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ANNEX 4

NEW VALUES OF SOME PHYSICAL INTERACTION COEFFICIENTS

FOR DOSE MEASUREMENTS

Information for SSDLs

H.H. Eisenlohr and K. Zsdanszky

1. The recommendation of CCEMRI

At its 8th meeting in 1985 Section I of the "Comite Consultatif

pour les Etalons de Mesure des Rayonnements Ionisants" (CCEMRI)

to the "Comite International des Poids et Mesures" (CIPM) has

put forward a recommendation on new values of some physical

constants to be used for exposure and absorbed dose

determinations (see Annex I).

Implementation of this recommendation has some impact on the

measurement of exposure, air kerma and absorbed dose, and may

result in changes in calibration factors of dosimeters. This

subject will be discussed in detail at the IAEA Workshop on

Calibration Procedures in Dosimetry, to be held in Quito in

October 1986. The following information may assist SSDLs in

preparing themselves for the expected changes of calibration

factors.

2. The most important changes

The recommendation has been caused by new numerical values of

some physical constants which have become available recently.

The two most important changes concern:

a) s , the ratio of the mean restricted collision mass
m, a

stopping powers of the chamber material to that of air

for electrons crossing the cavity, and

b) W . /e, the mean energy required to produce an ion pair

in air per electron charge, for electrons emitted by

radioactive sources or produced by photon absorption.
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In the past the values of s were deduced in most cases
m, a

from the data of NCRP (1961) or from Berger and Seltzer

(1964). However, new stopping power data were recently

published by Berger and Seltzer (1982), and in ICRU Report 37

(1984), based on new values of the mean excitation energy and

the density effect.

Cavity ionization chambers with graphite wall material are

generally used as primary standards of exposure and air Icerma

for Co gamma radiation. The mean stopping-power ratios

(s ) to be applied for such graphite chambers depend on the

density of the graphite, the size of the cavity and the

scattered component in the incident beam. The new values of

s are about 0.7% lower than the previous ones (for
60

graphite cavity chambers) in case of Co gamma radiation.

The value of W . /e = 33.85 + 0.15 J/C was recommended for

dry air in ICRU Report 31 (1979). The new value of W . /e =

33.97 + 0.06 J/C has been recommended by CCEMRI in 1985 (see

Annex I). This value is based on a coherent estimation of the

new s values and is 0.35% higher than the previous one.
L, a

Some less significant changes concern the R values (the

fraction of electron energy expended for bremsstrahlung) and

the mass energy absorption coefficient ratio. The new g value

in air is 3.2 x 10 for Co gamma rays which is about 1 x

10 less than the old one (Boutillon, 1985). The change is

still less for medium and low energy X-rays. The new ratio of

the mass energy absorption coefficients for air and graphite is

about 0.1% less than the

(Hubbell 1969 and 1982) .

about 0.1% less than the earlier one for Co gamma rays

The use of the new values leads to some changes in the

determination of exposure and air Icerma with primary

standards. Consequently, the calibration factors of secondary

standards and field instruments will also be changed.
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3. Changes in the determination of exposure and air kerma by

primary standards

3.1. Primary standards of exposure

3.1.1. Free-air chambers are the primary standards of exposure

for X-rays in the range from a few to several hundred kV

tube potential. The exposure determined by a free-air

chamber is given by

Q
X = — n K. (1)

where

X is the exposure

Q is the electric charge collected by the chamber

V is the volume of the chamber in which the charge
is collected

p is the mass density of the air

riK̂  is the product of dimensionless correction
factors.

As it may be seen, there is no change in the

determination of exposure by free-air chamber because

the relevant physical constants are not included in

equation (1).

3.1.2. Graphite cavity chambers are generally used as primary

standards of exposure for Co Ramma rays. The

exposure determined by a graphite cavity chamber is

given by

Q < W e n / S ) a

X = s rift (2)
ir L • a / . . / n \ 1

where

is the ratio of the
mean mass energy ab-
sorption coefficients
and graphite, and

the other symbols are as defined above.
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In equation (2) the new values of s and the mass
c, a

energy absorption coefficient ratio effect a decrease

of the exposure determined by a graphite cavity chamber

of about 0.8% for Co gamma rays.

3.2. Primary standards of air kerma

Primary standards of exposure may also be used as

primary standards of kerma in air for photon energies

between several keV and a few MeV, according to the

relation between these quantities. The kerma in air

may be calculated from the exposure:

K , = X

W . /e

1 - 6

3.2.1. The air kerma of X rays determined by a free-air chamber

is 0.35% hifther because of the new value of W . /e.
All*

The influence of the new g values is negligible for

medium and low energy X-rays.

3.2.2. The air kerma of Co Ramma rays determined by a

Rraphite cavity chamber is given by

(\i I 0 ) W . /eQ en S a air
K . = s^ n K. (4)
" r v c'a (Ven/? ,c i - s

and is about 0.55% lower than earlier because of the

new values of the physical constants included in

equation (4) .

4. Changes in the calibration factors of secondary standards of

exposure and air kerma

Secondary standards calibrated before the introduction of the

new values of interaction coefficients can be adjusted to the

changes outlined above by correcting the old calibration

factors. The changes of the calibration factors depend on the

18



TABLE I

APPROXIMATE CHANGES OF CALIBRATION
EXPOSURE AND AIR KERHA

Physical quantity:

Primary standard
(used for

calibration)

Radiation

Influence of the
new values of the
relevant physical
constants on the
calibration factor
(in percent):

sC,a

W . /e
air

SECONDARY

Exposure

Free-air
chamber

X-rays
(medium and
low energy)

Graphite
cavity
chamber

60Co

-0.7

FACTORS OF
STANDARDS*

Air

Free-air
chamber

X-rays
(medium and
low energy)

+0.35

kerma

Graphite
cavity
chamber

60 C o

-0.7

+0.35

>a,C -0.1

-0.1

-0,1

Total change of
calibration factor:

-0.8% +0.35% -0.55%

More accurate data depend on the density of the graphite chamber-wall, the
size of the cavity and the scattered component in the incident beam.

type of primary standard against which the calibration was

performed and to some extend on the radiation beam.

Approximate data are listed in Table I which can be used for

the correction of the calibration factors of secondary

standards before obtaining a new calibration. The uncertainty

of this correction is estimated to be less than +0.1%.
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5. Determination of absorbed dose

5.1 The primary standards of absorbed dose

The conceptually simplest method of measuring absorbed dose is

the calorimetric method (Domen, 19 74) .

The ionization method can also be used for the measurement of

absorbed dose (BIPM, 1975). If the mean energy W, needed to produce

a pair of ions is known, the ionization produced in a cavity

ionization chamber permits calculation of the dose absorbed in the

air of the cavity, and from this the absorbed dose in graphite can

be derived with the help of the ratio of stopping powers of

graphite and air (the CCEMRI has chosen graphite as the reference

material for absorbed dose measurements).

There are some national metrology laboratories (PSDLs)

maintaining a calorimeter as a primary standard of absorbed dose for

Co gamma radiation(e.g. Pruitt J.S., 1981) and providing

absorbed-dose calibrations for Co gamma rays in water. The

secondary standard or the user's ionization chamber may be

calibrated at the point of interest in a water phantom where the

absorbed dose to water has been determined by the PSDL. In such

cases the PSDL should be asked for the correction of the calibration

factor resulting from the new values of the physical constants in

question. The change, if any, will be very small.

5.2 Absorbed dose derived from exposure or air kerma

The determination of absorbed dose may be performed by using

ionization chambers with exposure or air kerma calibration factors

calibrated in a Co gamma beam. Procedures, conversion and

correction factors are published in several national or

international protocols advising the user how to obtain absorbed

dose from a measurement of exposure or another appropriate quantity

(e.g. NACP 1980, HPA 1983, AAPM 1983, SEFM 1984). It should be

noted that the procedures for obtaining the absorbed dose and the

calibration factor of the ionization chamber should be consistent,

i.e. both should be derived from the same set of values of physical
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interaction coefficients. A "Code of practice for absorbed dose

determination in photon and electron beams" will be published by the

IAEA soon. The purpose of the IAEA code of practice is to describe

in detail the measurement procedure and to provide the current best

values for physical constants and correction factors. It is not

possible to discuss here the procedure in detail; however, the

determination of absorbed dose in a Co gamma beam is outlined

briefly.

The mean absorbed dose to air inside the air cavity of the

ionization chamber at the calibration radiation quality , 6 .
air) c

may be evaluated from the air kerma. The relation between D . ,
£L 1 C | C

and K . is given by
air.c

5air,c = Kair,c (1"6> "att

where

K . is the kerma in air at the centre of the ionization
air ,c

chamber in the absence of the chamber at the

calibration radiation quality,

k . is a factor, correcting for attenuation (absorption and

scattering) in the ionization chamber material at the

calibration, and

km is a chamber material dependent factor correcting for

lack of air equivalence of the ionization chamber material.

As it may be seen, a change of g value works in the opposite

direction in equation (5) than in equations (3) and (4).

The relation between D . and the exposure X, expressed
air, c

from equations (3) and (5) is:

D . = X <W . /e) k ..k (6)
air.c air att m

Thus, the absorbed-dose-to-air chamber factor of a cavity ionization

chamber will be reduced by about 0.45% for Co gamma rays, if it

was calibrated against a graphite cavity primary standard chamber

before the change of the relevant physical constants became

effective.
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The absorbed-dose-to-air chamber factor, at the calibration

radiation quality, N may be derived from the air kerma

calibration factor, N , using equation (5):

V c = NK (1"*> katt km

or from the exposure calibration factor, N , using equation (6):

N = N,, k ,. k (W . /e) k, (8)
D,c X att m air 1

where

-1 -1
k = 1.00 if N is given in C kg C , or

2.58 1(T4 if N is given in R c"1.
X

According to the Bragg-Gray equation one obtains for the

determination of the absorbed dose to water at the effective point

of measurement of the chamber, D , in the absence of the chamber:

D = D . <s . ) p (9)
w air, c w,air u u

where

(s . ) is the ratio of the mean mass stopping powers,

water to air, at the reference point at the user's radiation

quality, and

p is the perturbation correction factor of the ionization

chamber.

Assuming that the energy dependence of W is negligible in a

Co beam, the absorbed dose to air calibration factor is given by

N _ = D . /M = D . /M (10)
D air,c c air,u u

where

M is the meter reading at the calibration quality c, and

M is the meter reading at the user's quality u.

Using this assumption, the absorbed dose to water at the effective

point of measurement may be obtained from:

D = N M (s . ) p (11)
w D u w . a i r u ^ u
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where the meter reading, M , should be corrected for temperature,

pressure, recombination, humidity etc.

Recommended values of correction factors (k .,, k , p ) for a

large number of commercial ionization chambers and the new values

for physical interaction coefficients will be provided in the Code

of Practice to be published by the IAEA.

6. Conclusions

The use of the new values of some physical constants is

important for primary standards where the highest possible accuracy

is needed. The changes will be performed according to the

recommendation of CCEMRI (1985).

The calibration factors of secondary standards should be

corrected for either by a new calibration against a primary

standard, or by correcting the calibration factors by using the

approximate data listed in Table I.

The change is not significant for users of field instruments.

Even in the case of radiation therapy, the change is one order of

magnitude lower than the accuracy required in the determination of

the radiation dose delivered to the patient. Dosimeters with

calibration factors adjusted to the new values should be used for

absorbed dose determination according to a procedure which is

consistent with the new recommended values of physical constants

(e.g. the "Code of practice for absorbed dose determination in

photon and electron beams" to be published by the IAEA).

The overall change in the calibration of the TLDs used for the

IAEA/WHO postal dose intercomparison service for Co gamma

radiation amounts to no more than 0.5% (see 5.1) which is well

within the uncertainty of the method.
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ANNEX I

Extract from the report of the "Comite Consultatif pour les
Etalons de Hesure des Rayonnements Ionisants" to the

"Comite International des Poids et Mesures".

Section I - Rayons X et gamma, electrons
8th Meeting (April 1985)

U. Physical quantities for radiation measurement standards

At its 7th meeting. Section I discussed the implications of
changes in stopping power ratios on exposure and absorbed dose
determinations. At that time, data from a draft ICRU report on
stopping powers were used to estimate that values of exposure
determined with the BIPM's exposure standard, a carbon cavity
chamber, in "^Co radiation would be reduced by about 0.751. A
similar decrease would apply to exposure standards of the national
laboratories. That meeting also discussed how new stopping power
ratios would affect the value of W obtained from most previous
measurements. It was decided then to postpone a decision on
changing primary standards at least until the ICRU report became
available.

A paper (85-8) presented by BIPM to the 8th meeting
reconsidered the W values compiled by the ICRU in its Report 31
(1979). Most evaluations of W had been based on measurements of the
product W.sm a, where sm a is the mean ratio of the restricted
stopping powers of the material and air. The re-evaluations by BIPM
used the new ICRU stopping power data (ICRU Report 37), and took
account of spectral changes due to scattered photons. In addition,
two recent determinations were included, one being that by the BIPM
(85-5). The weighted mean value of W/e obtained for dry air was
(33.97 + 0.06) J C"1.

The meeting was reminded that this new value of W and the new
stopping power ratios form a consistent set. That is, adopting one
implies that the other also should be adopted, owing to their
linkage through the product W.sm a.

The meeting noted that there are thus new values available for
the following quantities:

1. Stopping powers for electrons (ICRU Report 37),
2. W/e (quoted above, and 85-8),
3. (1 - g) (85-18) ,
it . Energy-absorption coefficients (Hubbell, IJARI 3_3 (1982)

p. 1269) .

Considering that exposure, air kerma and absorbed dose
standards should be based on current best values of physical
constants, Section I recommended that use of the important values
listed above be initiated in the existing system of radiation
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measurement standards from 1986-01-01. It was further recommended
that, although changes in standards should be made as infrequently
as possible, further adjustments should be considered as the values
of physical constants continue to be refined.
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