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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)
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A couple of measurements and a discussion made me
reflect:

Should the background in modelled values be
considered?

....or should it not?

| have more questions than answers (Désole)
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Basic idea: Is background important in my model?

an example: gravity
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(an example: gravity)

My model

T
[
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EMRAS: I'VE GOT A PROBLEM

(an example: gravity)

mdg

My

parameters:

Mass =
Density x
Volume

Juan C. Mora
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(an example: gravity)

WATER

T
[

mdg
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E "K commo s CChemmalk EMRAS: I'VE GOT A PROBLEM

(an example: gravity)

/\

L A\

WATER
E=mwgd

My
parameters:

Density,
Volume

And...
density of

\/ the

background
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E=)ws2WRr -Dtgr
T R

ICRP [103] Effective dose

Averaged absorbed dose in the tissue T due to the

DT,R radiation R

W R Radiation weighting factor

W T Tissue weighting factor
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Total effective dose IAEA [OLD BSS]

. €(9)jing *ljingy 2. €(9)jinn - ljinh

MAIN LIMITING 1 mSv/y - public
MAGNITUDE 20 mSv / y > workers
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Airborre efflusnt
discharge

NORM

Desposition

Onginal cloud of

Direct imadiaticn contaminated air

-

Qﬁ
Liquid effluent
discharge

e (1)

A

"l
| |

Res ,
Uspension External

irradiation

Deposition

=| Water.b;c;ies t

ZEF XTI IFIIIY.
EEXFIFIFEFEIY.

Water
purfization
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1st NORM problem:
Situation WITH NORM contamination
%

)
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1st NORM problem:
Situation WITHOUT NORM contamination

What is the result if we retire the NORM?

All the exposure pathways remain

EMRAS Il — 4-7 oct 2011 Juan C. Mora
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1st NORM 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

Is this process consistent???

EMRAS Il — 4-7 oct 2011 Juan C. Mora
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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 apatrt...

EMRAS Il — 4-7 oct 2011 Juan C. Mora
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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 Bg/g or the activity concentration
of 40K is greater than 10 Bqg/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 0f1000 Bg m-3 in
workplaces

EMRAS Il — 4-7 oct 2011 Juan C. Mora
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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:

(1) 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;

(i) 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;
(i) 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 Bqg/g or the activity concentration of 40K does not exceed 10 Bqg/g;

(iv) Exposure of aircrew and space crew to cosmic radiation.

EMRAS Il — 4-7 oct 2011 Juan C. Mora
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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 Bg m-3 // 1000.Bg m-3
while

ICRP 65: 600 Bg m-3 // 1500 Bg m-3

EMRAS Il — 4-7 oct 2011 Juan C. Mora
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2nd NORM problem:

Indoor Radon

Table 5. Framework for source-related dose constraints and reference levels with examples of constraints for
workers and the public from single dominant sources for all exposure situations that can be controlled.

Bands of constraimnts

and reference levels®

(1sv)

Careater than
I 1o 2k

EMRAS Il — 4-7 oct 2011

Characterstics of the

CX posure situation

Individuals will usually
receive benefit from the
exposure situation but not
necessarily from the
exposure itself, Exposures
may be controlled at

source or, alternatively, by

action in the exposure
pathways.

Radiological protection
OO UIFCIe NS

Where possible, general
informaton should he
made available to enable
individuals to reduce
their doses.

For planned situations,
individual assessment of
exposure and training
should take place.

Examples

Constraints set for
oocupational exposure in
planned situations.

Constraints set for
comforters and carers of
patients treated with
radiopharmaceuticals.

R eference level for the
highest planned residual
dose from radon in
dwellings,

Juan C. Mora
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2nd NORM problem:

Indoor Radon
Gela case: Indoor dose

DOSE: All Nuclides Summed, Component Pathways

A o
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2nd NORM problem:
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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...

EMRAS Il — 4-7 oct 2011 Juan C. Mora
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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?

EMRAS Il — 4-7 oct 2011 Juan C. Mora
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Obviously, the difference is small if background is
negligible, but

... Is this always the case?

Of course, it is the case with artificial radionuclides

EMRAS Il — 4-7 oct 2011 Juan C. Mora
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Radon in spanish dwellings

25
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GM =41 Bq m™
Rango = < 10 — 15403 Bq m*
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RADON LEVELS (Bg/m3)

Fig. 2. Log-normal distribution of indoor-radon messuremenis.
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Radon exposure in Spain
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Figure 3. Distnbution of population with respect to radon
exposure (a) in Spain and, (b) in two Autonomous

NATURAL IONIZING RADIATION EXPOSURE OF THE SPANISH POPULATION
M. Garci’a-Talavera et. al. Radiation Protection Dosimetry (2007), Vol. 124, No. 4, pp. 353—359
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Radon variations indoor
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Figure 2. Radon concentration at three indoor locations, data set 1.

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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Radon variations indoor: living room
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Day number

Figure 3. Radon concentration in living room. data set 1. modified data.

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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Radon variations indoor: classroom
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Figure 7. Vaniation in radon levels in a classroom of a small village school, data set 3.

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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Natural “external” background
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Figure 1. Exposure to gamma radiation outdoors

measured at 1 m abowe the ground. The gray division lines

correspond to Autonomous Communities borders. Symbols

show the location of Madrid and Barcelona (M) and the
nuclear power plants (A).

NATURAL IONIZING RADIATION EXPOSURE OF THE SPANISH POPULATION
M. Garci’a-Talavera et. al. Radiation Protection Dosimetry (2007), Vol. 124, No. 4, pp. 353-359
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Effective dose due to natural background in Spain:

The nationwide average effective dose from natural
radiation sources has estimated to be 1.6 mSvy '
—and the variation range (0.6, 19.1)mSvy '. On =

average, COSTIC TAUTALIOIT TCPTCSEINS 1670, terrestral

gamma radiation 30%, radon and thoron inhalation
3% and mgestion 18%. These doses are sigmfi-
cantly lower than the worldwide average value pro-
posed in UNSCEAR'" but are in good agreement
with values reported for other European countries.

NATURAL IONIZING RADIATION EXPOSURE OF THE SPANISH POPULATION
M. Garci’a-Talavera et. al. Radiation Protection Dosimetry (2007), Vol. 124, No. 4, pp. 353-359
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Figure 4. Distribution of population with respect to
effective dose from natural radiation sources in Spain.

NATURAL IONIZING RADIATION EXPOSURE OF THE SPANISH POPULATION
M. Garci’a-Talavera et. al. Radiation Protection Dosimetry (2007), Vol. 124, No. 4, pp. 353—359
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Effective dose due to natural background worldwide:

UNSCEAR 2000
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Natural radioactivity in foodstuff:

UNSCEAR 2000

Concentrations of naturally occurring radionuclides in
foods vary widely because of the differing
background levels, climate, and agricultural
conditions that prevail.

EMRAS Il — 4-7 oct 2011 Juan C. Mora



'S DE ESPANA  DE CIENCIA
& EINNOVACION

= ¥ GOBIERNO MINISTERIO C

iemal

Centro de Investigaciones
Energéticas, Medioambientales

y Tecnologicas

NORM

Table 15
Concentrations of uranium and thorium series radionuclides in foods and drinking water
- Conceniration (mByg kg')
fLegton J.!.ﬂl‘.-
CONnm ST 2107, 1D e pp, D, 'Th Ra iT] e i
Grain products
Morth America
Uhted States 3-23 0.9-10 7-100 33-81 0.1-28 01-13 [F3.nil8]
Asla
China QE 17 4 42 13 38 05 [£1]
Incha 14-67 15-120 [Dw, &)
Tapan 12 14 12 [522]
Ewrops
Crermany 20-400 20-2 200 40-4 000 3T-1901 [B3, &3]
Poland 47-11 14-17 a0-110 110- 160 S0- 140 20-21 [F3,F7]
Fomania 6.1-85 30-90 49-59 20- 360 1.6-33 [B20.F20]
UE 6.2-35 0.7-5 200 56-120 27- 260 12 120-2300 [B2]
Feference valua 20 10 a0 S0 100y &0 (1007 3 60 3 1
Leafy vegetables
TWorth America
Uhnited States 24 20 ] 41 13 1.2 [F3.ndl8]
Az
China 1& 75 360 430 23 220 0.7 [Z1]
India B6l-72 320 D, EB]

UNSCEAR 2000
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Table 15
Concentrations of uranium and thorium series radionuclides in foods and drinking water
- Conceniration (mByg kg')
negton of
OB L 20T, R 2D, D Th Pa T sy AL
Root vegetables and fruits
Torth America
United States 09-7.7 02-1.1 7-47 8-150 00E-1.4 0.1 [F3.M16]
Az
China 13 ;3 27 24 4.7 110 0.6 [Z1]
India 04-77 16- 140 [Dé, E6]
Tapan 26 11 21 [522]
Ewrops [B3,
Crermany 10-2 800 -9 400 20-4900 | 22-3200 3. M18]
Ttaly 14-25 [D%]
Poland 09-10 0.7-75 11-215 24-93 28-210 07-7.1 [F3, F7]
Fomeania 6-120 9-190 19-44 12- 140 04-21 22 [BM0.E20]
UK & g0-41 18- 74 [B2]
Feference value 3 0.5 30 30(25) 40 (30) 0.5 20 0.5 0.1

UNSCEAR 2000
EMRAS Il — 4-7 oct 2011
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Natural radioactivity in foodstuff:

Table 2. Comparisan ofthe average activity concentrations nfEEEThI 335‘}2{;1. and 40 K invegetables
determined in the present study and from different studies

References 23 }Th EzﬁRﬂ 40) K 21 {]PU
(Eq (Bq (Bq (Bq
Y kH kh kY

UM=CEAR (20007 (Leafy products-fresh weight) 15=1 |:|-3 =1 D-E — 101 D-E

Feferehce valles

UMSCEAR (2000) (Root vegetables and fruts fresh weight) Reference 5. |:|-4 3w |:|-2 — 41 |:|-2
walues

Yen-Chuan Kuo et al. (1997 (fresh weight) — ] |:|-2 — —
Badran et al. (20037 (fresh weight) — — 106 .3 —

[8] and [9] (dry sweight) 17 38 10.14 4374858 311
Thig study (dry weight) 1017 2774 149788 1490

Radiation Measurements
Yolume 42, [zsue 2, Fehruary 2007, Pages 263-270

doiz10.10164.radme as.2005.12.001 | How ta Cite or Link Using D01
s Permizsions & Reprints

Radioactivity in soils and various foodstuffs from the
Gediz River Basin of Turkey

A &

M. Bolca™ ', M.M. Sag”, B. Cokuysal®, T. Karali®, E. Ekdal” Juan C. Mora
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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

EMRAS Il — 4-7 oct 2011
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Natural radioactivity in soil:

Table 5
Natural radionuclide content in soil
Data not referenced are from UNSCEAR Survey of Natural Radiation Exposures
Concentranon in soil (Bg kg™')
Population
FRegion / country in 1008 K =0 *Ra T
|'.E-ur-:d‘-'
Meamr Remge Mem Range Mean Range Mean Range
Africa
Alzana 2878 370 fe-1 150 30 2-110 20 5-180 25 2-140
Egvpt 63117 310 29-830 37 6-120 17 3-64 18 2-94
Morth Ancerica
Ciosta Fica 3.50 140 &-3B0 46 11-130 48 11-130 11 1-42
Umted Séates [M7] 2694 370 100-700 33 4-140 41 3-1a0 35 4-130
South Anserica
Argentina 3512 650 540-730
East Asia
Bangladesh 12001 350 130-610 i4 21-43
China [P16, Z5 1232 440 9-1 800 33 2-600 312 2-440 41 1-3&0
— Hong Eong SAR [W12] 6.15 330 E0-1 100 B4 25-130 59 20-110 93 16-200
India S4B 400 18- T&0 2 7-8] 29 7-81 & 14- 160
Japan [M5] 1254 310 15-940 29 2-549 13 6-08 28 2-88
Eazakstan 1682 300 100-1 200 37 12-120 313 12-120 &0 10-220
Eomea, Rap. of 4531 a70 17-1 500
Malavsia 2058 310 170-430 66 49-86 67 3E-94 g2 63-110
Thatland 5870 230 T-T712 114 3-370 43 11-78 51 7-120
West Asia
Armenia 364 380 310-420 46 20-78 51 - 0 20-¢0
Iran (Tslamie Fep. of) 69.9§8 640 250-980 28 B-35 i 5-42
UNSCEAR 2000 Svman Arab Eepublic 14.57 270 87-TBO 23 10-64 20 13-32 20 10-32
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Natural radioactivity in soil:

UNSCEAR 2000
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Concentration in soil (Bg kg™')
FPopulation
Region / coummy in ] 004 K = ““Ra “Th
{105}
Mem Range Mean Fange Mean Range Mean Fange

Morth Buvope

Dienmark [M5] 524 480 240-610 17 g-19 19 §-30

Eztomaa 147 310 140-1120 35 6-310 7 5-39

Lithuaraa 373 600 350-850 16 3-30 25 9-46

MNoraay 435 350 50 a0 43

Swaden 8.82 T8O 380-1130 42 12-170 42 4-54
West Bmope

Belzium 10.16 38D 70-%00 28 5-50 7 5-30

Crermany 8192 40-1 340 11-33 5-200 T-134

Lreland [M6] 355 350 40-300 k¥ B-12 ail 10-20 26 3-60

Luzpnbowurg 041 620 B0-1 800 35 6-52 0 7-70

Metharlands [K2] 15.58 120-730 5-53 23 6-63 §-77

Switzerland 722 3T 40-1 000 40 10-150 410 10-900 25 4-70

LUnited Kmgdem [B2] 38.14 0-3 200 2-330 37 1-180
East Europe

Bulgana 847 400 40-300 40 §-190 5 12-214 30 T-180

Hungary 10,05 3T T9-570 ) 12-66 33 14-76 2B 12-45

Poland [T7] 3860 410 110-970 26 5-120 28 5-120 21 4-77

Fomania [112] 2266 480 250-1 100 32 E-&0 32 3-60 3B 11-T75

Fazzian Faderztion 148.1 3 100-1 400 19 a-&7 27 1-76 30 2-79

Slovakia 335 32 200-1 38D 32 15-13 32 12-120 3B 2-80
South Burope

Albama 340 380 15-1150 23 6-96 4 4-160

Croatia 450 450 140-710 110 33-180 54 21-77 43 12-65

Cyprus 07a 140 0-&70 17 0-120

Crasce 10,49 L1 12-15T) 25 1-240 25 1-240 21 180

Portugal 981 240 220-1230 44 2682 44 3-65 51 22-100

Slovemia 192 3T 15-1410 41 2-1210 35 2-90

Spam 39.67 470 25-1650 32 6-250 33 2-210
Madian 400 140- 850 35 16-110 35 17-60 30 1-64
Population- weighted averaze 420 33 32 43

Juan C. iviora
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Natural radioactivity in soil:

Table 8
Outdoor absorbed dose rates in air inferred from concentrations of radionuclides in soil compared with
direct measurements
Absorbed dose vare in aiv (ny ')
Cowmry
From soil concenmrarians From divect measurements Hartio seilmeasurements
Licermbonrg 72 49 13
Treland 38 42 14
Sweden 77 A& 14
India ] 36 12
China (Hong Kong SAFR) 147 37 1.2
HWorway 36 73 1.2
United States 35 47 12
Swatzarland 45 45 1.1
Kazakstan 65 63 1.0
Belzium 44 43 1.0
Portugal 35 34 1.0
Malay=ia 93 92 1.0
Ezvpt 32 32 1.0
Slovema 1] 36 1.0
Romania 38 bl 1.0
China 38 62 0.9
Poland 42 45 0.9
Estoma 34 g 0.5
Slovakia &0 67 0.5
Japan 45 53 0.3
Lithuaria 48 38 0.8
Thatland 62 77 0.8
Fazzian Faderanion 52 65 0.8
Bulzana 36 70 0.8
Hungary 48 6l 0.3
Alzaria 34 70 0.8
Iran (Islanvie Bep. of) 33 71 0.7
Denmark ki 52 0.7
Spam 34 76 0.7
Greece is 56 0.7
UNSCEAR 2000 Albania 40 71 0.6
Svman Arab Fepublic 33 59 0.6
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Natural radioactivity in soil:

UNSCEAR 2000

Table 11
Areas of high natural radiation background
I Absorbed dose
Courmy Area Characreristics of area _i,_rj,_:lr.uz:. e rate in air © Ref
population G bl
Brazl {uarzpan Momazite sands; coastal areas 73000 90~ 170 (streats) B4, V5
90-50 000 (beaches)
Mimeas Gevais and Gotas 110-1 300 [Al7,P4]
Focos de Caldas Araxa Voleame mimsmes 350 340 averags
2300 average V5]
China Yangjiang Monazite particles 20000 370 averagze [Wi4]
Cruangdonz
Ezvpt Mile delta Monazite sands 20-400 [E2]
France Cantral regmon Gramrhie, schastous, sandstone area 7000 000 20-400 [13]
Southmvest Uranium manerals 10- 10000 D107
Incha Kerzla and Madras Momazte sands, coastzl areas 100 400 2004000 [519, 520
200 km lomz. 0.5 ko wide 1 300 averags
Granges delta 260-4440 [M13]
Iz (Tslanue Flammsar Sprng waters 2000 T0-17 000 [521]
Fep of) Iiahallat 2300-4 000 [558]
Ttaly Lazie Vileanie soil 5 100 000 120 averagzs [C12]
Campama 5600 000 200 averags [C12]
Ormeto towm 21000 380 averags [C20]
South Toscana 100000 150-200 [B21]
e Island Faofic Vilcanie soil 4 500 1 100 mazonmum [AA14]
Swatzerland Teszim, Alps. Tz Gmetss, verucano, ““Fa m karst soils 300 000 100-200 [551]
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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
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