uranium and 

Other Mines 

 

 



 

 1977  

 

ICRP Publication 27  

 

Problems Involved in Developing an 

Index of Harm 

 



Risk = 0.4 10-4/y  -  1.5 10-4/y 

Index of Harm 



Publication 26 (ICRP, 1977)  

(60) For the purposes of radiation 

protection involving individuals, the 

Commission concludes that the 

mortality risk factor for radiation-

induced cancers is about 10-2 Sv-1, as an 

average for both sexes and all ages. 

 



Publication 26 (ICRP, 1977)  

(96) The Commission believes that for the 

foreseeable future a valid method for judging 

the acceptability of the level of risk in 

radiation work is by comparing this risk with 

that for other occupations recognized as 

having high standards of safety, which are 

generally considered to be those in which the 

average annual mortality due to occupational 

hazards does not exceed 10-4 

 



Publication 26 (ICRP, 1977)  

(100) ..In the case of uniform exposure of 

the whole body, in circumstances where 

the Commission’s recommendations, 

including the annual dose-equivalent 

limit of 50 mSv, have been applied, the 

distribution of the annual dose 

equivalents in large occupational groups 

has been shown very commonly to fit a 

lognormal function, with an arithmetic 

mean of about 5 mSv, and with very few 

values approaching the limit. 



Publication 26 (ICRP, 1977)  

(100) .. The application of the risk factors 

given  

(10-2 Sv-1)  

to the mean dose  

(5 mSv/year)  

indicates that the average risk in these 

radiation occupations  

(0.5 10-4/year)  

is comparable with the average risk in 

other safe Industries  

(10 -4 /year) 

. 



Publication 26 (ICRP, 1977)  

(117) …..the level of acceptability for fatal 

risks to the general public is an order of 

magnitude lower than for occupational risks.  



Statement from the 1987 Como Meeting of the ICRP.  
Annals of the ICRP 17(4), i-v (1987). 



ICRP Publication 60 (1991) 

The new recommendations were 

very detailed and still today are 

widely used in many radiation 

protection regulations, they 

addressed comprehensively the 

control of occupational exposure. 

 

 occupational exposure is the 

exposure incurred at work, and 

principally as a result of work 







ICRP Publication 75  
General Principles for the Radiation Protection of Workers 

Ann. ICRP 27 (1), 1997  

Occupational exposure  

The exposure incurred at 

work principally as a result 

of work 





Annual occupational collective dose at NPPs 
(normalized to unit electrical energy produced) 
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IAEA 



 IAEA Statutory Functions 

Under Article III.A.6 of its Statute, the IAEA is 

authorized: “To establish… in collaboration with 

the competent organs of the United Nations and 

with the specialized agencies concerned, 

standards of safety for protection of health.. 

including such standards for labour 

conditions, and to provide for the application of 

these standards….at the request of a State, to any 

of that State's activities in the field of atomic 

energy.” 



International Safety Standards 
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Long experience 

1962: first 

international 

standards. 



IAEA Basic Safety Standards 

1962 

1967 

1982 

1996 

2011 



64 

Safety Standards Hierarchy 

Safety Guides 

Safety Requirements 

Safety Fundamentals 



http://www-pub.iaea.org/MTCD/publications/PDF/Pub1273c_web.pdf 
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 A large corpus of 

International  

Safety Standards 

is available 





ILO 



International Labour Organization 



ILO Radiation Protection Convention No. 115 (1960) 

Date of entry into force: 17.6.1962  

Ratifications: 
 Argentina 15.6.1978  

 Azerbaijan 19.5.1992  

 Barbados 8.5.1967  

 Belarus 26.2.1968  

 Belgium2.7.1965  

 Beliz 15.12.1983  

 Brazil 5.9.1966  

 Chile 14.10.1994  

 Czech Rep. 1.1.1993  

 Denmark 7.2.1974  

 Djibouti 3.8.1978  

 Ecuador 9.3.1970  

 Egypt 18.3.1964  

 Finland 16.10.1978  

 France 18.11.1971 

 Germany 26.9.1973 

 Ghana 7.11.1961  

 Greece 4.6.1982  

 Guinea 12.12.1966 

 Guyana 8.6.1966  

 Hungary 8.6.1968  

 India 17.11.1975  

 Iraq 26.10.1962  

 Italy 5.5.1971  

 Japan 31.7.1973  

 Kyrgyzstan 31.3.1992  

 Latvia 8.3.1993  

 Lebanon 6.12.1977  

 Luxembourg 8.4.2008  

 Mexico 19.10.1983  

 Netherlands 29.11.1966  

 Nicaragua 1.10.1981  

 Norway 17.6.1961 

 Paraguay 10.7.1967  

 Poland 23.12.1964  

 Portugal 17.3.1994  

 Russian Fed. 22.9.1967  

 Slovakia 1.1.1993  

 Spain 17.7.1962  

 Sri Lanka 18.6.1986  

 Sweden 12.4.1961  

 Switzerland 29.5.1963  

 Syrian A. R. 15.1.1964  

 Tajikistan 26.11.1993  

 Turkey 15.11.1968  

 Ukraine 19.6.1968  

 U.K.  9.3.1962  

 Uruguay 22.9.1992  



2. The Present 



New Recommendations 



                               

  





New Standards 
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The Future 









First challenge: 

 

 What occupational exposure is? 



BSS 105 

 All exposures of workers 
incurred in the course of 
their work, with the 
exception of exposures 
excluded from the 
Standards and exposures 
from practices or sources 
exempted by the 
Standards. 

ICRP 103 

 All exposure incurred by 
workers in the course of 
their work, with the 
exception of: 
 excluded exposures and 

exposures from exempt 
activities involving radiation 
or exempt sources;  

 any medical exposure; and  

 the normal local natural 
background radiation. 

IAEA Glossary 

 All exposure of workers 
incurred in the course of 
their work, with the 
exception of excluded 
exposures and exposures 
from exempt practices or 
exempt sources. 

 

New BSS 

 Exposure of workers 
incurred in the course of 
their work. 

 

New EC Directives 

  Exposure of workers, 
apprentices and students, 
incurred in the course of 
their work. 



Scientific issues 



Some scientific issues 

 Probability-dose relationship for tissue reactions. 

 Inferring risks  Attributing effects! 



Quantification issues 



Quantities 

Physical 

Protection 

Operational 

Recording 



Challenges 

 Protection, operational and recording quantities vary. Traceability? 

 Correct use of collective dose: collective dose per unit ‘goodness’. 

 (How to measure ‘goodness’ in work?) 

 Protection quantities defined for low doses: Applicability to accidents? 

 Can the effective dose be used for single organ exposure?  



Issues on the radiation protection principles 

in 

occupational emergency exposure 



Occupational 

Benefit? 
Radiation 

detriment 

Justification 



Justification in emergency exposures 

The ethical dilemma: 

 Teleology? 

 ‘Mind the ends, which justify the means’  

or 

 Deontology?  

 ‘Not do unto others what they should not do unto you’  



Optimization of protection 



You just 

wait: 

protectio

n is being 

optimized

. 



Restriction of Individual Doses 



The logic of dose limits 

Yes, we had a dose limit; but now,  

because there was an accident, we do not have a 

limit any more:  we have a reference level, which is 

ten times higher! 



Are the numerical ‘dose limits’ logical? 

The ‘logical’ process: 

1. The risk of ‘safe’ industries 0.4 10-4/y-1.5 10-4/y  

2. The radiation risk factor → 1%/Sv 

3. Result:  

 Occupational limit = 50 mSv/y 

 Public limit (one order of magnitude lower) = 5mSv/y 

4. Hiroshima reevaluation → risk = 5%/Sv 

5. New limits: 

 Public = 1mSv/y 

 Occupational = 20mSv/y ??? 



Protection of volunteers 

(comforters and careers?) 



Neither workers nor public 

 Regulating exposure of 

volunteers? 

 Similarities with 

comforters and careers? 



Practical issues: 

 interventional radiology 







Practical issues: 

 radon 



Non-smokers Smokers 

NOMINAL 

RISK 



Education and training 



ILO Radiation Protection 

Convention, 1960 (No. 115) 

 Article 9 - 2.  

 All workers directly engaged in radiation work 

shall be adequately instructed, before and during 

such employment, in the precautions to be taken 

for their protection, as regards their health and 

safety, and the reasons therefor.  



Workers versus developments 

All those in favour of 

accepting more robots? 



I do not like to be 

regulated! 

Employers versus regulations 



Engaging workers and employers? 

International 

Conference 

on 

Occupational 

Radiation 

Protection?... 

…in Vienna? 



Some legal issues 

 A (dose) limit that may be violated? 

 From attributability to imputability. 

 Who is responsible?  

Government (multiple regulators) 

 Licensee or registrant or ‘undertaker’ 

 Employer 



Mismatch 

ILO Responsibility Employer 

IAEA Licensee 

Employer  Licensee 

Responsibility 



Institutional arrangements 





Epilogue 

 The IAEA and ILO, in co-operation with workers, 

employers and with relevant organizations, should: 

(1) Convert the Vienna Statement into a renewed Action 

Plan, which should reproduce the success of the 

Geneva Action Plan. 

(2) Start the process of drafting a renewed Convention 105 
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