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1 Introduction

The accident at the Chernobyl Nuclear Power Plant (NPP) occurred on 26 April 1986 at 1.24
a.m (local time). A large amount of radioactive material was released into the atmosphere. The
radioactive cloud reached Sweden on 27 April at 7 p.m. with a subsequent deposition on the
ground during a heavy rainfall, mainly on the coastal area north of Stockholm, 28 to 29 April
1986. In this report we use only data from open sources from the population register at Statistics
Sweden in combination with an updated method of organ absorbed dose assessment described
by Tondel et al. (2023a). This method was applied in an epidemiological study using a closed
cohort of the population living in the 9 most northern counties of Sweden by Tondel et al. (2023b).
The current study is now extended to include the total annual Swedish population with future
projections given by Statistics Sweden for the time period 1986 to 2036. The absorbed organ
doses in this updated manual are calculated using the same method as described in the previous
report (Tondel et al., 2023a). In addition, we have included calculations of Lifetime attributable
risk (LAR) with a method proposed by Environmental Protection Agency (EPA, 2011) and also
estimated effective dose and collective dose suggested by International Commission of Radiological
Protection (ICRP, 2007). LAR has never been calculated in Sweden after the Chernobyl NPP
accident and the most recent collective dose estimate is from Mattsson and Moberg (1991). It is
now possible for more precise estimates of collective dose after extended aerial measurements on
137Cs deposition and additional data from whole body counter measurements. The organ dose
coefficients for both internal and external effective dose have previously been published by R&af
et al. (2020), but have now been updated by data from Isaksson et al. (2021) and ICRP (2020).
To enable calculation of effective dose and LAR we have updated the package absorbedDose
in the statistical software R (R Core Team, 2022) which is available for download from https:
//github.com/absorbedDose/absorbedDose.

2 Population

In this study we use the total annual Swedish population in the time period 1986-2036. For years
1986—2023 we have exact data from Statistics Sweden as of 2024, and the years 2024-2036 are
based on the population forecast done by Statistics Sweden. For each year, there is a number of
citizens in each municipality (290 municipalities) categorised by sex (male, female) and by age (0,
1,2, ...,99, 100+ years).

The data on the population statistics is downloaded on August 12, 2024 from the webpage of
Statistics Sweden using the Application Programming Interface (API) with the R package pxweb
(Magnusson et al., 2019). The data for the period 1985 — 2023 is extracted from the table “Popula-
tion by region, marital status, age and sex. Year 1968 —2023” (Statistics Sweden, 2024b). The data
for population forecast is extracted from the table “Population by region, born in Sweden/foreign
born, age and sex. Year 2024 — 2070” (Statistics Sweden, 2024a).

The number of citizens per county and sex is presented in Figure 1 and Figure 2.
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Figure 1. Population in Sweden per sex and year.
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Figure 2. Population in each county per sex and year.
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3 Proportion of hunter households

In the model estimating the organ absorbed dose, hunters and members of hunter households
assume to have higher internal absorbed doses. The rationale for this categorization is that house-
holds (including females and children) with at least one family member who hunts tend to consume
more game than other families, hence will regularly be exposed to a diet containing higher concen-
trations of 137Cs (Agren, 1998).

To approximate the number of hunters in the Swedish population, we use the number of male
hunters in 1986. The number of male hunters per municipality in 9 counties were obtained from a
register of licence holders of hunting weapons (Tondel et al., 2022) and the proportion of hunters
in these municipalities was calculated. For the remaining 12 counties in Sweden, the proportion
of male hunters was calculated as the number of male hunters living in these 12 counties divided
by the total number of male population older than 18 in 1986 in these 12 counties. There were 55
678 hunters and 2 336 883 male adults, which gives 2.38% hunters.

The same hunter proportion is applied for male, female and children, for all age categories, and
for every year in the calculations. The proportions per municipality are presented in Table 8.

4 A model for estimating the organ absorbed dose

The following model for calculating the organ absorbed dose is described in Tondel et al. (2023a).
However, we repeat the equations in this section for ease of reading.

The following coefficients are changed comparing to the Tondel et al. (2023a).
External dose:

e Ay for 1¥7Cs (kBq/m?) was previously specific to the person’s address, but now the value
is per municipality (Aesd,municip)-

o Values of kSEQ, organ,sex,ext and Korgan sex Polynomial coefficients are updated because dose
coeflicients for external exposure is now retrieved from ICRP, 2020.

e Value of fshicld, snow,county Was changed for Blekinge county from 0.9 to 0.97.
Internal dose:

o Coefficients €cs-137,0rgan,sex aNd €Cs-134,0rgan,sex for colon are updated since ICRP-weighting
is used for the parts of the colon.

Inhalation absorbed dose from 31:

e Values of Einn,county Were updated.
Cancer sites/tissues:
e The tables with coefficients per organ include only cancer sites/tissues contributing to the
effective dose and those that have assigned LAR-coefficients.
4.1 Total absorbed dose

The exposure to the thyroid from the Chernobyl fallout is here described separately from the total
absorbed dose to the other organs. The reason is that there are two additional exposure pathways
to the thyroid compared with the other organs. The contribution to the absorbed dose to thyroid
in time period ¢; to ti+1, Diot, Thyroid (ti; ti+1), can be divided into four components,

Dot Thyroid (tis tis1) = Dext, Thyroid (tis ti+1) + Ding, Thyroid (i, ti1)
+ Dk, Thyroid (tis ti+1) + Dinh, Thyroid (£, tit1)s
that is, the combined external exposure from 34Cs, 137Cs and short-lived nuclides on the ground

(Dext, Thyroid ), the ingestion of 134Cs, 137Cs (Ding Thyroid), the ingestion of 11 via milk (Dmiik Thyroid),
and the inhalation of airborne 1311 (Dinh, Thyroid ) -



For the remaining organs, the absorbed dose in time period t; to ti11, Diot,organ(ti;ti+1)s
includes only the first two components above,

Dtot,organ(tia ti+1) = Dext,organ (tia ti+1) + Ding,organ(tia ti+1)~

The models for these two dose components are described in Subsection 4.2 and Subsection 4.3.

The internal dose to thyroid via '3'I in dairy milk ingestion and the inhalation dose from 1
contribute to the total absorbed dose only in the first 50 days (0.14 year) after April 28, 1986.
That is, these doses are 0 if the time period starts after June 17, 1986. The models for these dose
components are described in Subsection 4.4 and Subsection 4.5.

4.2 External absorbed dose

The dose from external gamma radiation exposure of a specific organ can be estimated as

Dext,organ (tiy ti+1) = Aesd,municip . dCs . (bKerma/H : fshield,snow,county . kSEQ, organ,sex,ext

tit1
. (fout + (1 - fout) : fshield,municip) : / korgan,sex(age(t)) : T(t) dt,
t

with the parameters as in Table 1.

For adults (age > 20) Korgansex(age(t)) is a constant and the integral can be calculated as
follows

tit1
/ korgan,sex(age(t)) ! T(t) de
t

i

tit1
= / Korgan sex(age(t)) - (0.96e 3689 +0.10823¢ 2447t 4 0.0796¢ 6654 + 0.0314¢~0-125646%) gy
t;

tit1

_ korgan,sex(adlﬂt) ( 0.96 6—36.89t _ 0'108236—2.447t _ 0'07966—0.6684t _ 0.0314 6—0.125646t>

~36.89 2.447 0.6684 0.125646

t;

When age < 20, the function korgansex(age(t)) is a 24 or 3" degree polynomial, depending on
organ (See Table 9 and 10 for coefficient values). In this case, the integral above can also be
calculated explicitly but the expression is not presented here for brevity.

Table 1. Parameters used in the model for the external dose.

Parameter Unit Value

Acsd,municip kBQ/m2 13708, see Table 8

dos (mSv/y)/(kBq/m?) 1.016856

®Kerma/H mGy/mSv 0.83 (The ratio between air kerma and ambient dose
equivalent for 600 keV photons taken from Portal et al.
(1992).)

fshield,snow,county - see Table 7

KSEQ, organ,sex,ext — see Table 9 and 10

fout — 0.2

fshield,municip — see Table 8

Korgan,sex (age(t)) — 1 for age(t;) > 20

polynomial of the form ag+a; -age-+as-age®+az-age® for
age(t;) < 20, coefficients depend on the sex and organ
(see Table 9 and 10 for coefficients, Subsection A.2.1 for
figures)

r(t) — 0.96e736-89 1 (.10823¢= 247+ (.0796e0-0684t 4
0'0314670.1256461&




4.3 Internal absorbed dose

The internal dose from the ingestion component of a specific organ is estimated as

tit1 —In(), —In(2), —In(2),
Ding,orgarl(ti7 ti+1) = Aesd,county : Tag,max,Cs - Saliment - (1 —e n ) . (Cl ce 2 +co-e '3 )
t;

Wadult,sex

—0.889
: fsex(age(t)) : <€Cs—137,organ,sex * Wsex (age(t)) ' (wse)((age(t))>

Wadult,sex

W (age(t)) —0.812 7(T11n(2) 7T11rl(2) )t
+ FR. 6Cs—134,0rgam,sex . wsex(age(t)) . (bex) - € g Cs-134 g Os-137 dt

ti +tiv1
~ Aesd,county : Tag,max,Cs : Saliment . fsex <ag€ < ‘

0.111
0.889 ti + tz+1
© | €Cs-137,0rgan,sex wadult ,sex * Wsex | ag€

tit1 —In(2), —In(2), —In(2),
. (1—6 i )-(cl-e 2 4cyre fs )dt
ti

0.188
ti + t;
0.812 7 i+1
+ FR- €Cs-134,organ,sex * wadult,sex * Wsex (age (

2

tit1 ~n(2) ~In(2) ~in(2) _(&_ In(2) )t
=t )t nl2) ¢ T T1 g
/ (1—6 tq )'(61'6 to —|—Cg'€ 3 ).e 5 Cs-134 5 Cs-137 dt ).
t;

The last two integrals above can be rewritten in the same form and calculated as

tit1

tit1
ay a2 as Gy
/ aj - eblt + as - ebzt —as - ebgt —ay - eb4t dt — L. eblt + i ebzt _ 2. eb3t _ = eb4t
b1 b2 b3 b4

i

t;

The coefficients of the integrals are listed in Table 2.
The description of parameters used to calculate the internal dose is given in Table 3.

: Wsex (age(t)) 0.889 Weox (age(t)) 0.812 )
The functions ( —e252020 and | =2 are introduced here to accommodate

Wadult,sex Wadult,sex

the decreasing organ specific internal dose coefficients for children with their smaller body size,
since for a given body concentration a larger fraction of the emitted gamma radiation will escape
the organs of a smaller body. These functions are needed because the dose coefficients from
Isaksson et al. (2021), €cs-137,0rgan,sex 8Nd €Cs-134,0rgan,sex, Only refer to adult males and females.
The functions are derived from a mathematical fit presented by Falk et al. (1991).

Table 2. Coefficients in the remaining integrals for the *Cs and '**Cs contributions. The half-life for
137Cs appears in the coefficient for 134 Cs since the change of the isotopic ratio, FR, with time is affected
by the half-life of both isotopes. See Table 3 for values of c1, c2, t1, t2, ts, T1ce-1340 Thos 137

Coefficient 137Cs 131Cs Unit
ay C1 C1 T

_In(2) In(2) In(2)  In(2) —1
bl t2 ( + T1 Cs—134 T%Csl37) Y
as C2 Co o

_In(2) [ In(2) In(2)  In(2) ~1
b2 t3 < + T1 Cs—134 T%CslS7) Y
as C1 C1 -

In(2) In(2) In(2) In(2) In(2) In(2) —1

b3 - ( 1 + t2 ) B ( 1 + t2 + T1cs—134 - TéCsl?ﬂ) y
ag C2 Co o

_ (In(2) In(2) _ [ In(2) In(2) In(2) In(2) —1
b4 ( t1 + ts ) ( t1 + t3 + T%057134 Téc;lw)




Table 3. Parameters used in the model for the internal dose from the ingestion.

Parameter Unit Value

Alsd county kBq/m? I37Cs, see Table 7

Tag, max,Cs (Bq/kg)/(kBq/m?) 11 for non-hunter household
29.3 for hunter households

Saliment — 1 (a factor describing the effects of countermeasures to
reduce the transfer to humans of radionuclides through
foodstuff. In Sweden 1.0 after Chernobyl. )

t1 y 1 for non-hunter household
1.1 for hunter households

c1 — 1 for non-hunter household
0.9 for hunter households

to y 0.75 for non-hunter household
1.2 for hunter households

Co — 0.1 for non-hunter household
0.11 for hunter households

t3 y 15 for non-hunter household
30 for hunter households

fsex(age(t)) — 0.61 for women (age(t) > 20),
1 for men (age(t) > 20) and children (age(t) < 20)

€Cs-137,0rgan, sex mGy/(Bq y) see Table 11 for coefficients in Gy/(Bq s), multiplied by
3600 - 24 - 365.25 - 1000 to convert to mGy/(Bq y)

€Cs-134,organ, sex mGy/(Bq y) see Table 11 for coefficients in Gy/(Bq s), multiplied by
3600 - 24 - 365.25 - 1000 to convert to mGy/(Bq y)

FR — 0.56

Wadult,sex kg 78 for men,
63 for women

Wsex (age(t)) ke 78 for men (age(t) > 20),
63 for women (age(t) > 20),
—0.0000021 - age® + 0.0002623 - age® — 0.011799 - age* +
0.2305 - age® — 1.8759 - age? + 8.0766 - age + 3.8872 for male
children (age(t) < 20),
—0.0000057 - age® +0.000552 - age® — 0.0199 - age* +0.3191 -
age3 —2.1579-age?4-7.4423-age+3.9529 for female children
(age(t) < 20) (see Figure A.2.2)

T%Cs-134 y 2.06

Tioss7 y 30.2




4.4 Internal absorbed dose via *'I in dairy milk

The internal dose via '3'T in dairy milk ingestion, during the first 50 days after the accident, is
calculated only for the organ thyroid. For the other organs the absorbed dose from 3'I is assumed
to be 0.

The absorbed dose to the thyroid from the intake of dairy milk is estimated as

Dtk Thyroid (07 014) = Cmilk,county kdelay ta (agC(O()?)) : ding (agC(007)) s
with the parameters as in Table 4.

Table 4. Parameters used in the model for the internal dose from '3'T via dairy milk ingestion.

Parameter Unit Value

Gyl @iy Bq d/kg time-integrated 3'I activity concentration in milk, see Ta-
ble 7

Eaelay — 0.74, accounts for the decay of '3'I between reported con-

centrations in dairy milk and the time when consumers in-
gest the fresh milk, assumed being about 3 days (RA&af et
al., 2019)

age(0.07) y age at 25 days (0.07 years)

a(age(t)) kg/d 0.75- 0.3 = 0.225 when age(t) < 1,
0.00002 - age® — 0.0017 - age? + 0.04 - age + 0.102 when 1 <
age(t) < 20,
0.41 when age(t) > 20

ding (age(t)) mGy/Bq (4.0459 — 0.718272 - age + 0.072904 - age? — 0.00441 - age3 +
0.0001524-age* —0.000002717 - age® +1.93-10~8 - age®) /1000
when age(t) < 20,
0.00043 when age(t) > 20 (no sex difference assumed)

4.5 Inhalation absorbed dose from 3'1

The inhalation dose from '3'1, during the first 50 days after the accident, is calculated only for the
organ thyroid. For the other organs the absorbed dose from '3!1 is assumed to be 0.
The absorbed dose to thyroid from the inhalation is estimated as

Dinh,Thyroid (07 014) = Einhpounty -F (age(O()?)) : kthy/E . 10_3;
with parameters as in Table 5.

Table 5. Parameters used in the model for the inhalation dose.

Parameter Unit Value

Bjrin, gomty WSV see Table 7

age(0.07) y age at 25 days (0.07 years)

F(age(t)) - 1.7245+0.7869-age—0.1976-age?+0.02309-age? —0.0015207-
age* +0.0000521 - age® — 0.0000007097 - ageS when age(t) <
20,
1 when age(t) > 20

Einy/E mGy/mSv 20

5 Organ absorbed dose to the Swedish population

For each year, we had the population registered in Sweden on December 31 that year. We assumed
that this population is valid between July 01 that year and June 30 next year.
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We calculated the absorbed dose between April 28, 1986 and April 27, 2036, divided in by years
in the following time periods: April 28, 1986 — June 30, 1986, thereafter between July 01 and June
30 next year for years from 1986 until 2035, and July 01, 2035 — April 27, 2036.

We first calculated the organ specific external, internal and total absorbed dose for one male
and one female representative from each municipality, from each 1-year age category, and from
hunter or non-hunter household. The equations used for calculating the absorbed dose is described
in detail in Section 4.

Then the sex, age and organ specific dose from all considered exposure pathways was multiplied
by the number of individuals in each population category for a given municipality, as follows:

Dpop,municip,age,M (ti; ti+1> = TMmunicip,age,M * [(1 - pmunicip,hunters) : Dmunicip,age,M,non—hunter(ti7 tiJrl)

+ Pmunicip,hunters * Dmunicip,age,M,hunter (tia ti+1 )]7

Dpop,municip,age,F (ti7 tiJrl) = Nmunicip,age,F * [(1 - pmunicip,hunters) : Dmunicip,age,F,non-hunter (t“ ti+1)

+ Pmunicip,hunters * Dmunicip,agc F,hunter (ti; ti+1 )];

where n is the municipality population in the time period (¢;,t;11) of a 1-year age category and p
is proportion of hunter households in the municipality (see Section 3 and Table 8). The population
summed absorbed dose of specific organ of male Swedish population in all 290 municipalities for
the time period was then calculated as

290 100
Dpop,Sweden,M (tiv ti+1) = § § Dpop,municip,age,M (ti7 ti-l—l)a

municip=1 age=0
and of female Swedish population as

290 100
Dpop,Sweden,F(tia ti+1) = § § Dpop,municip,age,F (tia t’i—i—l)-

municip=1 age=0

6 Lifetime attributable cancer risk (LAR)

LAR at a certain 1-year age group was obtained by multiplying the absorbed dose to a specific
organ with the corresponding sex-specific LAR coeflicient for cancer incidence in that organ and
the age at the time of exposure. The LAR coefficients are presented in Table 12 and 13. LAR
coefficients for age groups, not in the tables, were estimated with linear interpolation, as illustrated
in the figures in Subsection A.4.2. In the calculations, we used the coefficients for the age in the
middle of the time interval (¢;,¢;41).

The estimated number of attributable cancer cases (AC) in a specific calendar year from the
Chernobyl fallout for each municipality was calculated using the organ absorbed doses that year in
each l-year age category, the number of individuals in that municipality by age and the age- and
cancer site-specific LAR:s. The cumulative number of AC to a specific cancer site in the Swedish
population was obtained by summing the number of AC over all age categories and municipalities.

290 100
-7
ACSweden,M(tia ti—i—l) = Z Z Dpop,municip,age,M(tia ti+1) : LARage,M -10 y
municip=1 age=0
and

290 100
ACSweden,F (tn ti+1) = Z Z Dpop,municip,age,F(tia ti+1) . LARage,F . 1077~

municip=1 age=0

The factor 107 converts number of cases per 10000 individuals per Gy organ specific absorbed
dose into number of cancer cases induced per unit absorbed dose in mGy since LAR coefficient
taken from EPA (2011) are expressed in the former unit (i.e. cases per 10000 person Gy).

11



7 Effective dose

Since the radiation weighting factor for beta and gamma radiation is unity, and all considered
exposure pathways in this study only involves these two types of radiation, the effective dose E
was calculated as:

Biot(tistiv1) = Y wr- Dextissue(tistiy1) + Y wr - Ding tissue(ti, tis1)

all tissues all tissues

+0.04 - Dyitk, Thyroid (tis tit1) + 0.04 - Dinh Thyroid (i, tit1)-

The list of tissues included in the calculation of the effective external and internal dose components,
and coefficients used in the calculations are listed in Table 9, 10 and 11. Tissue weighting factors
wr, as in ICRP (2007), are given in Table 6. The internal dose via dairy milk and the inhalation
contribute only for Thyroid which has weight 0.04.

Table 6. Tissue weighting factors according to ICRP 103 (ICRP, 2007).

Tissue Tissue weighting factor wr > wr
breast, colon, lung, red active marrow, remainder!, stomach  0.12 0.72
gonads (ovaries, testes) 0.08 0.08
liver, oesophagus, thyroid, urinary bladder 0.04 0.16
bone surface, brain, salivary glands, skin 0.01 0.04

Total 1.00

'Remaining tissues: adrenals, ET, gall bladder, heart, kidneys, lymph, muscle, oral mucosa, pan-
creas, prostate (d'), small intestine, spleen, thymus, uterus/cervix (Q).

The effective dose E to a reference person of a certain age in a municipality was calculated as

Emunicip,age (tiy ti+1) = [nmunicip,age,M : [(1 — Pmunicip, hunters) : Etot,municip,age,M,non—hunter (ti7 tz’+1)
+ Pmunicip,hunters * Emunicip@ge,M,hunter (tia ti-i—l )]
+ Nmunicip,age,F * [(]- - pmunicip,hunters) : Etot,municip,age,F,non—hunter (tia ti+1)
+ Pmunicip,hunters * Emunicip,age,F,hunter(tia ti—&-l)“/(nmunicip,age,M + nmunicip,age,F)y

where n is the municipality population in the time period (¢;,t;+1) of a specific 1-year age category
and p is proportion of hunter households in the municipality (see Section 3 and Table 8). The
weighted mean was used in order to take into account that the number of males and females in
each municipality was not equal.

The annual collective effective dose in Sweden, S, was calculated as E times the number of
individuals in the age category in the municipality, summed over all age categories and all munic-
ipalities,

290 100

S(tia ti+1) = Z Z Nmunicip,age * Emunicip,agc (tia tiJrl)-

municip=1 age=0

8 R package absorbedDose

The R package absorbedDose was developed to calculate the organ absorbed dose to an individual
using the model described in Section 4 (Tondel et al., 2023a). The package was updated to enable
the calculation of the number of attributable cancer cases and the effective dose. The number of
AC, as described in Section 6, can be calculated using the functions LAR and dose_collective.
The effective dose, as described in Section 7, can be calculated with the function dose_effective.
Additionally, the data sets containing coefficients per county, municipality, tissue/organ, and LAR
coefficients presented in the Appendix, and tissue weighting factors presented in Table 6 were
added.

12



The R package absorbedDose can be download from https://github.com/absorbedDose/
absorbedDose.
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A Appendix

A.1 Coefficients per county, municipality and organ

A1l

Table 7. Aesd,county; fshield,snow,county, Cmilk,county and Einh,county values per COHD'CY Values Aesd,county are
taken from Bystrom (2000) and Tondel et al. (2022). Values fshield,snow,county are taken from Finck
(1992). Values Cmilk,county are time-integrated activity concentrations in milk. Values cmilk,county and

Coefficients per county

FEinh,county are derived from RA&Af et al. (2019).

137 (g _ 1317 1317
County Aesd,county fshield,snow,county Cmilk,county Einh,county
code
kBq/m? Bq d/kg uSv

1 Stockholm 2.579 0.90 398 16.00
3 Uppsala 15.183 0.90 302 16.00
4 Sodermanland 5.043 0.90 449 16.00
5 Ostergotland 2.184 0.90 141 11.60
6 JonkSping 1.747 0.90 160 3.40
7 Kronoberg 1.613 0.90 160 7.20
8 Kalmar 2.054 0.90 160 11.60
9 Gotland 3.140 0.97 1721 16.00
10 Blekinge 1.964 0.97 160 7.20
12 Skane 1.760 0.97 160 7.20
13 Halland 1.792 0.97 141 5.30
14 Vastra Gotaland 1.873 0.97 141 3.40
17 Varmland 2.042 0.85 100 3.40
18 Orebro 1.931 0.90 141 3.40
19 Vastmanland 10.897 0.90 224 16.00
20 Dalarna 2.448 0.85 100 10.06
21 Gavleborg 13.112 0.85 311 4.12
22 Vasternorrland 27.872 0.84 356 1.90
23 Jamtland 6.352 0.84 91 4.12
24 Vasterbotten 14.361 0.84 181 1.90
25 Norrbotten 2.054 0.81 329 1.17
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A.1.2 Coefficients per municipality

Shielding factors for dwellings, fshicld,municip, Were calculated for each municipality, based on the
distribution of multi-storey houses and one-family houses in each municipality. For these types of
dwellings, shielding factors were taken from Finck (1992), where multi-storey houses are assigned a
shielding factor of fy; = 0.04 and one-family houses are assigned a shielding factor of fy = 0.38. For
each municipality, the number of multi-storey houses, Ny, and one-family houses, Ny, respectively,
in year 1990 were retrieved from Statistics Sweden (2021) and a weighted shielding factor was

calculated as (N - f; + No - fo)/(Num + No).

Table 8. Acsd,municip, fshield,municip and proportion of hunter households per municipality.

37005
Municipality Municipality name County Acsd,municip fshicld,municip  Hunter
code code
kBq/m? — %
114  Upplands Visby 1 1.939 0.164 2.38
115 Vallentuna 1 1.680 0.272 2.38
117  Osteraker 1 1.992 0.288 2.38
120  Varmdo 1 2.033 0.269 2.38
123 Jarfalla 1 1.956 0.174 2.38
125 Ekero 1 2.424 0.320 2.38
126 Huddinge 1 2.233 0.185 2.38
127 Botkyrka 1 1.877 0.154 2.38
128 Salem 1 1.722 0.253 2.38
136 Haninge 1 1.845 0.172 2.38
138  Tyreso 1 2.027 0.206 2.38
139 Upplands-Bro 1 7.261 0.185 2.38
140  Nykvarn 1 3.003 0.276 2.38
160 Taby 1 1.509 0.219 2.38
162 Danderyd 1 1.773 0.231 2.38
163  Sollentuna 1 1.849 0.203 2.38
180 Stockholm 1 1.755 0.077 2.38
181 Sodertélje 1 2.212 0.134 2.38
182  Nacka 1 2.175 0.177 2.38
183  Sundbyberg 1 1.584 0.057 2.38
184  Solna 1 2.359 0.050 2.38
186 Lidingo 1 2.177 0.163 2.38
187 Vaxholm 1 2.137 0.230 2.38
188 Norrtélje 1 2.725 0.243 2.38
191  Sigtuna 1 5.002 0.168 2.38
192 Nynashamn 1 1.921 0.196 2.38
305 Habo 3 20.993 0.309 2.38
319  Alvkarleby 3 37.889 0.252 3.14
330 Knivsta 3 13.557 0.283 2.36
331 Heby 19 31.384 0.300 5.93
360 Tierp 3 19.800 0.260 5.80
380 Uppsala 3 13.557 0.148 2.36
381 Enkoping 3 18.563 0.227 3.87
382 Osthammar 3 7.026 0.266 6.67
428  Vingaker 4 2.415 0.245 3.82
461 Gnesta 4 3.826 0.266 2.86
480 Nykoping 4 2.616 0.183 2.86
481 Oxelosund 4 2.303 0.175 2.39
482 Flen 4 6.767 0.225 3.60
483 Katrineholm 4 3.939 0.184 2.58
484  Eskilstuna 4 6.691 0.161 1.59
486 Strangnas 4 10.136 0.220 2.98
488 Trosa 4 2.192 0.277 2.86
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Table 8. (continued)

3705
Municipality Municipality name County Acsd,municip fshicld,municip  Hunter
code code
kBq/m? — %
509 Odeshog 5 1.933 0.307 2.38
512  Ydre 5 2.356 0.331 2.38
513 Kinda 5 2.013 0.280 2.38
560 Boxholm 5 2.209 0.251 2.38
561 Atvidaberg 5 2.242 0.254 2.38
562 Finspang 5 2.056 0.207 2.38
563 Valdemarsvik 5 2.537 0.262 2.38
580 Linkoping 5 1.922 0.158 2.38
581 Norrkoping 5 2.606 0.156 2.38
582  Soderkoping 5 2.826 0.260 2.38
583 Motala 5 1.785 0.219 2.38
584 Vadstena 5 1.519 0.245 2.38
586  Mjolby 5 1.887 0.219 2.38
604 Aneby 6 2.170 0.295 2.38
617 Gnosjo 6 1.454 0.283 2.38
642 Mullsjo 6 1.698 0.334 2.38
643 Habo 6 1.362 0.320 2.38
662 Gislaved 6 1.338 0.280 2.38
665 Vaggeryd 6 1.890 0.294 2.38
680 Jonkoping 6 1.654 0.191 2.38
682 Naéssjo 6 1.960 0.221 2.38
683 Véarnamo 6 1.479 0.260 2.38
684  Savsjo 6 1.812 0.287 2.38
685 Vetlanda 6 1.795 0.270 2.38
686 Eksjo 6 2.182 0.242 2.38
687 Tranas 6 2.217 0.198 2.38
760 Uppvidinge 7 1.849 0.297 2.38
761 Lessebo 7 1.893 0.290 2.38
763 Tingsryd 7 1.784 0.312 2.38
764  Alvesta 7 1.678 0.290 2.38
765  Almhult 7 1.454 0.282 2.38
767 Markaryd 7 1.239 0.281 2.38
780 Viaxjo 7 1.832 0.221 2.38
781 Ljungby 7 1.232 0.264 2.38
821 Hogsby 8 1.960 0.321 2.38
834 Torsas 8 1.922 0.329 2.38
840 Morbylanga 8 2.364 0.335 2.38
860 Hultsfred 8 2.189 0.276 2.38
861 Monsteras 8 2.070 0.283 2.38
862 Emmaboda 8 1.774 0.299 2.38
880 Kalmar 8 1.712 0.194 2.38
881 Nybro 8 1.840 0.253 2.38
882  Oskarshamn 8 1.811 0.218 2.38
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Table 8. (continued)

3705
Municipality Municipality name County Acsd,municip fshicld,municip  Hunter
code code
kBq/m? — %

883 Vistervik 8 2.398 0.226 2.38
884  Vimmerby 8 2.257 0.267 2.38
885 Borgholm 8 1.925 0.325 2.38
980 Gotland 9 3.140 0.272 2.38
1060  Olofstrém 10 1.655 0.259 2.38
1080 Karlskrona 10 2.056 0.217 2.38
1081 Ronneby 10 2.048 0.265 2.38
1082 Karlshamn 10 1.978 0.234 2.38
1083  Solvesborg 10 1.685 0.290 2.38
1214  Svalov 12 2.249 0.310 2.38
1230  Staffanstorp 12 1.788 0.314 2.38
1231 Burlov 12 1.791 0.174 2.38
1233  Vellinge 12 1.577 0.337 2.38
1256  Ostra Goinge 12 1.613 0.287 2.38
1257  Orkelljunga 12 1.741 0.294 2.38
1260 Bjuv 12 2.424 0.281 2.38
1261 Kavlinge 12 2.062 0.301 2.38
1262 Lomma 12 1.929 0.300 2.38
1263 Svedala 12 1.668 0.306 2.38
1264  Skurup 12 1.319 0.316 2.38
1265 Sjobo 12 1.602 0.317 2.38
1266 Horby 12 1.640 0.297 2.38
1267 Hoor 12 1.723 0.306 2.38
1270 Tomelilla 12 1.503 0.298 2.38
1272  Bromdlla 12 1.600 0.296 2.38
1273 Osby 12 1.583 0.277 2.38
1275  Perstorp 12 1.900 0.225 2.38
1276 Klippan 12 2.130 0.259 2.38
1277 Astorp 12 2.523 0.272 2.38
1278 Bastad 12 2.519 0.313 2.38
1280 Malmo 12 1.611 0.100 2.38
1281 Lund 12 1.883 0.166 2.38
1282 Landskrona 12 2.114 0.163 2.38
1283 Helsingborg 12 2.415 0.153 2.38
1284 Hoganas 12 2.620 0.298 2.38
1285 Eslov 12 1.891 0.244 2.38
1286 Ystad 12 1.294 0.228 2.38
1287 Trelleborg 12 1.393 0.229 2.38
1290 Kristianstad 12 1.531 0.239 2.38
1291 Simrishamn 12 1.417 0.280 2.38
1292 Angelholm 12 2.366 0.248 2.38
1293 Hassleholm 12 1.612 0.262 2.38
1315 Hylte 13 1.417 0.309 2.38
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Table 8. (continued)

3705
Municipality Municipality name County Acsd,municip fshicld,municip  Hunter
code code
kBq/m? — %
1380 Halmstad 13 1.743 0.218 2.38
1381 Laholm 13 1.554 0.321 2.38
1382 Falkenberg 13 1.685 0.281 2.38
1383 Varberg 13 2.186 0.233 2.38
1384 Kungsbacka 13 2.436 0.312 2.38
1401 Hérryda 14 2.106 0.295 2.38
1402  Partille 14 2.363 0.220 2.38
1407 Ockerd 14 2.424 0.367 2.38
1415  Stenungsund 14 2.335 0.270 2.38
1419 Tjorn 14 2.454 0.351 2.38
1421  Orust 14 2.603 0.331 2.38
1427  Sotenis 14 2.731 0.315 2.38
1430 Munkedal 14 2.304 0.303 2.38
1435 Tanum 14 2.145 0.317 2.38
1438 Dals-Ed 14 2.715 0.307 2.38
1439 Férgelanda 14 2.586 0.337 2.38
1440 Ale 14 1.948 0.256 2.38
1441 Lerum 14 1.866 0.309 2.38
1442  Vargarda 14 1.647 0.299 2.38
1443 Bollebygd 14 1.974 0.317 2.38
1444  Grastorp 14 1.273 0.320 2.38
1445 Essunga 14 1.428 0.325 2.38
1446 Karlsborg 14 1.542 0.257 2.38
1447  Gullspang 14 1.797 0.286 2.38
1452  Tranemo 14 1.546 0.301 2.38
1460 Bengtsfors 14 2.389 0.272 2.38
1461 Mellerud 14 2.007 0.296 2.38
1462 Lilla Edet 14 2.058 0.301 2.38
1463 Mark 14 2.036 0.290 2.38
1465 Svenljunga 14 1.545 0.323 2.38
1466  Herrljunga 14 1.550 0.312 2.38
1470 Vara 14 1.169 0.319 2.38
1471  Gotene 14 1.059 0.301 2.38
1472  Tibro 14 1.481 0.254 2.38
1473 Toreboda 14 1.339 0.278 2.38
1480 Goteborg 14 2.310 0.110 2.38
1481 Molndal 14 2.259 0.198 2.38
1482 Kungalv 14 2.292 0.249 2.38
1484  Lysekil 14 2.766 0.244 2.38
1485 Uddevalla 14 2.424 0.191 2.38
1486  Stromstad 14 3.010 0.256 2.38
1487 Véanersborg 14 1.982 0.225 2.38
1488 Trollhattan 14 1.860 0.183 2.38
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Table 8. (continued)

3705
Municipality Municipality name County Acsd,municip fshicld,municip  Hunter
code code
kBq/m? — %
1489  Alingsas 14 1.692 0.241 2.38
1490 Boras 14 1.842 0.173 2.38
1491  Ulricehamn 14 1.630 0.279 2.38
1492  Amal 14 2.242 0.242 2.38
1493 Mariestad 14 1.151 0.233 2.38
1494 Lidkoping 14 0.991 0.224 2.38
1495 Skara 14 1.228 0.222 2.38
1496  Skovde 14 1.257 0.203 2.38
1497 Hjo 14 1.859 0.270 2.38
1498 Tidaholm 14 1.930 0.252 2.38
1499  Falkoping 14 1.611 0.233 2.38
1715  Kil 17 1.957 0.278 2.38
1730 Eda 17 1.889 0.293 2.38
1737 Torsby 17 2.121 0.307 2.38
1760 Storfors 17 2.481 0.271 2.38
1761 Hammaro 17 1.417 0.253 2.38
1762 Munkfors 17 1.733 0.249 2.38
1763 Forshaga 17 1.815 0.287 2.38
1764 Grums 17 1.956 0.257 2.38
1765 Arjing 17 2.257 0.292 2.38
1766 Sunne 17 1.879 0.309 2.38
1780 Karlstad 17 1.859 0.171 2.38
1781 Kristinehamn 17 2.094 0.201 2.38
1782 Filipstad 17 2.183 0.221 2.38
1783 Hagfors 17 2.085 0.255 2.38
1784  Arvika 17 1.933 0.246 2.38
1785  Séffle 17 1.880 0.255 2.38
1814 Lekeberg 18 1.910 0.330 2.38
1860 Laxa 18 1.797 0.215 2.38
1861 Hallsberg 18 1.867 0.250 2.38
1862 Degerfors 18 1.928 0.240 2.38
1863  Haéllefors 18 2.241 0.217 2.38
1864 Ljusnarsberg 18 1.957 0.247 2.38
1880 Orebro 18 1.780 0.161 2.38
1881 Kumla 18 1.753 0.241 2.38
1882  Askersund 18 1.789 0.264 2.38
1883 Karlskoga 18 2.156 0.184 2.38
1884 Nora 18 2.024 0.273 2.38
1885 Lindesberg 18 1.933 0.259 2.38
1904 Skinnskatteberg 19 2.083 0.267 5.60
1907 Surahammar 19 2.556 0.248 2.36
1960 Kungsor 19 3.107 0.253 2.91
1961 Hallstahammar 19 4.420 0.204 1.97
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Table 8. (continued)

3705
Municipality Municipality name County Acsd,municip fshicld,municip  Hunter
code code
kBq/m? — %
1962 Norberg 19 2.107 0.231 3.77
1980 Visteras 19 10.824 0.162 1.45
1981 Sala 19 12.241 0.251 4.44
1982  Fagersta 19 1.737 0.164 2.25
1983 Koping 19 2.588 0.175 2.69
1984 Arboga 19 2.148 0.199 2.68
2021  Vansbro 20 1.819 0.303 7.94
2023 Malung-Sélen 20 2.228 0.302 8.80
2026 Gagnef 20 2.181 0.353 7.31
2029 Leksand 20 2.455 0.298 6.02
2031 Rattvik 20 2.690 0.284 5.63
2034 Orsa 20 2.382 0.276 8.21
2039  Alvdalen 20 2.510 0.318 10.13
2061 Smedjebacken 20 2.238 0.248 4.03
2062 Mora 20 2.312 0.289 6.34
2080 Falun 20 2.841 0.216 4.28
2081 Borlange 20 2.240 0.202 2.79
2082 Sater 20 2.023 0.262 4.98
2083 Hedemora 20 2.146 0.240 4.27
2084  Avesta 20 6.268 0.201 2.94
2085 Ludvika 20 2.016 0.198 3.20
2101  Ockelbo 21 8.167 0.301 7.46
2104 Hofors 21 5.216 0.205 3.04
2121  Ovanaker 21 3.148 0.267 7.84
2132 Nordanstig 21 23.237 0.290 6.38
2161 Ljusdal 21 3.880 0.256 7.75
2180 Gaévle 21 49.720 0.186 2.50
2181 Sandviken 21 17.258 0.205 2.91
2182 Soéderhamn 21 14.637 0.216 4.10
2183 Bollnés 21 5.670 0.236 5.23
2184 Hudiksvall 21 17.373 0.225 5.11
2260 Ange 22 6.550 0.266 8.03
2262 Timra 22 37.096 0.226 4.14
2280 Harnosand 22 45.605 0.211 4.23
2281 Sundsvall 22 19.865 0.188 3.69
2282  Kramfors 22 34.127 0.269 4.62
2283  Solleftea 22 32.110 0.265 6.69
2284  Ornskoldsvik 22 32.733 0.262 4.98
2303 Ragunda 23 18.782 0.304 7.97
2305 Brécke 23 7.213 0.286 7.76
2309 Krokom 23 5.725 0.299 8.26
2313  Stromsund 23 10.631 0.281 8.98
2321  Are 23 5.416 0.264 7.55
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Table 8. (continued)

3705
Municipality Municipality name County Acsd,municip fshicld,municip  Hunter
code code
kBq/m? — %
2326 Berg 23 2.983 0.334 7.16
2361 Harjedalen 23 2.483 0.308 9.03
2380  Ostersund 23 3.995 0.156 5.12
2401 Nordmaling 24 28.631 0.310 7.84
2403 Bjurholm 24 23.759 0.335 8.64
2404 Vindeln 24 14.483 0.315 9.36
2409 Robertsfors 24 12.186 0.321 7.71
2417 Norsjo 24 5.487 0.302 14.25
2418 Mala 24 4.311 0.302 13.44
2421  Storuman 24 11.332 0.296 13.36
2422  Sorsele 24 6.919 0.308 13.34
2425 Dorotea 24 15.773 0.273 10.84
2460 Vannéis 24 17.939 0.271 5.58
2462  Vilhelmina 24 25.123 0.272 12.10
2463  Asele 24 25.562 0.276 11.79
2480 Umea 24 18.657 0.186 4.67
2481  Lycksele 24 14.951 0.236 10.04
2482  Skelleftea 24 3.805 0.237 6.94
2505  Arvidsjaur 25 2.112 0.265 13.00
2506 Arjeplog 25 2.705 0.283 14.46
2510 Jokkmokk 25 2.301 0.288 12.06
2513 Overkalix 25 2.529 0.312 11.36
2514 Kalix 25 1.797 0.285 9.03
2518 Overtornea 25 2.066 0.311 9.15
2521 Pajala 25 1.549 0.312 11.51
2523  Gallivare 25 2.018 0.205 9.20
2560 Alvsbyn 25 1.731 0.279 8.68
2580 Lulea 25 1.545 0.179 5.75
2581 Pitea 25 1.525 0.253 6.68
2582 Boden 25 1.893 0.215 7.61
2583 Haparanda 25 1.801 0.251 5.74
2584 Kiruna 25 1.768 0.182 9.53
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A.1.3 Coeflicients per tissue/organ

Table 9. Coefficients in the model for computation of external dose to tissue/organs for males included in
the calculation of i) Lifetime attributable risk (EPA, 2011) and ii) effective dose (ICRP, 2007). The
coefficients are derived from listed organ coefficients in ICRP (2020). The coefficients for Remainder
are calculated from the coefficients for the remaining organs, as described in Subsection A.3.

Organ EPA cancer ICRP risk kSEQ,organext @0 a1 as as

included and  site® organ®

defined in

ICRP 144

Adipose Residual Not defined — — — — —

Adrenals Residual Remainder 0.735 1.36 -0.0291 5.58x10~* 0

Brain Residual Brain 0.826 1.21 -0.0272 8.32x10~* 0

Breast Residual Breast 0.845 1.29 -0.0458 2.82x1073 -6.3x107°

Bronch-bas

gﬁ?ﬁlszic Lung Lung 0.741 143 -0.0415 1.01x1073 0

Al

Endost-BS

(Skeletal Bone Bone surface 0.923 1.10 -0.0102 2.54x10* 0

endosteum)

E%Eii E:ijg Remainder 0.865 1.22 -0.0223 5.68x10~4 0

Eye-lens Residual Not defined — — — — —

GB-wall Residual Remainder 0.715 1.42 -0.0273 3.23x107* 0

Ht-wall Residual Remainder 0.715 1.50 -0.0613 1.80x1073 0

Kidneys Kidneys Remainder 0.735 1.50 -0.0440 9.51x10~4 0

Liver Liver Liver 0.722 1.39 -0.0315 5.91x10~* 0

LN-ET

LN-Sys Residual Remainder 0.767 1.48 -0.0393 7.64x10~4 0

LN-Th

Muscle Residual Remainder 0.891 1.34 -0.0303 6.58x10~4 0

O-mucosa Residual Remainder 0.832 1.31 -0.0248 4.65x10~* 0

Oesophagus  Residual Oesophagus 0.715 1.51 -0.0603 1.74x1073 0

Ovaries Not defined Not defined — — — — —

P-gland Residual Not defined — — — — —

Pancreas Residual Remainder 0.702 1.53 -0.0475 1.04x1073 0

Prostate Prostate Remainder 0.767 1.51 -0.0268 6.61x10~° 0

R-marrow Leukemia Red marrow 0.748 1.34 -0.0203 1.54x10~% 0

RC-stem

LC-stem Colon Colon 0.767 1.38 -0.0218 1.40x10~* 0

RS-stem

S-glands Residual Salivary 0.878 1.29 -0.0327 9.16x10~4 0
glands

Sl-stem Residual Remainder 0.735 1.42 -0.0266 2.76x10~* 0

Skin Skin Skin 0.956 1.21 -0.0208 5.12x10~* 0

Spleen Residual Remainder 0.735 1.42 -0.0316 5.34x10~* 0

aQrgan/tissues included by EPA (2011) that are used for computation of lifetime attributable risk

(LAR).

bOrgan/tissues included by ICRP that are used for computation of organ absorbed dose and
effective dose.

'Represented by coefficients for Colon.

2Calculated from the remaining organs as described in Subsection A.3.
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Table 9. (continued)

EPA cancer

ICRP risk

Organ kSEQ,organ,cxt ag ai a2 as

included and  site?® organ®

defined in

ICRP 144

St-stem Stomach Stomach 0.722 1.35 -0.0187 6.56x10~° 0

Testes Residual Testes 0.917 1.37 -0.0472 1.43x1073 0

Thymus Residual Remainder 0.754 1.40 -0.0522 1.61x1073 0

Thyroid Thyroid Thyroid 0.819 1.20 -0.0203 5.03x10~* 0

Tongue Residual Not defined — — — —

Tonsils Residual Not defined — — — —

Total body All sites Not defined 0.767 1.38 -0.0218 1.40x10~* 0

UB-wall Urinary Urinary 0.754 1.52 -0.0416 7.72x10~* 0
bladder bladder

Ureters Residual Not defined — — — —

Uterus Not defined  Not defined — — — —

— Residual — 0.767 1.38 -0.0218 1.40x10~* 0

— — Remainder? 0.765 1.41 -0.0352 7.31x10~* 0

20rgan/tissues included by EPA (2011) that are used for computation of lifetime attributable risk

(LAR).

bOrgan/tissues included by ICRP that are used for computation of organ absorbed dose and

effective dose.

'Represented by coefficients for Colon.
2Calculated from the remaining organs as described in Subsection A.3.
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Table 10. Coefficients in the model for computation of external dose to tissue/organs for females included
in the calculation of i) Lifetime attributable risk (EPA, 2011) and ii) effective dose (ICRP, 2007). The
coefficients are derived from listed organ coefficients in ICRP (2020). The coefficients for Remainder
are calculated from the coefficients for the remaining organs, as described in Subsection A.3.

Organ EPA cancer ICRP risk kSEQ,organext @0 al as as

included and  site® organ®

defined in

ICRP 144

Adipose Residual Not defined — — — — —

Adrenals Residual Remainder 0.722 1.47 -0.0467 1.16x1073 0

Brain Residual Brain 0.832 1.26 -0.0415 1.42x1073 0

Breast Breast Breast 0.858 1.25 -0.0312 9.30x10~* 0

Bronch-bas

EZE?;I}LZEC Lung Lung 0819 1.31 -0.0433 1.38x10~3 0

Al

Endost-BS

(Skeletal Bone Bone surface 0.930 1.10 -0.0121 3.46x10~* 0

endosteum)

E%EZZJ ggzgg Remainder 0.852 1.22 -0.0221 5.44x10~* 0

Eye-lens Residual Not defined — — — — —

GB-wall Residual Remainder 0.741 1.39 -0.0310 5.70x10~* 0

Ht-wall Residual Remainder 0.774 1.35 -0.0491 1.58x1073 0

Kidneys Kidneys Remainder 0.761 1.44 -0.0445 1.13x1073 0

Liver Liver Liver 0.774 1.31 -0.0347 9.51x10~* 0

LN-ET

LN-Sys Residual Remainder 0.819 1.40 -0.0417 1.09x1073 0

LN-Th

Muscle Residual Remainder 0.891 1.30 -0.0195 2.30x10~* 0

O-mucosa Residual Remainder 0.852 1.36 -0.0415 1.18x1073 0

Oesophagus  Residual Oesophagus 0.748 1.41 -0.0523 1.58x1073 0

Ovaries Ovary Ovaries 0.748 1.41 -0.0359 7.67x10~* 0

P-gland Residual Not defined — — — — —

Pancreas Residual Remainder 0.754 1.42 -0.0396 9.43x10~4 0

Prostate Not defined  Not defined — — — — —

R-marrow Leukemia Red marrow 0.780 1.28 -0.0211 3.55x10~* 0

RC-stem

LC-stem Colon Colon 0.780 1.44 -0.0389 8.49x10~* 0

RS-stem

S-glands Residual Salivary 0.878 1.23 -0.0131 8.92x107° 0
glands

SI-stem Residual Remainder 0.767 1.45 -0.0462 1.20x1073 0

Skin Skin Skin 0975 1.19 -0.0214 5.96x10~* 0

Spleen Residual Remainder 0.793 1.28 -0.0237 4.87x10~4 0

a0rgan/tissues included by EPA (2011) that are used for computation of lifetime attributable risk

(LAR).

POrgan/tissues included by ICRP that are used for computation of organ absorbed dose and

effective dose.

'Represented by coefficients for Colon.
2Calculated from the remaining organs as described in Subsection A.3.
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Table 10. (continued)

Organ EPA cancer ICRP risk ksEQ,organext Q0 ay as as

included and  site?® organ®

defined in

ICRP 144

St-stem Stomach Stomach 0.806 1.24 -0.0266 7.21x10~* 0

Testes Not defined  Not defined — — — — —

Thymus Residual Remainder 0.780 1.32 -0.0411 1.27x1073 0

Thyroid Thyroid Thyroid 0.813 1.24 -0.0234 5.61x10~* 0

Tongue Residual Not defined — — — — —

Tonsils Residual Not defined — — — — —

Total body All sites Not defined 0.780 1.44 -0.0389 8.49x10~4 0

UB-wall Urinary Urinary 0.813 1.50 -0.0583 1.66x1073 0
bladder bladder

Ureters Residual Not defined — — — — —

Uterus Uterus Remainder 0.735 1.42 -0.0304 4.68x10~* 0

— Residual® — 0.780 1.44 -0.0389 8.49x10~% 0

— — Remainder? 0.788 1.37 -0.0364 9.04x10~* 0

20rgan/tissues included by EPA (2011) that are used for computation of lifetime attributable risk

(LAR).

bOrgan/tissues included by ICRP that are used for computation of organ absorbed dose and

effective dose.

'Represented by coefficients for Colon.
2Calculated from the remaining organs as described in Subsection A.3.
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Table 11. Absorbed dose rate coefficients €cs-137,organ,sex and €cs-134,organ,sex (Gy/(Bq s)) computation of
internal dose to tissue/organs for both sexes included in the calculation of i) Lifetime attributable risk
(EPA, 2011) and ii) effective dose (ICRP, 2007). The coefficients are retrieved from Isaksson et al.

(2021).

Male Female
Tissues EPA cancer ICRP risk 131Cs B7Cs 131 Cs B7Cs
listed site® organ®
in Isaksson
et al. (2021)
Adipose Residual Not defined — — — —
Adrenals Residual Remainder — — — —
Brain Residual Brain 7.733x1071¢  5.114x1071¢ 8.657x1071¢  5.741x10716
Breast Breast Breast 7.442x10716  3.906x1016 9.128x10716  4.799x1016
Bronch-bas
Bronch-sec p 02 Lung? 1.506x10~15  9.951x10~16 1.852x10715  1.209x 1013
Bchiol-sec
Al
Endost-BS
(Skeletal Bone Bone surface 2.057x1071  1.257x1071° 2.499x1071%  1.461x101°
endosteum)
ET1-bas Residual Remainderd - - o -
ET2-bas Residual
Eye-lens Residual Not defined — — — —
GB-wall Residual Remainder — — — —
Ht-wall Residual Remainder — — — —
Kidneys Kidneys Remainder 1.552x10715  9.139x10~1¢ 1.999x10715  1.150x10~%°
Liver Liver Liver 1.409%x10715  8.294x 10716 1.721x1071%  1.042x10~1°
LN-ET Residual Remainder® — — — —
LN-Sys Residual Remainder® — — — —
LN-Th Residual Remainder® — — — —
Muscle Residual Remainder — — — —
O-mucosa Residual Remainder — — — —
Oesophagus  Residual Oesophagus 1.203x10715  5.583x1071'6 1.576x10715  7.460x10~16
Ovaries Ovary Ovaries — — 1.935x10715  8.799x10~16
P-gland Residual Not defined — — — —
Pancreas Residual Remainder — — — —
Prostate Prostate Remainder 1.588x 10715  7.140x10~16 — —
R-marrow Leukemia Red marrow 1.836x10715  1.183x10715 2.273%x107  1.396x1071°
RC-stem
LC-stem Colon® Colon? 1.367x10715  7.970x10~16 1.856x1071%  1.028x10~1°
RS-stem
S-glands Residual Salivary 9.189x107'6  4.798x10~16 1.079x1071%  5.638x10716

glands

Sl-stem Residual Remainder — — — —

20rgan/tissues included by EPA (2011) that are used for computation of lifetime attributable risk
(LAR).

bOrgan/tissues included by ICRP that are used for computation of organ absorbed dose and
effective dose.

"'Weighted dose rate with weighting factors 0.4 (RC-stem), 0.4 (LC-stem), 0.2 (RS-stem) (ICRP,
2016).

2Weighted dose rate with weighting factors 1/6 (Bronch-bas), 1/6 (Bronch-sec), 1/3 (Bchiol-sec),
1/3 (Al) (ICRP, 2016).

3Sum of imparted energy rate divided by total mass of included tissues.

4Weighted dose rate with weighting factors 0.001 (ET1-bas), 0.999 (ET2-bas), included in Remain-
der (ICRP, 2016).

SWeighted dose rate with weighting factors 0.08 (LN-ET), 0.08 (LN-Th), 0.84 (LN-Sys), included
in Remainder (ICRP, 2016).

6 Arithmetic mean of dose rate to tissues included in Remainder (ICRP, 2007).
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Table 11. (continued)

Male Female
Tissues EPA cancer ICRP risk 131 (Cs B7Cs 31 Cs B7Cs
listed site? organ®
in Isaksson
et al. (2021)
Skin Skin Skin 7.484x107 16 3.698x1016 8.423x10~ 16 4.338x10°16
Spleen Residual Remainder — — — —
St-stem Stomach Stomach 1.247x10715  7.481x10716 1.568x1071%  9.214x10716
Testes Residual Testes 1.191x10715  5.613x10716 — —
Thymus Residual Remainder — — — —
Thyroid Thyroid Thyroid 1.149x10715  5.498x10~ 16 1.522x10715  7.633x10~16
Tongue Residual Not defined — — — —
Tonsils Residual Not defined — — — —
Total body All sites Not defined 1.554x1071%  1.083x10~1° 1.851x1071%  1.292x1071%
UB-wall Urinary Urinary 1.397x10715  6.362x10~1'6 1.608x10715  7.609x10~16

bladder bladder

Ureters Residual Not defined — — — —
Uterus Uterus Remainder — — 1.792x10~15  8.220x 10716
— Residual® — 1.603x10~15  1.144x10~1° 1.908x10~1%  1.362x10~1°
— — Remainder® 1.359x10715  7.726x10716 1.745x1071%  1.015x1071®
#Organ/tissues included by EPA (2011) that are used for computation of lifetime attributable risk
(LAR).

POrgan/tissues included by ICRP that are used for computation of organ absorbed dose and
effective dose.

"Weighted dose rate with weighting factors 0.4 (RC-stem), 0.4 (LC-stem), 0.2 (RS-stem) (ICRP,
2016).

2Weighted dose rate with weighting factors 1/6 (Bronch-bas), 1/6 (Bronch-sec), 1/3 (Bchiol-sec),
1/3 (Al) (ICRP, 2016).

3Sum of imparted energy rate divided by total mass of included tissues.

4Weighted dose rate with weighting factors 0.001 (ET1-bas), 0.999 (ET2-bas), included in Remain-
der (ICRP, 2016).

SWeighted dose rate with weighting factors 0.08 (LN-ET), 0.08 (LN-Th), 0.84 (LN-Sys), included
in Remainder (ICRP, 2016).

6 Arithmetic mean of dose rate to tissues included in Remainder (ICRP, 2007).
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A.2 Plots of age-dependent polynomials

A.2.1 korgan,sex Per organ as a function of age (age < 20)

Values of korgan,sex for external dose for children (age < 20) are modelled separately for different
organs and for female and male as a function of age by a polynomial. Coefficients of the polynomials
can be found in Table 9 and 10.

Figure 3. Values of korgan,sex for children (age < 20) for Adrenals.
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Figure 4. Values of korgan,sex for children (age < 20) for Brain.
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Figure 5. Values of korgan sex for children (age < 20) for Breast.
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Figure 6. Values of korgan,sex for children (age < 20) for Colon (RC-stem, LC-stem, RS-stem), All sites
and Residual.
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Figure 7. Values of korgansex for children (age < 20) for Endost-BS.
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Figure 8. Values of korgansex for children (age < 20) for ET (ET1-bas, ET2-bas).
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Figure 9. Values of korgan,sex for children (age < 20) for GB-wall.
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Figure 10. Values of korgan,sex for children (age < 20) for Ht-wall.
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Figure 11. Values of korgan,sex for children (age < 20) for Kidneys.
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Figure 12. Values of korgan,sex for children (age < 20) for Liver.
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Figure 13. Values of korgan,sex for children (age < 20) for Lungs (Bronch-bas, Bronch-sec, Bchiol-sec, AI).
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Figure 14. Values of korgan,sex for children (age < 20) for Lymph (LN-ET, LN-Sys, LN-Th).
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Figure 15. Values of korgan,sex for children (age < 20) for Muscle.
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Figure 16. Values of korgan,sex for children (age < 20) for O-mucosa.
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Figure 17. Values of korgan,sex for children (age < 20) for Oesophagus.
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Figure 18. Values of korgan,sex for children (age < 20) for Ovaries.
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Figure 19. Values of korgan,sex for children (age < 20) for Pancreas.
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Figure 20. Values of korgan,sex for children (age < 20) for Prostate.
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Figure 21. Values of korgan,sex for children (age < 20) for R-marrow.

—— Female
— Male

09 10 11 12 13 14 15

o -
o
=
o
=
(&)]
N
o

Age (years)

Figure 22. Values of korgan,sex for children (age < 20) for Remainder.
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Figure 23. Values of korgan,sex for children (age < 20) for S-glands.
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Figure 24. Values of korgan,sex for children (age < 20) for SI-stem.
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Figure 25. Values of korgan,sex for children (age < 20) for Skin.
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Figure 26. Values of korgan,sex for children (age < 20) for Spleen.
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Figure 27. Values of korgan,sex for children (age < 20) for St-stem.
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Figure 28. Values of korgan,sex for children (age < 20) for Testes.
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Figure 29. Values of korgan,sex for children (age < 20) for Thymus.
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Figure 30. Values of korgan,sex for children (age < 20) for Thyroid.
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Figure 31. Values of korgan,sex for children (age < 20) for UB-wall.
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Figure 32. Values of korgan,sex for children (age < 20) for Uterus.
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A.2.2 Weight as a function of age (age < 20)

Weight of children (age < 20) is modelled separately for female and male as a function of age by
a polynomial. Coefficients of the polynomials can be found in Table 3.
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Figure 33. Weight of children (age < 20)
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A.3 Calculation of coefficients for remainder

The external absorbed dose for remainder is calculated as an average external absorbed dose to the
remaining organs. In our model, this is equivalent to calculating the external dose for the remainder
directly using the coefficients derived from the coefficients of the remaining organs listed in Table
9 and Table 10. The calculation of the coefficients is presented below:

1 13
Dext, remainder(tia ti+1) :ﬁ § Aesd,municip ' dCS : d)Kerma/H : anow,county : kSEQ, organ,sex,ext
organ=1

tit1
: (fout + (1 - fout) . fshield,municip) ‘ / korgan,sex(age(t)) : T(t) dt
t

i

13

t.
1 i1
:B Z Cmunicip, county kSEQ, organ,sex,ext korgan,sex(age(t)) . T(t) dt
organ=1 2
13
1
:Cmunicip, county ° T3 § kSEQ, organ,sex,ext”
organ=1

tir1 .
/ (@0,0rg + @1,0rg - a8E(t) + Q2,01  age(t)” + a3,org - age(t)®) - 7(t) dt
t

i

13
1
:Cmunicip, county * T E kSEQ, organ,sex,ext "’
organ=1

tiga tit1
</ @o,org T(t) dt + / a1 .org * age(t) . T(t) dt
t; t:

i

tit1 tit1
+ / a2,org * age(t)2 -r(t) dt + / as org * age(t)3 -7 (t) dt)
t t

i i

:Cmunicip, county”

1 13 tit1
Tg Z kSEQ, organ,sex,ext * @0,org / T(t) dt

organ=1 t;
1 13 tit1
+ T3 Z kSEQ, organ,sex,ext * @1,org / age(t) : ’I“(t) dt
organ=1 ti
1 13 tit1
+ — Z kSEQ, organ,sex,ext * 42 org * / age(t)2 : T(t) di
13 .,
organ=1 i
1 13 tit1 3
+ TS Z kSEQ, organ,sex,ext * @3,org / age(t) : T‘(t) dt
organ=1 ti

:Cmunicip, county ° kSEQ,remainder,sex@xt'

13

1 1 fe
Tg Z kSEQ, organ,sex,ext * @0,org * /t T(t) dt

kSEQ,remainder,sex,ext

organ=1 i
1 1 13 tit1
+ = § kSEQ, organ,sex,ext * @1,org ° / age(t) . ’I"(t) dt
13 kSEQ,rcmaindcr,scx,cxt _ t:
organ=1 N
1 1 13 tiy1 9
+ —- E kSEQ, organ,sex,ext - 42 org * / age(t) ' T(t) de
13 kSEQ,remainder,sex,ext organ=1 t;
1 1 - B 5
—+ 1—3 . i - E kSEQ, organ,sex,ext * @3,org * / age(t) : T(t) de
SEQ,remainder,sex,ext organ=1 t;

:Cmunicip, county * kSEQ,remainder,sex@xt'

Lita tit1
<a0,rem : / () dt + a1,rem - / age(t) - r(t) dt
t t

i i
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tit1 tit1
+ a2 rem - / age(t)? - r(t) dt + as rem ° / age(t)® - r(t) dt)
¢ t

:Cmunicip, county * kSEQ,remainder,sex,ext'

tit1
/ (a0rom - +1om - 880(t) + @2.vom - 28e(t)? - +3.0m - age(t)?) - 7(8) dt,
t

i

where

C'municip7 county — Aesd7municip : dCs . ¢Kerma/H . anow,county . (fout + (1 - fout) . fshield,municip)

13
kSEQ,remainder,sex,ext = E § kSEQ, organ,sex,ext
organ=1

1 1 13

a0,rem = 75 ° k E kSEQ, organ,sex,ext * @0,org>
13 SEQ,remainder,sex,ext organ=1
1 1 13

a1,rem = 75 ° § kSEQ, organ,sex,ext * @1,org,
13 kSEQ,remainder,sex,ext organ=1
1 1 13

a2 rem = 75 ° E kSEQ,organ,sex,ext + 42 org,
13 kSEQ,remainder,sex,ext organ=1
1 1 13

a3 rem = 75 ° k § kSEQ,orgamsex,ext + a3 org-
13 SEQ,remainder,sex,ext organ=1
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A.4 LAR coefficients

A.4.1 Organ cancer risk coefficients

Table 12. LAR for cancer incidence® by age at exposure for males. The coefficients are from Table 3-12a in
EPA (2011). In addition, we set coefficient to 0 at age 100. N.B. A Dose and Dose Rate Effectiveness
Factor (DDREF) of 1.5 is applied by EPA for all cancer sites other than leukemia, bone, and skin.

Nonfatal skin cancers are excluded.

Cancer site

Age at exposure

0 5 10 15 20 30 40 50 60 70 80 100
Stomach 168.0 139 114.0 94.0 77.0 51 48.0 43.0 35.0 24.0 12 0
Colon 342.0 292 248.0 210.0 179.0 129 126.0 117.0 97.0 65.0 29 0
Liver 103.0 86 71.0 59.0 49.0 34 33.0 29.0 24.0 17.0 9 0
Lung 320.0 268 222.0 185.0 154.0 108 107.0 104.0 90.0 65.0 35 0
Prostate 198.0 172 148.0 127.0 110.0 82 83.0 80.0 61.0 30.0 9 0
Urinary bladder 219.0 188 159.0 135.0 116.0 84 84.0 81.0 71.0 50.0 24 0
Thyroid 123.0 107 58.0 32.0 23.0 11 5.0 2.0 1.0 0.0 0 0
Residual 1180.0 653 498.0 394.0 313.0 199 174.0 142.0 101.0 58.0 24 0
Kidneys 102.0 955 44.0 37.0 31.0 22 20.0 16.0 11.0 6.0 2 0
Bone 10.4 8 6.1 4.6 3.5 2 1.1 0.6 0.3 0.1 0 0
Skin 1720.0 917 484.0 256.0 136.0 38 10.0 3.0 1.0 0.0 0 0
Solid 2760.0 1970 1570.0 1280.0 1050.0 722 682.0 616.0 492.0 314.0 144 0
Leukemia 193.0 142 112.0 97.0 89.0 78 79.0 83.0 88.0 87.0 64 0
All sites 2950.0 2110 1680.0 1370.0 1140.0 801 761.0 699.0 580.0 402.0 208 0
LCases per 10 000 person-Gy.
Table 13. LAR for cancer incidence’ by age at exposure for females. The coefficients are from Table
3-12b in EPA (2011). In addition, we set coefficient to 0 at age 100. N.B. A Dose and Dose Rate
Effectiveness Factor (DDREF) of 1.5 is applied by EPA for all cancer sites other than leukemia, bone,
and skin. Nonfatal skin cancers are excluded.
Cancer site Age at exposure
0 5 10 15 20 30 40 50 60 70 80 100
Stomach 212.0 175 144.0 118.0 97.0 64.0 61.0 55.0 46.0 33.0 18 0
Colon 225.0 193 164.0 139.0 118.0 84.0 82.0 76.0 65.0 46.0 23 0
Liver 57.0 47 39.0 32.0 26.0 18.0 18.0 16.0 14.0 10.0 6 0
Lung 785.0 660 552.0 462.0 387.0 272.0 269.0 255.0 217.0 150.0 79 0
Breast 1260.0 982 761.0 588.0 454.0 265.0 146.0 72.0 32.0 12.0 4 0
Uterus 66.0 55 46.0 38.0 31.0 21.0 19.0 16.0 12.0 8.0 4 0
Ovary 91.0 77 64.0 53.0 45.0 31.0 28.0 24.0 17.0 11.0 5 0
Urinary bladder 221.0 189 161.0 137.0 116.0 84.0 83.0 78.0 67.0 48.0 24 0
Thyroid 386.0 352 196.0 106.0 73.0 30.0 12.0 4.0 1.0 0.0 0 0
Residual 1410.0 707 534.0 422.0 336.0 213.0 184.0 151.0 112.0 69.0 31 0
Kidneys 133.0 53 41.0 34.0 28.0 20.0 17.0 14.0 10.0 5.0 2 0
Bone 10.4 8 6.1 4.7 3.6 1.2 0.6 0.3 0.1 0 0
Skin 972.0 517 273.0 144.0 76.0 21.0 6.0 2.0 0.0 0.0 0 0
Solid 4850.0 3500 2710.0 2130.0 1720.0 1100.0 920.0 764.0 594.0 393.0 195 0
Leukemia 173.0 117 88.0 75.0 69.0 60.0 61.0 63.0 65.0 63.0 47 0
All sites 5020.0 3620 2800.0 2210.0 1780.0 1160.0 981.0 &827.0 659.0 456.0 242 0

LCases per 10 000 person-Gy.
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A.4.2 Plots of LAR coefficients by age

Figure 34. LAR for cancer incidence to All sites (per 10 000 person-Gy) by sex and age at exposure.
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Figure 35. LAR for cancer incidence to Bone (per 10 000 person-Gy) by sex and age at exposure.
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Figure 36. LAR for cancer incidence to Breast (per 10 000 person-Gy) by age at exposure.
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Figure 37. LAR for cancer incidence to Colon (per 10 000 person-Gy) by sex and age at exposure.
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Figure 38. LAR for cancer incidence to Kidneys (per 10 000 person-Gy) by sex and age at exposure.
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Figure 39. LAR for cancer incidence to Leukemia (per 10 000 person-Gy) by sex and age at exposure.

Sex — Female — Male

200

150

100

50

LAR coefficients for Leukemia

D% = s ®» s %5 s % s ¢ s ¢ s s s 8o 2808080828528 @5 8083882820808 888@3s%88283m

0 10 20 30 40 50 60 70 80 90 100
Year

45



Figure 40. LAR for cancer incidence to Liver (per 10 000 person-Gy) by sex and age at exposure.
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Figure 41. LAR for cancer incidence to Lung (per 10 000 person-Gy) by sex and age at exposure.
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Figure 42. LAR for cancer incidence to Ovary (per 10 000 person-Gy) by age at exposure.
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Figure 43. LAR for cancer incidence to Prostate (per 10 000 person-Gy) by age at exposure.
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Figure 44. LAR for cancer incidence to Residual (per 10 000 person-Gy) by sex and age at exposure.
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Figure 45. LAR for cancer incidence to Skin (per 10 000 person-Gy) by sex and age at exposure.
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Figure 46. LAR for cancer incidence to Solid (per 10 000 person-Gy) by sex and age at exposure.

Sex — Female — Male

5000

4000

3000

2000

LAR coefficients for Solid

1000

D ® s s *s & s s = s s *» & 8 5 @ 8 85 @ ® oW R E oE oE A A E A EE A A AN RN EEAawE T

0 10 20 30 40 50 60 70 80 90 100
Year

Figure 47. LAR for cancer incidence to Stomach (per 10 000 person-Gy) by sex and age at exposure.
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Figure 48. LAR for cancer incidence to Thyroid (per 10 000 person-Gy) by sex and age at exposure.
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Figure 49. LAR for cancer incidence to Urinary bladder (per 10 000 person-Gy) by sex and age at exposure.
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Figure 50. LAR for cancer incidence to Uterus (per 10 000 person-Gy) by age at exposure.
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