Health risk assessment: from
Chernobyl to Fukushima

Ramazzini Days: October 30, 2011
David Hoel
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“high dwellings ensure the peace and happiness of our descendants.”




Figure I. Formation of plumes by meteorological conditions for instantaneous releases on the dates and at the times (UTC)
indicated [B24]
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Figure V1. Surface ground depositien of caesium-137 released in the Chernoby| accident [I1, 13].
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Cesium 137 Deposition

Empirical Bayesian Kriging
Prediction Map
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Cs 137 Comparisons using similar scales. Chernobyl map is 3 yrs post accident.
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Cesium 137 Deposition

Empirical Bayesian Kriging
Prediction Map
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TOTAL ACTIVITY OF RADIONUCLIDE (PBqg)
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Country-wide average first-year committed effective dose equivalents from the Chernobyl accident.
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Country-wide average infant thyroid dose equivalents from the Chernobyl acci



Figum V. The estimated average thymid doses to chikdren and adolescents living at the time of the accident in the most affocted regions of Bolarus, the Russian Fedemtion and
Ukraina [118, K22, K25, L4, 28]
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Fukushima Dai-ichi NPP
Monitoring Site 2 at 58 kmm NW of the NPP
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Table 1. Estimates of mean effective doses (mSv) for population groups of interest (Cardis et al
1996, UNSCEAR 2000).

Approximate size Mean effective dose

Population of population (mSv)
Liquidators (1986—1987, 30 km zone) 240000 100
Evacuees of 1986 116000 33
Persons living in contaminated areas:

Deposition density of 1*'Cs > 37 kBgm ™ 5200000° 10°

Deposition density of 1*'Cs > 555 kBgm™~° 270000 s0°

220,000 additional evacuated after 1986 bExposures over 20 years

From: Cardis et al. 2006 J Radiol. Prot. 26:127-140

Fukushima Evacuees:
Compulsory < 20 km 42,000,
Voluntary 20-30 km 43,200
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Thyroid Cancer and Ionizing Radiation
(childhood exposures, ERR per Gy)

Pooled External Cohorts (Ron) 7.7 (2.1, 29)
Case-Control (Cardis) 4.5 (1.2,7.8)
Cohort study (Tronko) 5.2 (1.7,27)

Linear dose-response up to about 2 Gy

3X for iodine deficient and for iodine supplements.

Autoimmune Thyroiditis and Hypothyroidism

* Ostroumova et al showed a linear dose-response approaching 0.16 Gy
for subclinical hypothyroidism with an excess odds ratio of 10% at 1
Gy. (Cross sectional of 12,000 with a mean dose 0.8 Gy and thyroid
doses measured within 8 weeks)

* Inthe same population, Tronko et al showed no relationship with
dose and AIT but a dose response for ATPO.

* No effects among the Hanford population (Davis et al) (mean dose
0.17 Gy)

Pulmonary Function



Cases of Thyroid Cancer 1986 to 2002
Exposures Ages 0 to 18

Cases Population
Belarus 2010 2,300,000
Russia (4 regions) 483 1,100,000
Ukraine 2344 11,000,000
Total 4837 14,400,000

From individual country cancer registries in 2006



Cancer Risks (using BEIR V)

Increase in Cancer Mortality

Dose male female
1 mSv each year 1.3% 1.7%
5 mSv each year 6.5% 8.5%
25 mSv per year 18 to 65 17.5% 21.3%

note: Dose rate effectiveness factor of 2 was applied.



30 year Medical follow-up of Fukushima residents

Purpose is

1) To address health needs
2) Confirm low-dose effects e.g. thresholds and hormeses.

* Questionnaires to all Fukushima residents (2 million) about risk factors and
locations for dose reconstruction

* Thyroid exam for the 380,000 children under 18 years of age

e Medical exams for the 200,000 evacuees
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Figure X, Surface ground deposition of cassium-117 meleassd in Eurcps afler the Charnobeyd accident [013],
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Cesium 137 Deposition
Empirical Bayesian Kriging
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Bg/m? of Cs-137 yields p Gy/hr
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