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ContentContent

Optimisation by ICRPOptimisation by ICRP

How to evaluate optimisation?How to evaluate optimisation?

European trends in occupational exposureEuropean trends in occupational exposure

Questions, difficulties and problemsQuestions, difficulties and problems
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Optimisation by ICRPOptimisation by ICRP

•• belowbelow the the appropriateappropriate dose dose constraintsconstraints

•• AAs s LLowow AAs s RReasonablyeasonably AAchievablechievable

•• economiceconomic and and socialsocial factorsfactors takentaken intointo

accountaccount
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Finding dose constraintsFinding dose constraints

§§210 and 211 from the new proposal of ICRP210 and 211 from the new proposal of ICRP: : 

•• Appropriate dose constraint byAppropriate dose constraint by

•• …… generic optimizationgeneric optimization

•• …… national or regional attributes and preferencesnational or regional attributes and preferences

•• …… international guidance and good practiceinternational guidance and good practice

•• For planned situations: For planned situations: ““level of individual doses level of individual doses ……

in wellin well--managed operationsmanaged operations””
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Optimisation by ICRPOptimisation by ICRP

Targets of optimisation Targets of optimisation 

•• individualindividual dosesdoses

•• likelihoodlikelihood of exposureof exposure

•• numbernumber of of peoplepeople exposedexposed
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Measuring optimizationMeasuring optimization
focussingfocussing the the individuumindividuum

TargetTarget parametersparameters

•• individualindividual dosesdoses �������� HHii

•• likelihoodlikelihood of exposure  of exposure  �� PPii(H>0) ~ (H>0) ~ NNexposedexposed / / NNmonitoredmonitored

•• numbernumber of of peoplepeople exposedexposed �� N(H>0)N(H>0)

notnot sufficientsufficient to to evaluateevaluate optimisation optimisation measuresmeasures
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Statistical parametersStatistical parameters

•• measures of location and dispersion measures of location and dispersion 

appropriate to the questionappropriate to the question

mean, mode, median, collective dose,mean, mode, median, collective dose,

range, percentiles,range, percentiles,

n of exposed, n of exceeded dose limits, n of exposed, n of exceeded dose limits, 

•• combined change analysiscombined change analysis

shift or change of  dose distributionsshift or change of  dose distributions

analysis of gradients ( e.g. analysis of gradients ( e.g. ��CD / CD / ��tt vs. vs. ��N(H>0)N(H>0) / / ��tt ))
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Statistical evidence of Statistical evidence of optimisationoptimisation

Criteria on national and international level:Criteria on national and international level:

•• lower average doselower average dose

•• less collective doseless collective dose

•• less cases with high exposuresless cases with high exposures

•• change of dose distributionchange of dose distribution

•• ......
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ESOREXESOREX

•• EuropeanEuropean StudStudiesies on on OccupationalOccupational RadiationRadiation ExposureExposure

•• by order of the European Commissionby order of the European Commission

•• executed by German BfS in coexecuted by German BfS in co--operationoperation with Czech SUJBwith Czech SUJB

andand vicevice versaversa

•• 30 European countries involved30 European countries involved

•• Part I Part I –– country  reportscountry  reports

•• Part II Part II –– dose distribution dose distribution datdataa

•• www.www.esorexesorex..czcz



103rd ESOREX Workshop Prague, 2/3 Dec. 2004

Countries Countries participatingparticipating in ESOREXin ESOREX
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Radiation workers in EuropeRadiation workers in Europe
Workforce officially monitored for radiation exposure in 2000Workforce officially monitored for radiation exposure in 2000
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Radiation Radiation workersworkers by by workwork sectorssectors in Europein Europe
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Monitored radiation workers in Europe in 2000: ca. 1 Mio.
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AnalysedAnalysed work sectorswork sectors
(included: countries with sufficiently detailed dose distributio(included: countries with sufficiently detailed dose distributions for 1996, ns for 1996, 

1998, 2000)1998, 2000)
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AverageAverage dosesdoses in Europein Europe
((individualindividual dosesdoses of of measurablymeasurably exposedexposed workersworkers))
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Average personal dose in Europe in 2000: ca. 1,3 mSv
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Collective Collective dosesdoses in Europein Europe
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Exposures Exposures aboveabove 20 mSv/a in Europe20 mSv/a in Europe
N of N of casescases per 10.000 monitored radiation per 10.000 monitored radiation workersworkers
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Average in Europe in 2000: ca. 7 cases per 10.000 monitored workers
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Dose Dose distributionsdistributions in in nuclearnuclear sectorsector 1996 1996 -- 20002000
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Dose Dose distributionsdistributions in in medicalmedical sectorsector 1996 1996 -- 2000 2000 
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Dose Dose distributionsdistributions in in generalgeneral industryindustry 1996 1996 -- 20002000

59
,5

%

24
,8

%

6,
6%

0,
13

%

0,
15

%

0,
9%

58
,5

%

61
,1

%

23
,0

%

7,
2%8,

0%

23
,7

%

5,
3%5,

7%5,
9%

2,
2%2,

7%

2,
5%

0,
16

%

1,
0%0,
9%

0,01%

0,10%

1,00%

10,00%

100,00%

19
96

19
98

20
00

19
96

19
98

20
00

19
96

19
98

20
00

19
96

19
98

20
00

19
96

19
98

20
00

19
96

19
98

20
00

19
96

19
98

20
00

M
o

n
it

o
re

d
 W

o
rk

e
rs

 [
%

]

< 0.1 ( 0.1 - 1.0 ] ( 1.0 - 2.0 ] ( 2 - 5 ] ( 5 - 10 ] > 20

Personal Dose [mSv]

General Industry

( 10 - 20 ]

Countries: AT, BG, CH, CY, CZ, 

DE, DK, EE, ES, FI, GR, HU, IE, 

IS, LI, LU, LV, MT, NL, NO, RO, 

SE, SI, SK, UK



203rd ESOREX Workshop Prague, 2/3 Dec. 2004

Dose Dose distributionsdistributions in in researchresearch & & educationeducation 1996 1996 -- 20002000
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Dose Dose distributionsdistributions in in sectorsector natural natural sourcessources 1996 1996 -- 20002000
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ShapeShape of dose of dose distributionsdistributions in in workwork sectorssectors
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Trends and changes 1996 Trends and changes 1996 -- 20002000
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When to optimize?When to optimize?

•• What is What is „„Good practiceGood practice““ or or „„State of the artState of the art““??

•• What level is What level is „„normalnormal““??

•• What level have What level have „„the othersthe others““??

•• What level have we now and what beforeWhat level have we now and what before

(e. g. 10 years ago)?(e. g. 10 years ago)?

LevelLevel::
any appropriate statistic parameter (e.g. manany appropriate statistic parameter (e.g. man--Sv per reactor unit and year) Sv per reactor unit and year) 
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What is difficult to judgeWhat is difficult to judge

•• Has the Has the ““reasonably achievablereasonably achievable”” level level 

been reached?been reached?

•• Have Have ““economical and social factorseconomical and social factors””

been taken into account?been taken into account?
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DecisionDecision--aiding techniquesaiding techniques

•• Linear optimisationLinear optimisation

•• CostCost--benefit analysisbenefit analysis

•• Monetary value of the manMonetary value of the man--SievertSievert

•• CostCost--effectiveness analysiseffectiveness analysis

•• MultiMulti--attribute utility analysisattribute utility analysis
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Cultural climate ofCultural climate of

comparison and competitioncomparison and competition

ICRPICRP

Optimisation processOptimisation process

StakeholderStakeholder

involvementinvolvement

ALARAALARA

PracticesPractices

EU NetworksEU Networks
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Areas of Areas of „„suboptimalsuboptimal”” solutionssolutions

A view from the European perspectiveA view from the European perspective::

•• dose limit dose limit exceedingsexceedings of of transnationallytransnationally active outsideactive outside--

workers (multiple radiation passbooks) workers (multiple radiation passbooks) 

•• inhomogeneous characterization of workersinhomogeneous characterization of workers

•• dosemeter evaluation: with/without background subtractiondosemeter evaluation: with/without background subtraction

•• dosemeter position: above / below the lead aprondosemeter position: above / below the lead apron
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http://http://www.esorex.czwww.esorex.cz


