





Doses from Radiation Exposure

> Health Effects

« Stochastic Effects - radiological protection in the low dose range is mainly concerned with
protection against radiation-induced cancer and heritable diseases.

= Probabilistic effects, with no threshold and increase in frequency in proportion with the dose
= Effective dose (Sv) is the proper quantity to assess

- Deterministic Effects causing tissue reactions at high doses (e.g. emergency situations).
= Damage occurs above threshold doses.

= Absorbed dose (Gy) is the proper quantity to assess

= When high-LET radiations (e.g. neutrons, alpha particles) are involved: an absorbed dose,
weighted with an appropriate RBE (Relative Biological Effectiveness), should be used
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Dose Quantities

» Absorbed dose D:

The energy absorbed per unit mass:

D

_ds
-~ dm

gray (Gy); 1 Gy =1 J kg™

Where de¢is the mean energy imparted by ionising radiation to the matter in a volume element of mass dm
dm is the mass of the matter in this volume element.

The absorbed dose D in general is averaged over a target region r; (organ or tissue) being the organ

absorbed dose D;.

It is assumed that the mean value of the absorbed dose in an organ/tissue is correlated with radiation

detriment from stochastic effects
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Doses from Radiation Exposure

> Effective Dose: most relevant quantity for dose assessment in radiological protection

« To relate radiation dose to radiation risk (detriment), taking into account variations in

= the biological effectiveness of radiations of different quality
v Wg: radiation weighting factors - differences in the effect of radiations in causing stochastic effects

= the sensitivity of organs and tissues to ionizing radiations

v Wq: tissue weighting factors - variations in radiation sensitivity of different organs/tissues to the
induction of stochastic effects

« Calculation of Effective Dose:

= To average absorbed dose over specified organs and tissues, applying proper wg weighting factors
to give equivalent dose.

= Values of equivalent doses to organs and tissues weighted for the radiosensitivity of these organs
and tissues (using wy) are then summed to give the effective dose
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Dose Quantities

» Equivalent dose Hy: A weighted sum of absorbed doses in an organ or tissue “T”, determined
by taking the sum of the products of the absorbed doses D, + due to different radiation types
“R” and the appropriate radiation weighting factors (wg):

R Hy = Wg -Dgry
R

The Sl unit for equivalent dose to an organ or tissue is the sievert (Sv); 1 Sv =J kg™.

ICRP 103. Radiation Type Radiation Weighting Factor wg

Wi averaged

over both sexes I notons 1

and all ages. Electrons and muons 1

Only refers to Protons and chargend pions 2

stochastic effects. Alpha particles, fission fragments, heavy ions 20

st:gr:gntal Neutrons Continuous function of neutron energy
RBE data All values relate to the radiation incident on the body or for internal radiation sources

IERP emitted from the incorporated radionuclides 6
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Dose Quantities

» Effective dose E: risk-related quantity for assessment of detriment from radiation-induced stochastic
effects. It is a weighted mean value of the equivalent doses to a selected number of target tissues for
which explicit tissue weighting factors w; are recommended.

Sex-averaged organ equivalent doses are used for its calculation:

M F
E=sw, 20

T

Bone marrow (red), Colon, Lung, 0.12 0.72
The Sl unit for effective dose is the sievert (Sv). Stomach, Breast, Remainder tissues

- Sum over all organs and tissues considered to Gonads 0.08 0.08

be sensitive to the induction of stochastic effects Bladder, Oesophagus, Liver, Thyroid 004 016

. . _ 13
- Remainder tissues: H . = 1_132 H, Bone surface, Brain, Salicary glands,  0.01  0.04
1

Skin

- W, averaged over both sexes and all ages Total 1.00
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Dose Quantities

» Internal Exposures
Radiation sources (where incorporated radionuclides have accumulated) are inside the body and irradiation
continues as long as the radionuclides remain inside the body, at a rate that changes with time.

The dose rate to the target region r; delivered by each source region rg is integrated over a given time period z

after intake: r :

Hy(7) = [Hp(t)dt = 3 [Alrs,t) S, « rs,t)dt

where ° 0

HT(t) equivalent dose rate in the target organ or tissue r; at time £
A(rs,t) activity (in Bq) in the source region rg at time {;

S.(rr<s,t) mean equivalent dose rate to target region ry_at time ¢ per unit activity present in source region rs,

Time-integrated quantity H;(7) Sv is the committed equivalent dose = dose to the target organ due to
the initial intake and received over a time period = 50 years (adults) and to the age of 70 years (children).

j j _ H "“*(7)+HTFema' ;
The committed effective dose E(D) = Yrw, [= (D . (D ] (S;(c;:'r)r(] ri\i,t?er?jgeesuggaerr]\t
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Dose Limits recommended by ICRP

e Dose limits function in combination with the RP principles of justification and optimisation.
e Dose limits apply to doses received above the local natural background radiation

e Limits on effective dose, combined with optimisation of protection, are designed to avoid a risk of
stochastic effects that would be considered intolerable in a planned exposure situation.

e Limits on equivalent dose to an organ, combined with optimisation of protection, are designed to prevent
the occurrence of deterministic effects.

e Dose limits apply only in planned exposure situation.

e |n other situations, restrictions on individual dose and reference levels are defined, providing the
additional flexibility needed in emergency and existing exposure situations to make sure protection is
optimised.

e Dose limits do not apply to medical exposures of patients. The focus here is on justification of medical
procedures and optimisation of protection.
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ICRP Committee 2 - Doses from Radiation Exposure

TG 112 — Emergency Dosimetry - v. Berkovskyy

e Development of methodologies and data (dose coefficients) for dosimetric estimation of internal and external
exposure in radiological and nuclear emergency situations

e Scenarios with possible high dose of radiation. Stochastic and deterministic effects.

e Dosimetric quantities of interest: absorbed dose in organs/tissues (AD; and AD(A); with A= 30 days),
equivalent dose H; and Effective dose E. RBE-weighted absorbed doses.

e 3 exposure levels and dose assessment based on experimental environmental and individual monitoring data:
Level 0 — Screening monitoring. Rapid and conservative initial assessment in the initial phase
- Level 1 — Detailed case-by-case assessment during the emergency
- Level 2 — Advanced evaluation, high doses, medical and dosimetric follow-up

¢ Internal exposure: the absorbed dose rate coefficient shall depend on:

« the route of incorporation: inhalation (according to particle size AMAD/AMATD), ingestion, wounds
Physicochemical properties of internal contaminants
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ICRP Committee 2 - Doses from Radiation Exposure

Contributions of C2 members to other working groups:

e TG 115 - Doses and risks for RP of astronauts (C1)

e TG 118 - Relative Biological Effectiveness (RBE), Quality Factor (Q), and
Radiation Weighting Factor (WR) (C1)

e TG 119 - Cardiovascular diseases (C1)
e TG 120 - RP for Radiation Emergencies and Malicious Events (C4)

e TG 121 - Effects of lonising Radiation Exposure in Offspring and Next Generations (C1)
e TG 128 - Individualization/Stratification in Radiological Protection (C1)

e |AEA Project - Improvements in dosimetry for biota in terrestrial environments
e |[CRP/EURADOS Training Course on Biokinetic Modelling — how to calculate dose coefficients
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