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Units for Absorbed Dose

& Radiation damage depends on the energy absorption from the radiation and is
approximately proportional to the concentration of absorbed energy in tissue.

& The basic unit of radiation dose is expressed in terms of absorbed energy per
unit mass of tissue, which is called Gary (Gy)

/

1Gy =1J/Kg =100rad
where Rad stands for Radiation Absorbed Dose, which 1s a non - SI unit.

& The Gary is universally applicable to all types of ionizing radiation dosimetry —
irradiation due to external field of gamma rays, neutrons or charged particles as

well as that due to internally deposited radioisotopes.
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The Sl Unit for Exposure

& For external radiation of any given energy flux, the absorbed dose to any point
within an organism depends on the type and energy of radiation, the depth
within the organism of the point at which the absorbed dose is required and
the elemental composition of the absorbing medium at that point.

& The x-ray fields to which an organism may be exposed is normally specified in

exposure unit.

| X unit =1C/ Kg air

C - lion eV 19 J Gy
— X X34—x16%x1071Y —x1—-
kgair 1.6Xx1071Y C ion 0 eV J/kg

= 34 Gy (in air).

1 X unit =1

& Alternatively, exposure is also measured with the unit Roentgen (R),
1 R=2.58x10* C-kg*



The Free Air Chamber (FAC)

Typically used for

O Primary Standards: They are used by

national laboratories to define the
Roentgen or air Kerma for X-ray
dosimetry.

Low/Medium Energy Focus: They are
ideal for low- or medium-energy photon-
beam calibration.

Reference Instrument: They provide
the foundational accuracy for calibrating
secondary instruments.

Modern Advancements: While the
principle is old, modern FAC designs
(like the Attix chamber) and Monte Carlo
computer simulations are used to
improve accuracy and calculate
correction factors.

https://slidetodoc.com/hopewell-designs-inc-calibration-of-radiation-
instruments-overview/

INMRI-ENEA standard free-
air chamber

Vacuum tube with beryllium
window

Vgcuum pump to change the
. | pressure inside the tube.
/4 i 1
/ Balca

Figure 10. Experimental set-
up for the determination of the
mass-air attenuation

| coefficients of SYRMA

== monochromatic x-ray beams




Exposure Measurement: The Free Air Chamber (FAC)

‘Volume 119 (2014) http://dx.doi.org/10.6028/jres.119.022
Journal of Research of the National Institute of Standards and Technology

New National Air-Kerma Standard
for Low-Energy Electronic
Brachytherapy Sources

Stephen M. Seltzer, Michelle O’Brien, and Michael G. Mitch

National Institute of Standards and Technology,
Gaithersburg, MD 20899

Lamperti Ritz

The NIST free-air ionization chambers used in the electronic brachytherapy facility.

ORALJ Museum of Radiation and Radioactivity




Exposure Measurement: The Free Air Chamber (FAC)

Measured Exposure in the FAC:

X-ray Beam

X (X-unit)=Q (coulomb)/M (kg)

lonization Current

https://radiologykey.com/measurement-of-ionizing-radiation-2/



Exposure Measurement: The Free Air Chamber

Electronic Equilibrium, or Charged- '.__.
X-RAY Partizle Equilibrium (CPi) ‘ | ‘ | ‘
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Fig. 12.1 Schematic diagram of the “free-air” or “standard” ionization chamber.

Turner, pp. 365.
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Charged-Particle Equilibrium (CPE)

FIGURE 4.5. The role of CPE in the measurement of exposure X. The average exposure in the
finite air volume v equals the total charge of either sign released in air by all electrons (e,) that
originate in v, divided by the air mass m in v. If CPE exists, each electron carrying an energy
(say, T) out of v is compensated by another electron (e;) carrying the same energy in. Thus the
same ionization occurs in v as if all electrons ¢, remained there. The measurement of that charge
divided by m is thus equivalent to a measurement of the average exposure in v. Radiative losses
are assumed to escape from 2, and any ionization they produce is not to be included in X.

From <<Introduction to Radiological Physics and Radiation Dosimetry>>
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Exposure Measurement: The Free Air Chamber

in order to attain electronic equilibrium. For highly filtered 250-kV X-rays, 9 cm
of airis required; for 500-kV X-rays, the air thickness required for electronic equi-
librium in the sensitive volume increases to 40 cm. Under conditions of electronic
equilibrium and assuming negligible attenuation of the X-ray beam by the air in
length 1, the ions collected from the sensitive volume result from primary photon
interactions at the beam entrance port; the measured exposure, consequently, is at
that point and not in the sensitive volume. Free air chambers are in use that measure
the quantity of X-rays whose quantum energies reach as high as 500 keV. Higher-
energy radiation necessitates free air chambers of much greater size. The technical
problems arising from the use of such large chambers make it impractical to use
the free air ionization chamber as a primary measuring device for quantum energies
in excess of 500 keV.
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Exposure Measurement: The Free Air Chamber

| Example

The entrance port of a free-air ionization chamber has a diameter of 0.25 cm and the
length of the collecting plates is 6 cm. Exposure to an X-ray beam produces_a steady
current of 2.6 x 1071° A for 30 s. The temperature is 26°C and the pressure is 750 torr.
Calculate the exposure rate and the exposure.

Solution

We can apply Eq. (12.7) to exposure rates as well as to exposure. The rate of charge col-
lectionis §=2.6 x 1071 A = 2.6 x 10719 Cs~!. The density of the air under the stated
conditions is p = (0.00129)(273/299)(750/760) = 1.16 x 107> gcm™>. The entrance-
port area is A = 7(0.125)% = 4.91 x 10 cm? and L = 6 cm. Equation (12.7) implies,
for the exposure rate,
_ 4 _ 2.6 x 1071 Cs™* KRAY 4

pAL 116 x 103 x491x 102 x6¢g

1R
X
2.58 x 107 Cgl

Ep

=295Rs". (T

The total exposure is 88.5 R.
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Exposure Measurement: The Air Wall Chamber

High quality
insulator

Charging
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FIGURE 6.2. Non-self-reading condenser-type pocket ionization chamber.
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Exposure Measurement: The Air Wall Chamber

Example 6.3
Chamber volume = 2 cm?’.
. . . High quality
Chamber filled with air at STP. insulator
Electrical capacity = 5 puF. dicag?wrrglgnrg
Voltage across chamber before exposure to radiation = 180 V. o /. /
.
Voltage across chamber after exposure to radiation = 160 V. N\ WO £
: 1 ’
== A
Exp osure time 2 h. Electrically conducting plastic node
Calculate the radiation exposure and the exposure rate.
The exposure is calculated as follows:
CX AV = AQ . (6.8)
5 X 10712 farads X (180 — 160) volts = 1 X 10710 coulombs.
Solution Since one exposure unit is equal to 1 C/kg, the exposure measured by this cham-

ber is

1x 10710 C

= 3867 x 1075 C/kg,
2 cm?® X 1293 X 10-6 kg/om> ke

which corresponds to

3867 X 105 C/kg X 3881—~— = 0.150 R,

Cl/kg
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Exposure Measurement: The Free Air Chamber

l ‘
RaY [1ll—
TUBE =
Q
AREA - —B
=A Di"l" "E e
e,
T e
| ' — C
| Q

e— d — 3 AREA

e d' -

Fig. 12.1 Schematic diagram of the “free-air” or “standard” ionization chamber.

How do we convert the exposure measured with a free-air chamber to dose to
tissue exposure to the same x-ray radiation field?
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Does-Exposure Relationship

= Air wall chamber measures exposure in air, which should in some instances, be
converted to the energy absorption in tissue.

% Since energy absorption is approximately proportional to the electron density
of the absorber in the energy region where exposure units are valid, the tissue
does is NOT necessarily equal to the air dose for any given exposure.
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Calculation of Energy Transfer and Energy Absorption (Revisited)

For simplicity, we consider an idealized case, in which

% Photons are assumed to be monoenergetic and in broad parallel beam.

% Multiple Compton scattering of photons is negligible.

= Virtually all fluorescence and bremsstrahlung photons escape from the absorber.

= All secondary electrons (Auger electrons, photoelectrons and Compton electrons)
generated are stopped in the slab.

. .
Y =¥,
Under these conditions, the transmitted energy intensity (the amount of energy

transmitted through a unit area per second) can be given by
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Calculation of Energy Transfer and Energy Absorption (Revisited)

Assuming n.,x<<1, which is consistent with the thin slab approximation and the
energy fluence rate carried by the incident gamma ray beam is ‘PO(] .cm™? - s71).

Then the energy absorbed in the thin slab per second over a unit cross section area is
given by

AY =P, - =P, (1— e Hen®) = You,x (J-cm™?-s71)
The rate of energy absorbed in the slab of area A (cm?) and thickness x is

Al‘ijo.uenx VE 5_1)

Given the density of the material is p, the rate of energy absorption per unit mass
(Dose Rate) in the slab is

b = A(em?) ¥ (J-em™2:571) - pen(em™1)-x (cm)
- p(g-cm=3)-A(cm?2)-x(cm) g

Pen(cm™)

Dose rate in the absorber: D(J-g~ 1 -s™ ) =Wy -cm™2-s71
U o " plg/em?)
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Does-Exposure Relationship

The absorbed dose rate, in grays per second, is given by

2
. ¢ photons/cm X FE MeV/photon X 1.6 X 10713 J/MeV X, cm- ]
D= S ..
p,, kg/cm3 X kg
Gy
p=2 Lt
Lo
where

tm is the linear energy absorption coefficient of the medium and
Pm 1 the density of the medium.

¢ is the fluence rate of the particle, the number of particles going through a unit area per second,
E is the energy carried by each particle.
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Does-Exposure Relationship

&  Another example (Cember, p178)

Consider a gamma-ray beam of quantum energy 0.3 MeV. If the photon ﬂui
1000 quanta/cm?/s, and the air temperature is 20°C, what is the exposure rate o
point in this beam and what is the absorbed dose rate for soft tissue at this point]

The exposure rate in C/kg/s is given by

. ¢ photons/cm?-s X E MeV/photon X 16 X 10°1* J/MeV X p, cm™!

X
J/kg
k m3 X 34 2122

where

W, is the linear energy absorption coefficient for air for the photon energy and
P, 1s the density of air.

¢ is the photon flux (photons/cm?/s).
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Does-Exposure Relationship

® The relationship between exposure and dose is obtained from the ratio of the
absorbed dose rate and the exposure rate,

D_ (bXEX16X10 B xp Yp,
X (XEX16X10713 X pu )/(p, X 34)

D = 34 x Pl o X Gyls.
Wa/Pg

Im is the linear energy absorption coefficient of the medium and
Pm 1s the density of the medium.

i, is the linear energy absorption coefficient for air for the photon energy and
pq 1s the density of air.



Does-Exposure Relationship

® The relationship between exposure and dose is obtained from the ratio of the
absorbed dose rate and the exposure rate,

D_ (dXEX16X10B xy )p,
X (WXEX16x10B x ,)/(p, X 34)

D = 34 x Pl o X Gyls.
Wa/Pa

®  For an X-ray flux that could induce 1 X unit of exposure in air, it could lead to

and similarly

rads = 81.7 X um/pm

X roentgens
Ko /P

i is the linear energy absorption coefficient of the medium and
Pm 1s the density of the medium.

14 is the linear energy absorption coefficient for air for the photon energy and
P4 1s the density of air.
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Does-Exposure Relationship

An example:

What is the radiation absorbed dose corresponding to an exposure of
25.8 ©C/kg (100 mR) from 300-keV photons?

Solution -

When the value for the energy absorption coefficient for muscle tissue for

0.3-MeV photons, Umedium = 0.0317 cm?/ g and iy = 0.0288 cm?/ g, from Table
5-4, are substituted into Eq. (6.12a), we have

Dose = 34

Gy 0.0317cm’/g 958 x 10-6 C

— =97x107*G
C/kg = 0.0288 cm2/g kg . y

_12 _  (@XEX16X10® xp. ),
X (OXEXL6X107B X n,)/(p, X 34)

D =34 X L“_m_/‘fﬂ X XGy/s.
Ko /Pa
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Does-Exposure Relationship

A few remarks:

& |n the case of tissue, the ratio of dose to exposure remains approximately
constant over the quantum energy range of about 0.1 to 10MeV. (Why?)

® At lower energy, material with greater atomic number absorbs much more
energy.

D_ (bXEX16X1078 xn ),
X (OXEX16X1078 xp,)/(p, X 34)

D = 34 x Kn/Pm X Gyls.
Ma/Pg

Mm is the linear energy absorption coefficient of the medium and

Pm is the density of the medium.

K. is the linear energy absorption coefficient for air for the photon energy and
Pa is the density of air.
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Does-Exposure Relationship

200

150

vkg per coulomb/kg

o b
D =34 x FoulPu! 5 X Gy/s.
L p’a/pa:

[
- —_—— - ¢ — ]

FIGURE 6.6. Energy absorption per X unit (cou-
lomb per kilogram) exposure for several tissues.
(Adapted from O. Glasser, Medical Physics, Vol.
I1. Yearbook Publishers, Chicago, IL, 1950. By per- 001 005 01 05 1 5 10
mission.) Quantum energy, MeV
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