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'> Inhabitants in 7 out of 21 counties in Sweden

B .60 years old 1986
.> Same address, Dec 31, 1985 and Dec 31, 1987
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MH-IRR and ERR adjusted for:

A. Population density by parish
B. Population density by municipality (H-regions)

C. Lungcancer 1988-1996 by municipality (proxy
for smoking)

D. Total cancer incidence 1986-1987
(geographic difference)



Population and cancer cases by parish exposure

Cs-137 kBg/m* Population 1988 Cancer cases
(parishes) (%) 1988-1996
<3 (117) 359,509 (31.4) 6,691
3-20  (240) 527,812 (46.2) 10,378
30-39  (41) 92,323  (8.1) 1,827
40-39 (42) 124,862 (10.9) 2,744
60-79  (9) 21625 (1.9) 401
80-120 (1) 17,051 (1.5) 368

Total 1,143,182 (100.0) 22,409
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Conclusion

ﬁ) Unless attributable to chance or remaining
uncontrolled confounding, a slight exposure

related increase in total cancer incidence
has occurred in northern Sweden after the
Chernobyl accident.
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l} Inhabitants in 8 out of 21 counties in Sweden

B 0-60 years old 1986
I} Same address, Dec 31, 1985 and Dec 31, 1987

Dwelling coordinate (100 m) National Land Survey of Sweden

Digital maps (200 x 200 m) Geological Survey of Sweden (TGR)
and Swedish Radiation Protection Authority (Cs-137)

GIS-technique to match dwelling coordinate with TGR and Cs-137

Categories for TGR and Cs-137 with the same proportions of
population (30-25-20-15-5-5%)



Analogue map with isolines Digital map 200 x 200 m

11-20 21-30  31-40 4160  61-80  81-200
Cs-137 kBg/m?



MH-IRR and ERR adjusted for:

A. Population density by parish
B. Population density by municipality (H-regions)

C. Lungcancer 1988-1999 by municipality (proxy
for smoking)

D. Total cancer incidence 1986-1987 (geographic
difference)

E. Terrestrial Gamma Radiation (TGR)
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Conclusion

I} Increase in the incidence of total malignancies
related to increasing caesium radiation in the
time period 1988-1991 which contributes to
the increase in the follow-up period 1988-
19909.

After control for confounding factors this
Increase can be seen in MH-IRR, EAR and
ERR.




& Total cancer incidence in relation to 13’Cs
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Free of cancer at start of folbow-up
I, Jamuary 19597 and complete informa-
tion on cumulative exposure 1986-1950

n= 734537
Man-nural, n= 552,631 Rural (n = 181 .906)
CanCer Cases Mo Cancer Cancer cases Mor Cancer
n=62778] in =483 851) in=1%717] (n=162189)

Figure 1 Sample selection in a study of the effect of cumulative caesium-137 exposure from the 18986 Chemobyl nuclear
accident on cancer rates in three counties in Sweaden, 1991-2010
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Cumulative exposure

137Cs kBg/m?

Cancer 1991-2010

Adjusted HR*

1986-1990 (n) (95% Cl)
Q1 0.00 - 45.40 19,772 1.00 (ref)
Q2-3 45.41 - 118.80 41,257 1.03 (1.01 - 1.05)
Q4 118.81 - 564.71 21,466 1.05 (1.03 - 1.07)

*age, sex, residence, pre-Chernobyl incidence 1980-1985




Conclusion
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* a small overall exposure — response pattern of the
total cancer incidence related to a 5-year cumulative
137Cs exposure based on the place of residence

« given the limitations in our exposure assessment,
small risk estimates and overlapping Cls, we cannot
claim causal inference




Counties 7 8 3
Individuals 1,143,182 1,137,106 734,537
Follow-up (years) 1988-96 (9 y) 1988-99 (12 y) 1991-2010 (20 y)
Malignancies 22,409 33,851 82,495
Person-years 10,115,849 13,391,362 12,672,699
Exposure by Parish 1986-87 Coordinate 1986-87 | Coordinate 1986-90
Exp to Cs-137 kBg/m? nGy/h kBqg y/m?2
Confounding Age, pop density x 2, lung as JECH + TGR Age, sex,

factors

cancer, cancer pre-
Chernobyl

urban/rural, cancer
pre-Chernobyl

Risk estimates

Time periods

ERR per 100
kBqg/m? (95% CL)

MH-IRR, Poisson
regression-RR, EAR, ERR

one

0.11
(0.03:0.20)

MH-IRR, ERR, EAR

three

0.10
(0.00:0.23)

HR

one

Exp related cases

849 (3.79%)

1,278 (3.78%)

2,401 (2.91%)
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Aims

Develop algorithms for calculating projected
lifetime effective dose for hunters and their
family members (internal and external doses)
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Method

Licence for a Hunter Family
Total population hunting sample members to
County (n=803,702) weapon (n=30) hunters
(n=15,689) (n=55)
Mean Mean Mean Mean
(n) age (n) age (n) age (n) age
Vasternorrland | 261,081 | 40.65 [5,999| 49.10 10 | 51.00 | 18 | 28.56
Uppsala 254,932 | 37.40 (3,782 | 49.28 10 | 46.80 | 15 | 35.00
Gavleborg 287,689 | 40.74 |[5,908| 48.01 10 | 42.70 | 22 | 27.91




UPPSALA
UNIVERSITET e o

External dose: Internal dose:
« 134Cs, 137Cs, short-lived « 134Cs, 137Cs
* Occupancy factor « Transfer to internal dose
« Shielding snow, building * age
« Physical decay ¢ Sex
« Migration and weathering *  Weight
1986.33+TLife
Eie cs-137 = {Aesa-des-fes137(0) -1(8)- @ m-Fsnow - Frot- [ Fout + (1~ Fou)Fen

1986.33
+0.0014 Agsq(county) - Tug peak K] _ e—(ang].]]-(l—1986.33]) . (0'9_e—(InZ_,x]‘2]-(1—1986.33]) 1011 _e—(InZ_,GO]-(1—]98633]} o111 -ks}dd

(14)

Projected lifetime effective doses, E,; (mSv) cumulated for each individual
to 79.9 y for men and 83.7 y for women, respectively




8 _
> 7 -
(7))
£
ur 6 -
o) B Internal caesium
)
g 5-
g B External short-lived
-g 4 - nuclides
v .
) @ External caesium
() 3 -
£
©
e
1 2 A
1 _
0 _

Vasternorrland  Uppsala Gavleborg




O Gavleborg - - - - -

12 7 eUppsala--- - A
UPPSALA A
UNIVERSITET
’;‘ AVasternorrland — - - - - A ‘A
D10 + A L
£ AA 7
£ ,A -
W] L A
g ° i
. A

8 A ok
@ /A Ap o A
> 6 - A A OO
- A® 00
8 ! ‘l@ _ - -065 - 00
D A @6 0° "8
O 4 | / /Q B0 Sttt 0 ........ 0 .

P {oX ® o
S 7 o O
-— / ,O’ e OO o
f‘g / ’ ¢ <0 ®)
- 2 4

5
0 .’f

1880 1900 1920 1940 1960 1980 2000
Year of birth




Conclusion

* Possible to use register data to develop
algorithms for calculating projected lifetime
effective dose for hunters and their family
members

* The lifetime dose for the individuals is dominated
by the internal-dose contribution, basically driven
by county, male sex and age
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