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» Hiroshima and Nagasaki ‘A’ bomb survivors

44 635 individuals, 11% solid cancer attributable
Preston et al Radiation Research 2007

» UK National Registry of Radiation Workers
(NRRW)

174, 541 individuals
Muirhead et al Brit J Cancer 2008




Leukaemia in the NRRW /.N

‘A’ bomb survivors s

Figure 1 Trends with dose in relative risk (and 90%Cl) for
mortality from leukaemia excluding CLL -
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Figure 2 Trends with dose in relative risk (and 90%ClI) for
mortality from all malignant neoplasms excluding leukaemia
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Can risks from external exposure be applied to
Internal exposures ?

Chronic not acute delivery of dose

Uptake in specific organs / tissues / cells / organelles

Short range emissions

Density of ionisation / RBE

Dose averaging
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Extrathoracic airways

Bronchial

Bronchiolar
Alveolar interstitial
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Radon induced lung cancer

- Mines

> 4 Homes

Study poolings : USA
Europe

China
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Compare lung cancer risk in miners

2.83 x 104 per WLM

with total detriment from cancer and hereditary
effects from Pub 60 (1991):

5.6 X 102 per Sv 5 mSv per WLM

7.3 x 102 per Sv 4 mSv per WLM
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Compare lung cancer risk in miners

5x 104 per WLM

with total detriment from cancer and hereditary
effects from Pub 103 (2007):

4.2 x 102 per Sv 12 mSv per WLM

5.7 x 102 per Sv 9 mSv per WLM
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12 mSv per WLM

Epidemiological = Dosimetric
conversion calculation

Alternatively:

Risk per Sv for radon induced lung cancer
corresponds to risk per Sv for lung cancer derived
from the A bomb data
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Radon

Thorotrast

Radium isotopes

Plutonium-239
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Lung cancer

Liver cancer &
L eukaemia

Bone cancer

Lung (liver &
bone cancer)
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Revised nominal risk factors

Changes to radiation and tissue
weighting factors, w and w;

Adoption of defined phantoms

Sex-averaging in calculation of effective dose

Clarity on intended use of ICRP quantities
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New dose coefficients - external and internal
- workers and public

Using :

» Revised radionuclide decay data

> Reference anatomical models

> New / revised biokinetic and dosimetric models




Intake by
Inhalation or ingestion

Mean absorbed dose, D; g
In an organ or tissue

Equivalent dose, H-,
In an organ or tissue

Effective dose, E
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Biokinetic and
Dosimetric Models

Radiation-weighting
factors, wg

Tissue-weighting
factors, w;

)
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Male Intake Female

Phantom or exposure Phantom
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Data consistent with assumption of RBE of 10 - 20
for liver and lung cancer

Low RBE of around 1 for leukaemia and < 10 for
bone cancer

Threshold may apply to specific cancer types

use single for alpha
particles compared with single value of 1 for low LET
radiations — to calculate ICRP equivalent dose
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Cases per 10° exposed to a single dose of 10 mGy (BEIR VII)

Cancer site Age at exposure, years

\WEHEIS Females
20 60 0 20 60

Breast - - 1171 429 31
Colon 173 94 220 114 62
Liver 30 14 28 14
Lung 149 89 /33 346
Thyroid 21 0.3 634 113
Leukaemia 06 82 185 71
All cancers A777 1646 586
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bone surface, skin, brain, salivary glands

bladder, liver, oesophagus, thyroid

gonads

bone marrow, colon, lung, stomach,
breast, remainder

)
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FOR =» protection purposes

Sum doses from different radionuclides and
external exposures

Limits, constraints, reference levels

Reference Persons

NOT FOR = best estimates of dose and risk

)
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Arguable that the effort involved in improving
models and dose calculations in not warranted for
the calculation of equivalent and effective dose

ICRP biokinetic and dosimetric models are
also used for :

= epidemiology
=» probability of cancer causation

The methods used are subject to
continuing scientific scrutiny
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Newborn female  9-month male  4-year female 8-year female 11-year male 14-year male
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1.5 T MR Image — 21 week
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CBIST (Chord-Based Infinite Spongiosa Transpotrt) VBIST (Voxel-Based Infinite Spongiosa Transpotrt)

Macrostructure: Macrostructure:
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- Revisions to respiratory tract model

 New alimentary tract model

 New systemic models for some elements
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Particle transport
Nasal passage
Bronchial tree (slow phase)
Alveolar region

Absorption to blood

Material specific parameter values for 20-30 materials
(mainly H, Th, U, Pu, Am)

Default Type F, M, S parameter values, based on
experimental data

Element-specific values of rapid dissolution
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lumen of intestine

lamina propria
(smooth muscle)
(capillary network) |

Target cells

stem cell position

arteriole venule Q
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Epidemiological studies

Experimental studies

Model development

Uncertainties
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Mayak workers
» Around 19,000 first employed between 1948 and 1972
» Lower doses to later employees
» Plutonium as well as external exposures

Extended Techa River Cohort (ETRC)

» Around 30,000 people born before 1950, resident at
any time during 1950 — 1960

» Strontium as well as external exposures
Techa River Offspring Cohort

» Around 24,000 people born 1950 or later, having an
ETRC parent; 6,000 exposed in utero
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ICRP dose coefficients
> Reference values BUT
» Underlying data subject to uncertainty

» Important to understand the reliability of
protection

Epidemiological studies

» Uncertainties on organ / tissue doses for
Individuals

)
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Evidence that current methodology of dose estimation for

Internal emitters provides adequate assessment of risk
| CRP strong on model development for internal dosimetry
| CRP protection quantities are not intended as best

estimates of dose and risk BUT
| CRP models are used for other purposes including
individual risk estimation and epidemiological studies
Future research findings will help in model development,
strengthening the reliability of dose and risk estimation
and of the ICRP quantities
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