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ObjectivesObjectives
•   Describe and use the following quantities and their units:

a) Absorbed dose
c) Radiation weighting factor
d) Equivalent dose
e) Tissue weighting factore) Tissue weighting factor
f)  Effective dose
g) Annual Limit on Intake and Derived Air Concentration
h) Committed equivalent dose
i) Committed effective dose
j) Collective dose

•  Describe and use the quantity “exposure” and its units.

•  Calculate the following quantities, given an exposure scenario:
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a) Equivalent dose
b) Effective dose
c) Committed equivalent and committed effective dose
d) Collective effective dose
e) Exposure

Quantities and UnitsQuantities and Units

Quantity:  a physically Quantity:  a physically 
bl  i blbl  i blmeasurable variablemeasurable variable

Unit:  an agreed upon amount of Unit:  an agreed upon amount of 
the quantity which forms the basis the quantity which forms the basis 
of the measurement systemof the measurement system
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of the measurement systemof the measurement system
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Absorbed Dose (D)Absorbed Dose (D)
•The amount of energy absorbed per unit mass of absorber.

•Absorbed dose is the fundamental dosimetric quantity in radiation 
protection.  All other quantities are based on the absorbed doses.

• It is strictly a physical quantity and can be applied to radiation 
interactions in any material.
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•The SI unit is the Gray (Gy) and the traditional unit is the rad.

•1 Gy = 1 J/kg

•1 Gy = 100 rad

Varying Effects Due to LETVarying Effects Due to LET
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Radiation Weighting Factors Radiation Weighting Factors 
(w(wRR))

Type and Energy Range Radiation Weighting Factor (WR)Type and Energy Range Radiation Weighting Factor (WR)
Photons, all energies 1
Electrons and muons, all energies 1
Neutrons, energy < 10 keV 5

10 keV to 100 keV 10
> 100 keV to 2 MeV 20
> 2 MeV to 20 MeV 10
> 20 MeV 5

Protons, other than recoil protons,
 energy > 2 MeV

5

Alpha particles, fission fragments, heavy nuclei 20
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Equivalent DoseEquivalent Dose

•For a tissue or organ, the average absorbed dose multiplied by the g , g p y
radiation weighting factor wR.

•HT = Σ wR x D 

•Equal equivalent doses to a tissue or organ due to different radiations 
produce the same probability of stochastic effects.  The radiation 
weighting factor “adjusts” for the varying ability of different radiations 
to produce these effects.
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•The SI unit is the sievert (Sv) and the traditional unit is the rem.

•1 Sv = 100 rem
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Tissue Weighting FactorsTissue Weighting Factors
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Effective Dose  (E)Effective Dose  (E)

F th i l t d t h ti lti li d•For a person, the equivalent dose to each organ or tissue multiplied 
by the tissue weighting factor wT.

•E= Σ wT x HT

•Equal effective doses to different tissues or organs produce the 
same detriment.  The tissue weighting factor “adjusts” for the 
varying sensitivity of tissues and organs and the varying detriment 
arising from exposure.
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•The SI unit is the sievert (Sv) and the traditional unit is the rem.

1 Sv = 100 rem
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FUNDAMENTAL DOSIMETRIC QUANTITIESU OS C QU S

ABSORBED
DOSE

GY
(RAD)

EQUIVALENT
DOSE

Sv
(rem)

EFFECTIVE
DOSE

Sv
(rem)

RADIATIONS
INTERACT

DIFFERENTLY

RADIATION
WEIGHTING

FACTOR
WR

DIFFERENT TISSUE
AND ORGAN

SENSITIVITIES

TISSUE
WEIGHTING

FACTOR
WT

SAME
AMOUNT OF ENERGY

SAME
BIOLOGICAL EFFECT

SAME
OVERALL DETRIMENT
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DEPOSITED PER UNIT
MASS

(STOCHASTIC EFFECTS) (STOCHASTIC EFFECTS)

Committed Equivalent and Committed Equivalent and 
Effective DoseEffective Dose

Dose quantities that reflect the 
eventual consequences of intake ofeventual consequences of intake of 
radioactive material.

Committed Equivalent Dose (HT50):

The equivalent dose to an organ or 
tissue that will occur over 50 years 
following an intake.

50 Years
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Committed Effective Dose (HE(50)

The effective dose that will occur 
over 50 years following an intake.
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Collective Effective Dose (S)Collective Effective Dose (S)

The sum of the effective doses to an exposed populationThe sum of the effective doses to an exposed population
Tally of all Tally of all Effective DosesEffective Doses

Unit:Unit: personperson--SvSv
(person(person--mrem)mrem)

3 people @  2 mSv each3 people @  2 mSv each
= 6 person= 6 person--mSvmSv
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Example:  2002 Doses Example:  2002 Doses –– Operations: Operations: 18.7 person18.7 person--mSvmSv
II--125:125: 17.6 person17.6 person--mSvmSv

Annual Limit on Intake (ALI)Annual Limit on Intake (ALI)

That quantity of a radionuclide (Bq) which if taken in to the body by Reference That quantity of a radionuclide (Bq) which if taken in to the body by Reference 
Man, would result in a committed effective dose of 20 mSv (2 Rem) over a Man, would result in a committed effective dose of 20 mSv (2 Rem) over a 
period of 50 years.period of 50 years.p yp y

ALIs are for ingestion or inhalation and depend on chemical and physical ALIs are for ingestion or inhalation and depend on chemical and physical 
formform
Example:Example:

ALIs for IALIs for I--125125
IngestionIngestion 1 MBq (27 1 MBq (27 μμCi)Ci)
Inhalation (Elemental)Inhalation (Elemental) 1 MBq (27 1 MBq (27 μμCi)Ci)
Inhalation (Methyl)Inhalation (Methyl) 2 MBq (54 2 MBq (54 μμCi)Ci)
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Example Question:Example Question:
What dose would you expect to result from an accidental ingestion of 1.3 What dose would you expect to result from an accidental ingestion of 1.3 
kBq of IkBq of I--125?125?

Example Question 2:Example Question 2:
If a “drop” is 10 If a “drop” is 10 micromicro--litreslitres and the Iand the I--125 stock material is 1Ci/ml, how 125 stock material is 1Ci/ml, how 
many ingestion ALIs are there in one drop? many ingestion ALIs are there in one drop? 
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Derived Air Concentration Derived Air Concentration 
(DAC)(DAC)

That concentration of a radionuclide in air (Bq/mThat concentration of a radionuclide in air (Bq/m33) that if ) that if 
breathed in by unprotected Reference Man continuously for breathed in by unprotected Reference Man continuously for 
2000 Hours  would result in an intake of 1 ALI2000 Hours  would result in an intake of 1 ALI2000 Hours, would result in an intake of 1 ALI.2000 Hours, would result in an intake of 1 ALI.

Note Note –– the MNR Respirator Action Level is 1/10the MNR Respirator Action Level is 1/10thth of a DACof a DAC
ll

32400m
ALIDAC=
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Example:Example:
••The DAC for elemental IThe DAC for elemental I--125 vapour is 580 Bq/m125 vapour is 580 Bq/m33

ExposureExposure

A traditional way to characterize photon A traditional way to characterize photon 
radiation field strengthradiation field strengthradiation field strengthradiation field strength
Corresponds to the ability of the radiation Corresponds to the ability of the radiation 
field to produce ionization in airfield to produce ionization in air
The traditional unit is the roentgen (R)The traditional unit is the roentgen (R)
1 R = 1 sC/cm^3 charge of either sign at 1 R = 1 sC/cm^3 charge of either sign at 
0 d  C  760 H  (1 R  2 58 C/k  0 d  C  760 H  (1 R  2 58 C/k  
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0 degrees C, 760 mmHg (1 R = 2.58 C/kg 0 degrees C, 760 mmHg (1 R = 2.58 C/kg 
of air)of air)
BY LUCK 1 R to air BY LUCK 1 R to air ~ 1 rem (10 mSv) to ~ 1 rem (10 mSv) to 
tissuetissue


