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Dosimetry ofDosimetry ofDosimetry of Dosimetry of 
External ExposuresExternal Exposures
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External ExposureExternal Exposure

-- Whole BodyWhole Body
-- SkinSkin
-- ExtremityExtremity
-- PartialPartial
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Stream of penetrating 
radiation irradiating whole 
body uniformly

UNIFORM WHOLE BODY UNIFORM WHOLE BODY 
EXPOSURE FROM AVERAGE OR EXPOSURE FROM AVERAGE OR 

AMBIENT RADIATION FIELDSAMBIENT RADIATION FIELDS
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Exposure to

• Penetrating radiation

• Badge reading 
approximates Effective 
Dose
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Partial Body IrradiationPartial Body Irradiation
from an External Sourcefrom an External Source

Shielding wall
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Beam of penetrating 
radiation irradiating part of 
body

• Exposure to
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• (Usually) Penetrating 
radiation

• Badge reading may not 
reflect dose at all
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EXPOSURE FROM GENERAL EXPOSURE FROM GENERAL 
RADIATION FIELDSRADIATION FIELDS

Exposure to

• Penetrating and 
(sometimes) Non-
Penetrating radiation
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• Characterized as the 
radiation field at 30 cm 
from an object

Shallow or Skin DoseShallow or Skin Dose

Dose to the skin results from Dose to the skin results from 
penetrating and nonpenetrating and non--
penetrating radiationspenetrating radiations

Badge reading reflects Badge reading reflects 
Equivalent Dose to SkinEquivalent Dose to Skin

Higher than whole body dose if Higher than whole body dose if 
unshielded beta component unshielded beta component 

20062006
OH OH 66

pp
presentpresent

Note Note –– beta range in airbeta range in air
about 12’ per MeVabout 12’ per MeV
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EXTREMITY EXPOSURE FROM EXTREMITY EXPOSURE FROM 
NEAR CONTACT RADIATION NEAR CONTACT RADIATION 

FIELDS FIELDS 

Exposure to

• Penetrating and Non-
Penetrating radiation

• High intensity of radiation 
due to geometry

• Ring badge reading 
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from photons is

and for a point source, the fluence 
falls of with the square of the 
distance from the source
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Γ⋅= 2r
all constant for a 
given radionuclide

The gamma specific 
dose constant
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Answer to Question #932 Submitted to "Ask the Experts"
Category: Doses and Dose Calculations — Basic dose information, dose 
quantities, units
The following question was answered by an expert in the appropriate field:

Q: What is the specific gamma constant and how is it calculated? What

From www.hps.org “Ask the Expert”

Q: What is the specific gamma constant and how is it calculated? What 
makes one greater than another?

A: A Specific Gamma Ray Dose Constant (SGRDC) is a value for correlating the 
dose-equivalent rate (per unit of activity) for a radionuclide at a specified 
distance. For example, the SGRDC (in tissue) for a point source containing 
137Cs at a radial distance of 1 meter of air is 1 X 10-4 mSv h-1 per MBq. Using 
this value, a 1 MBq point source of 137Cs will generate a dose rate of 1 X 10-4

mSv h-1 at one meter. These constants are calculated by estimating the 
energy deposition rate for all significant modes of interaction for gamma and

MP776 MP776 –– UN0805UN080520062006
OH OH 1313

energy deposition rate for all significant modes of interaction for gamma and 
x-ray emissions from a radionuclide. For the most part, the constant for an 
otherwise fixed geometry will increase with photon energy and gamma-
emission probability. 

Robert Coleman 
Oak Ridge National Laboratory

Example: Dose Rate from 1 Ci CuExample: Dose Rate from 1 Ci Cu--64 at 1m64 at 1m
CuCu--64 Decay Data from ICRP 3864 Decay Data from ICRP 38
•• EE11=1.346 MeV=1.346 MeV YY11== 0.00490.0049 ((μμenen//ρρ) = 0.032 cm) = 0.032 cm22/g/g
•• EE±±=0.511 MeV=0.511 MeV YY±±== 0.3580.358 ((μμenen//ρρ) = 0.029 cm) = 0.029 cm22/g/g
•• So So –– for 1 Ci = 3.7E10 Bqfor 1 Ci = 3.7E10 BqSo So for 1 Ci  3.7E10 Bqfor 1 Ci  3.7E10 Bq
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Example: Dose Rate from 1 Ci CuExample: Dose Rate from 1 Ci Cu--64 at 1m64 at 1m

CuCu--64  64  ΓΓ=3.566E=3.566E--5 mSv h5 mSv h--11 MBqMBq--11 mm22

•• So So –– for 1 Ci = 3.7E4 MBqfor 1 Ci = 3.7E4 MBq
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132.1= hmSv

Point Source ApproximationPoint Source Approximation

An unshielded point source displays “1/rAn unshielded point source displays “1/r22” ” 
drop off in dose rate with distancedrop off in dose rate with distancedrop off in dose rate with distance.drop off in dose rate with distance.
You can use a point source approximation You can use a point source approximation 
when your distance from the source is a when your distance from the source is a 
least three times the greatest dimension.least three times the greatest dimension.

2
•

MP776 MP776 –– UN0805UN080520062006
OH OH 1616
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Line SourceLine Source
A common problem in Health PhysicsA common problem in Health Physics
•• Example Example –– pipe filled with radioactive pipe filled with radioactive 

li idli idliquidliquid

h

ℓ

Cℓ

MP776 MP776 –– UN0805UN080520062006
OH OH 1717

θ

××Γ
=

• θlCD

radiansin  line by the subtented Angle
lengthunit per activity  The 

=
=

=

θ
lC

h
D

20062006 Med Phys 776Med Phys 776
OH OH 1818

linethefrom distanceh =
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Line Source Behaviour
Example: Dose Rate vs Distance from Centre of a 10m Long pipe Containing 1 Ci/m Co-60 
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Distance From Centre of Pipe

Plane SourcePlane Source
A common problem in Health PhysicsA common problem in Health Physics
•• Example Example –– spill on floorspill on floor
•• Reactor FaceReactor Face

h
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OH OH 2020

r



11

( )ln
22

⎥
⎤

⎢
⎡ +

Γ=
• drCD π

thftthdi tTh
source  theof radius The 

areaunit per activity  The 

ln 2

=
=

⎥
⎦

⎢
⎣

Γ

d
r

C
d

CD

a

aπ

20062006 Med Phys 776Med Phys 776
OH OH 2121

sourcetheofcentreover thedistance The=d

Line Source Behaviour
Example: Dose Rate vs Distance over Centre of a 10m diameter Spill of 10 Ci Co-60 
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Immersion ExposuresImmersion Exposures

Exposure in a cloud of radioactive Exposure in a cloud of radioactive 
t i lt i lmaterialmaterial

•• Examples are dose to public from air Examples are dose to public from air 
effluents or accidental releaseseffluents or accidental releases

•• Dose due to airborne noble gas activityDose due to airborne noble gas activity
Noble gases are an external hazard onlyNoble gases are an external hazard only

MP776 MP776 –– UN0805UN080520062006
OH OH 2323

•• Both gamma and beta exposures must Both gamma and beta exposures must 
be consideredbe considered

Potential for significant surface exposuresPotential for significant surface exposures

Rate of Energy Absorption at the Rate of Energy Absorption at the 
Centre of a Sphere of Radius Centre of a Sphere of Radius XX
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µa = mass absorption coefficient
σs = Compton scattering coefficient
µo = total attenuation coefficient
µa = µo-σs

h / f E (M V)

20062006 Med Phys 776Med Phys 776
OH OH 2424

n = photons/s.g of energy Eγ(MeV)

From Evans, “The Atomic Nucleus”

Rprim is the rate of energy absorption from primary photons
Rse is the rate of energy absorption from scattered photons
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What happens if the sphere gets very large?What happens if the sphere gets very large?

E

For large X, µoX>>1

That is  the rate of energy 

γ

γ σμ
μ
En

En
RR saseprim
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=+ ))1()1((
0
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That is, the rate of energy 
absorption per gram is equal to the 
rate of energy emission per gram.

How large is large?How large is large?
In air, for 1 MeV, µIn air, for 1 MeV, µoo = 8.25x10= 8.25x10--55 cmcm--11

For µFor µ X»1  X»1/µX»1  X»1/µ = 1 2x10= 1 2x1044 cm = 120 mcm = 120 mFor µFor µooX»1  X»1/µX»1  X»1/µoo  1.2x10 1.2x10 cm  120 mcm  120 m
Thus for distances much greater than this Thus for distances much greater than this 
(say, greater than about 0.5 km), the (say, greater than about 0.5 km), the 
geometry can be considered an infinite geometry can be considered an infinite 
sphere. sphere. 
For beta particles, radii of greater than For beta particles, radii of greater than 
about a few meters can be considered about a few meters can be considered 

MP776 MP776 –– UN0805UN080520062006
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infinite;infinite;
•• one invariably has infinite geometry for beta one invariably has infinite geometry for beta 

particles.particles.
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SemiSemi--Infinite GeometryInfinite Geometry
Need to divide infinite geometry answers 

by 2 to reflect situations in which the 
exposure occurs only from aboveexposure occurs only from above

MP776 MP776 –– UN0805UN080520062006
OH OH 2727

4141Ar ExampleAr Example

Nuclear reactors release Nuclear reactors release 4141Ar, an Ar, an 
ti ti  d t f  i  i  ti ti  d t f  i  i  activation product of argon in air, activation product of argon in air, 

which has a gammawhich has a gamma--ray of 1.29ray of 1.29 MeV MeV 
(100%). What dose rate would be (100%). What dose rate would be 
received by an individual exposed at received by an individual exposed at 
ground level to a very very large ground level to a very very large 

MP776 MP776 –– UN0805UN080520062006
OH OH 2828

g gg g
cloud of 1cloud of 1 Bq/mBq/m33? ? 
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4141Ar Solution:Ar Solution:

MP776 MP776 –– UN0805UN080520062006
OH OH 2929

What happens when the sphere gets small?What happens when the sphere gets small?
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Noble Gas DACNoble Gas DAC
DAC will depend upon the geometry of the room. DAC will depend upon the geometry of the room. 

It i   t  t k  th  l  f th   d th  It i   t  t k  th  l  f th   d th  It is common to take the volume of the room and then It is common to take the volume of the room and then 
determine the radius of a hemisphere that would have the determine the radius of a hemisphere that would have the 
same volume and use this for “X” in the preceding same volume and use this for “X” in the preceding 
equation. The ICRP used to give the DAC for a selection of equation. The ICRP used to give the DAC for a selection of 
room volumes.  Dose coefficients are now provided for room volumes.  Dose coefficients are now provided for 
infinite cloud exposure (see handout) and it is left to the infinite cloud exposure (see handout) and it is left to the 
user to correct for geometry if appropriate or required.  user to correct for geometry if appropriate or required.  

One correction is nearly always appropriate One correction is nearly always appropriate –– at ground at ground 
l l l d f h l d b hl l l d f h l d b h

MP776 MP776 –– UN0805UN080520062006
OH OH 3131

level a person is only exposed from the cloud above.  This level a person is only exposed from the cloud above.  This 
is the semiis the semi--infinite sphere geometry and the dose rate infinite sphere geometry and the dose rate 
(neglecting reflection from the ground) is half of that from (neglecting reflection from the ground) is half of that from 
an infinite sphere.an infinite sphere.

From ICRP 68

Note: the values 
are given for a 
24 hour day.

To obtain the 
effective dose 
rate per second, 
divide by 
8.64E4 s d-1

20062006 Med Phys 776Med Phys 776
OH OH 3232
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Beta ExposuresBeta Exposures
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Com parison of Cross Data and ROT for Cu-64
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Beta Exposures from Noble GasesBeta Exposures from Noble Gases
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Correcting for the irradiation from one side only and the fact that tissue absorbs about 
10% more energy per kilogram than does air, and correcting for attenuation of the beta 
particles  to the depth of the basal layer (7 mg cm-2)
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8585Kr ExampleKr Example

Calculate the equivalent dose rate to Calculate the equivalent dose rate to 
th  ki  f   i d i   th  ki  f   i d i   the skin of a person immersed in a the skin of a person immersed in a 
large cloud of Krlarge cloud of Kr--85 at a 85 at a 
concentration of 37 kBq/mconcentration of 37 kBq/m33. . 
•• The average beta energy per decay is The average beta energy per decay is 

0.246 MeV.  The maximum beta energy 0.246 MeV.  The maximum beta energy 

MP776 MP776 –– UN0805UN080520062006
OH OH 3939

is 0.672 MeV.is 0.672 MeV.
Compare with the approximation.Compare with the approximation.

8585Kr Solution:Kr Solution:

MP776 MP776 –– UN0805UN080520062006
OH OH 4040
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Example AExample A
A powdered CuA powdered Cu--64 in the reactor broke open and 64 in the reactor broke open and 
spilled on the floor.spilled on the floor.
The sample activity was 1 Ci (37 GBq).  The sample activity was 1 Ci (37 GBq).  The sample activity was 1 Ci (37 GBq).  The sample activity was 1 Ci (37 GBq).  
An operator just reporting for work cleaned up the An operator just reporting for work cleaned up the 
spill, forgetting that he was not yet wearing his spill, forgetting that he was not yet wearing his 
dosimetrydosimetry
Assume it took 10 minutes to wipe up the powder Assume it took 10 minutes to wipe up the powder 
and deposit it in a shielded container using wet and deposit it in a shielded container using wet 
wipers held with 30 cm tweezerswipers held with 30 cm tweezers

MP776 MP776 –– UN0805UN080520062006
OH OH 4141

Assume the body is 1m away from the sample Assume the body is 1m away from the sample 
throughout the workthroughout the work
Estimate the relevant doses and compare with the Estimate the relevant doses and compare with the 
corresponding ICRP recommended dose limitscorresponding ICRP recommended dose limits

Example Part 1 Example Part 1 –– Extremity DoseExtremity Dose

Dose to the Dose to the 
extremity results extremity results extremity results extremity results 
from penetrating and from penetrating and 
nonnon--penetrating penetrating 
radiations at 30 cmradiations at 30 cm

20062006 Med Phys 776Med Phys 776
OH OH 4242
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Example Part 2 Example Part 2 –– Skin DoseSkin Dose

Dose to the skin Dose to the skin 
results from results from results from results from 
penetrating and nonpenetrating and non--
penetrating radiations penetrating radiations 
at 1 mat 1 m

20062006 Med Phys 776Med Phys 776
OH OH 4343

Example Part 3 Example Part 3 –– “Whole Body” Dose“Whole Body” Dose

Dose to the whole Dose to the whole 
body results from body results from body results from body results from 
penetrating radiation penetrating radiation 
at 1 mat 1 m

20062006 Med Phys 776Med Phys 776
OH OH 4444
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Example BExample B

An experiment is planned using a An experiment is planned using a 
P B  t    Th   P B  t    Th   PuBe neutron source.  The source PuBe neutron source.  The source 
emits 4x10emits 4x1066 fast neutrons per fast neutrons per 
second.  If the experimenters will be second.  If the experimenters will be 
at 1m from the source, what dose at 1m from the source, what dose 
rate will they be exposed to?rate will they be exposed to?

MP776 MP776 –– UN0805UN080520062006
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