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CONSIDERATIONS ON BACKGROUND 

SUBTRACTION IN MODELLING: 

NORM 
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Fractal behaviour of the natural background 
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“ALL MODELS ARE WRONG BUT SOME ARE USEFUL” 

Box, GEP. 

Science and statistics J. Am. Stat. Assoc. 71(356). 791-799 (1976) 

 

EMRAS: I’VE GOT A PROBLEM 
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EMRAS: I’VE GOT A PROBLEM 

A couple of measurements and a discussion made me 

reflect: 

 

Should the background in modelled values be 

considered? 

 

….or should it not? 

 

I have more questions than answers (Désolé) 
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EMRAS: I’VE GOT A PROBLEM 

an example: gravity 

Basic idea: Is background important in my model? 
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EMRAS: I’VE GOT A PROBLEM 

(an example: gravity) 

F = m g 

My model 
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EMRAS: I’VE GOT A PROBLEM 

(an example: gravity) 

F = m g 

My 

parameters: 

 

Mass = 

Density x 

Volume 
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EMRAS: I’VE GOT A PROBLEM 

(an example: gravity) 

F = m g 

WATER 
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EMRAS: I’VE GOT A PROBLEM 

(an example: gravity) 

F = m g 

WATER 

E = mw g 

My 

parameters: 

 

Density, 

Volume 

 

And… 

density of 

the 

background 
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NORM 

Effective dose 

 
R

R,TR
T

T DwwE

R,TD

Rw

Tw

Averaged absorbed dose in the tissue T due to the 

radiation R 

Radiation weighting factor 

Tissue weighting factor 

ICRP [103] 
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NORM 

 
j

inh,jinh,j
j

ing,jing,jpT I)g(eI)g(e)d(HE

Total effective dose IAEA [OLD BSS] 

MAIN LIMITING 

MAGNITUDE 

1 mSv / y  public 

20 mSv / y  workers 
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NORM 



EMRAS II – 4-7 oct 2011 Juan C. Mora 

EMRAS: I’VE GOT A PROBLEM 

1st NORM problem: 

Situation WITH NORM contamination 



EMRAS II – 4-7 oct 2011 Juan C. Mora 

EMRAS: I’VE GOT A PROBLEM 

1st NORM problem: 

Situation WITHOUT NORM contamination 

All the exposure pathways remain 

What is the result if we retire the NORM? 
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EMRAS: I’VE GOT A PROBLEM 

Usually raw data are used for modelling and then the 

results are compared with a dose limit/constraint that is 

defined as an increase of the background 

1st NORM problem: 

Is this process consistent??? 
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EMRAS: I’VE GOT A PROBLEM 

2nd NORM problem: 

Indoor Radon 

Discussion with a colleague (a customer in fact): 

1. My position: radon must be included in the dose 

asessments of NORM 

2. His position: It must be considered apart… 
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EMRAS: I’VE GOT A PROBLEM 

2nd NORM problem: 

Indoor Radon 

New IAEA BSS:  

3.4. Exposure due to natural sources is in general considered an existing exposure situation and is subject to 

the requirements stated in Section 5. However, the relevant requirements in Section 3 for planned exposure 

situations apply to: 

a)Exposure due to material in any practice specified in para. 3.1 where the activity concentration in the material 

of any radionuclide in the uranium or thorium decay chains is greater than 1 Bq/g or the activity concentration 

of 40K is greater than 10 Bq/g; 

b)Public exposure delivered by discharges or in the management of radioactive waste arising from a practice 

involving material as specified in para. 3.4(a); 

c) Exposure due to 222Rn and its progeny and 220Rn and its progeny in workplaces in which 

occupational exposure due to other radionuclides in the uranium or thorium decay chains is controlled 

as a planned exposure situation; 

d) Exposure due to 222Rn and 222Rn progeny where the annual average activity concentration of 

222Rn in air in the workplace remains above the reference level established in accordance with para. 

5.27 after the fulfilment of the requirement stated in para. 5.28. 

 

Requirement 50: Public exposure due to radon indoors  

 annual average activity concentration due to 222Rn of 300 Bq m-3 dwellings 

 reference level not exceeding an annual average activity concentration of 222Rn of1000 Bq m-3 in 

workplaces  
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EMRAS: I’VE GOT A PROBLEM 

2nd NORM problem: 

Indoor Radon 

5. EXISTING EXPOSURE SITUATIONS  

5.1. The requirements for existing exposure situations in Section 5 apply to:  

 

(c) Exposure due to natural sources, including:  

(i) 222Rn, 220Rn and their progeny, in workplaces other than those for which 

exposure due to other radionuclides in the uranium or thorium decay chains is 

controlled as a planned exposure situation, in dwellings and in other buildings with 

high occupancy factors for members of the public;  

(ii) Radionuclides of natural origin, regardless of activity concentration, in 

commodities, including food, feed, drinking water, agricultural fertilizer and soil 

amendments, and construction material, and existing residues in the environment;  

(iii) Materials, other than those stated in para. 5.1(c)(ii), in which the activity 

concentration of no radionuclide in either the uranium or thorium decay chains 

exceeds 1 Bq/g or the activity concentration of 40K does not exceed 10 Bq/g;  

(iv) Exposure of aircrew and space crew to cosmic radiation.  
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EMRAS: I’VE GOT A PROBLEM 

2nd NORM problem: 

Indoor Radon 

Radon concentration indoors is considered as an absolute 

value: background+any other contribution. 

The “action levels” or “reference levels” were derived in an 

effective dose basis: 

6-10 mSv y-1 

…that is in the order of magnitude of the background 

ICRP 103: 200 Bq m-3  // 1000 Bq m-3 

while 

 ICRP 65: 600 Bq m-3 // 1500 Bq m-3 
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EMRAS: I’VE GOT A PROBLEM 

2nd NORM problem: 

Indoor Radon 
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EMRAS: I’VE GOT A PROBLEM 

2nd NORM problem: 

Indoor Radon 

Gela case: Indoor dose 
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EMRAS: I’VE GOT A PROBLEM 

2nd NORM problem: 

Indoor Radon 

Gela case: Indoor radon concentration 
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EMRAS: I’VE GOT A PROBLEM 

3rd NORM problem: 

Adjustment of parameters 

We all adjust the parameters in the models using real 

measured data in order to reproduce them…without 

considering the influence of background 

After that, we will treat the results as an increase of the 

effective dose over the natural background 

It seems to me that something is wrong… 
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EMRAS: I’VE GOT A PROBLEM 

Are those the only examples??? 
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Which pathways may present this problem?: 

•External exposure due to deposits (shielding to nat. back.) 

•Radon (consider it apart?) 

•Foodstuff concentration (due to transfer from soil)? 

•Transport of resuspended material? 

•… 

NORM 
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Obviously, the difference is small if background is 

negligible, but  

… is this always the case? 

NORM 

Of course, it is the case with artificial radionuclides 
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NORM 

Radon can easily migrate in soil and 

specialy in fractures 

Radon in spanish dwellings 
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NORM 

NATURAL IONIZING RADIATION EXPOSURE OF THE SPANISH POPULATION 

M. Garcı´a-Talavera et. al. Radiation Protection Dosimetry (2007), Vol. 124, No. 4, pp. 353–359 

Radon exposure in Spain 
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Radon variations indoor 

NORM 

TEMPORAL VARIATION OF RADON LEVELS IN HOUSES AND IMPLICATIONS FOR RADON MEASUREMENT STRATEGIES 

J. C. H. Miles Radiation Protection Dosimetry Vol. 93, No. 4, pp. 369–375 (2001) 
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NORM 

TEMPORAL VARIATION OF RADON LEVELS IN HOUSES AND IMPLICATIONS FOR RADON MEASUREMENT STRATEGIES 

J. C. H. Miles Radiation Protection Dosimetry Vol. 93, No. 4, pp. 369–375 (2001) 

Radon variations indoor: living room 
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NORM 

TEMPORAL VARIATION OF RADON LEVELS IN HOUSES AND IMPLICATIONS FOR RADON MEASUREMENT STRATEGIES 

J. C. H. Miles Radiation Protection Dosimetry Vol. 93, No. 4, pp. 369–375 (2001) 

Radon variations indoor: classroom 
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NORM 

NATURAL IONIZING RADIATION EXPOSURE OF THE SPANISH POPULATION 

M. Garcı´a-Talavera et. al. Radiation Protection Dosimetry (2007), Vol. 124, No. 4, pp. 353–359 

Natural “external” background 
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NORM 

NATURAL IONIZING RADIATION EXPOSURE OF THE SPANISH POPULATION 

M. Garcı´a-Talavera et. al. Radiation Protection Dosimetry (2007), Vol. 124, No. 4, pp. 353–359 

Effective dose due to natural background in Spain: 
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NORM 

NATURAL IONIZING RADIATION EXPOSURE OF THE SPANISH POPULATION 

M. Garcı´a-Talavera et. al. Radiation Protection Dosimetry (2007), Vol. 124, No. 4, pp. 353–359 

Effective dose due to natural background in Spain: 
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NORM 

UNSCEAR 2000 

Effective dose due to natural background worldwide: 
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NORM 

Natural radioactivity in foodstuff: 

Concentrations of naturally occurring radionuclides in 

foods vary widely because of the differing 

background levels, climate, and agricultural 

conditions that prevail. 

 

UNSCEAR 2000 
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NORM 

Natural radioactivity in foodstuff: 

UNSCEAR 2000 
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NORM 

Natural radioactivity in foodstuff: 

UNSCEAR 2000 
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NORM 

Natural radioactivity in foodstuff: 



EMRAS II – 4-7 oct 2011 Juan C. Mora 

NORM 

Natural radioactivity in soil: 

Median worldwide values: 

K40 = 400, U238 = 35, and Th232 = 30 Bq kg-1 

 

Population weighted values: 

K40 = 420, U238 = 33, and Th232 = 45 Bq kg-1 

UNSCEAR 2000 
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NORM 

Natural radioactivity in soil: 

UNSCEAR 2000 
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NORM 

Natural radioactivity in soil: 

UNSCEAR 2000 
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NORM 

Natural radioactivity in soil: 

UNSCEAR 2000 
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NORM 

Natural radioactivity in soil: 

UNSCEAR 2000 
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NORM 

Possible solutions: 

1.- Obtain and Substract the background 

measurements…even better if data and background are 

distributions 

2.- Model the situation without considering the background, 

after model the situation without considering the 

contaminated material and finally substract both results.  
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Thank you for your attention 


