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Abstract
In this paper, I" (absorbed dose rate constant) for **'l is calculated theoretically and is also determined experimentally
applying important correction factors. These correction factors include those factors that affect the calculations, from
the radioactive source to the sensor volume detector. Particular absorbed dose rate constants were calculated for each
discrete line in the photon spectrum of 31 radionuclide with a yield per decay event >0.01% and the energy >80 keV.
Estimation of dose rate for radiation source may be required for planning radiation protection measures, calibrations of

radiation instruments or for estimating the absorbed dose to patients receiving brachytherapy.
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Introduction

It is often required to estimate the absorbed dose rate
at a distance from radionuclides that are sources of
gamma rays. Such calculations may be required for
planning radiation protection measures in the vicinity of
radioactive sources or patients containing radionuclides,
calibrations of radiation instruments or for estimating the
absorbed dose rate to patients receiving brachytherapy.
The factor relating activity and absorbed dose rate is
called the absorbed dose rate constant (). It is also
called the specific gamma ray constant, exposure rate
constant or simply the gamma constant. This constant is
defined as the gamma radiation exposure rate from a
point source of unit activity at unit distance. Its unit is R
per hour at 1 meter from a 1 Ci point source.

One of the isotopes used in assessing the thyroid
gland, in the diagnosis and the treatment fields, is **!I.
This isotope is chosen for its ability to be concentrated in
the thyroid, as well as positioning its moieties within the
secretor products of the thyroid. This is done by the
administration of tracer amounts of radioactive iodine into
the body, which will in time be concentrated in the thyroid.
31| decays by emitting beta particles and gamma rays of
different energies and intensities, and it has a half-life of
8.04 days. The gamma rays are of suitable energies for
external detection and imaging the thyroid i.e. for
diagnosis purposes, while the emitted beta particles are
useful in its treatment.

Despite the several rePorted calculations of the
specific gamma constant of ) a pronounced difference
of about 10% is still observed in its value. This may be
inferred to ignoring such energies of low emission
probability and using less accurate values of energies
and related mass energy absorption coefficients. As the
concentration of "' in the thyroid produces a local
radiation dose, accurate determination of dose should be
employed to keep it within the safe limits. Hence,
accuracy of the absorbed dose rate constant for this
isotope is important and necessary for an accurate
estimation of absorbed dose in the thyroid.
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The aim of this paper is to evaluate the absorbed dose
constant experimentally with precision since there is very
limited experimental work has been done so far to
substantiate the literature reported value for **!I. The
factor relating activity and exposure rate has been given
various names: the k factor (Johns, 1961), the specific
gamma ray constant (ICRU, 1962) exposure rate
constant (Parker, 1978), and gamma ray constant
(Kereiakes & Rosenstein, 1980). Conversion to Sl units
required that this factor be replaced by the air absorbed
dose rate constant 5, (ICRU, 1980) which is now defined
as:

This relation can be expressed in terms of the absorbed
dose rate as (dKgy/dt)s to photons of energy >0, at a
distance | from a point source of activity A. The Sl unit for
MsisJ m? kg'1 which, when the terms gray and Becquerel
are used, becomes Gy m?s™' Bq .

In the process of analyzing accessible data on the air
absorbed dose rate constants and its precursors for many
radionuclides used most often in practice (Nachtigall,
1969; Ninkovic & Mladjenovic, 1970; Ninkovic, 1971) it
was concluded that published data are in strong
disagreement. That is the reason we decided to
recalculate this quantities on the basis of the latest data
on gamma ray spectra and on the latest data for mass
energy-transfer coefficients for air.

'"HULYDWLRQ RI WKH HTXDWLRQ IRU FDC

The absorbed doseKy;, for the interaction of gamma rays
with air is given by:

R @

Where @ is the fluence, E the photon energy, and w/p the
energy-dependent mass energy-transfer coefficient for
air.
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The absorbed dose rate, dK/dt, is obtained from the
absorbed dose by substituting the flux density y for the
fluence @ in Equation 2

where @ is expressed in m 2 s
— N BQ0OQQ —

}/3\)/lhere the count rate is the area under the peak of the
I

Y is the surface area of the detector,

0 is the correction factor for absorption the photon in air,
0 is the correction factor for absorption the photon in the
detector window (aluminum material)

0 is the correction factor for x-ray escape.

0 is the correction factor for the efficiency of the detector.
By inserting Equation 4 in Equation 3, the following
equation is obtained:

—=—0——10 BD00Y — e (5)

If photons with energy E; are emitted per decay event with
yield 0 ;,Eq.(5) becomes:

=—5—10 B(—-)20B100Y 0 —-(6)
By inserting Equation 6 in Equation 1, the following
equation is obtained for 's:

I =——5—B(-)00B2UY Y — - (7)
fBQNN'Q —=Bf
Then eq.(7) become
. =——=—B(—)1N0BY

()00 0
&DOFXODWLRQ RI +

Starting from Equation 8, the absorbed dose rate
constants, s, were calculated using data on mass
energy-transfer coefficients for air, aluminum and data on
photon emission vyield in the process of decay of |
radionuclide. Since the energy structure of the photon
spectra and accessible discrete numerical values of the
mass energy-transfer coefficient for air are not the same,
the cubic spline interpolation was used to obtain the
coefficient, where the photon spectrum data are available
(Fireston, 1996; Stabin & Da Luz, 2002). The subscript 9,
implies that only photons with energy >80keV are
included in the calculation.

Concerning the radiation spectrum emitted per decay
of this radionuclide, there are three types of photons: the
gamma ray photons, characteristic X-ray photons, those
from internal conversion of gamma rays and electron

capture and those accompanying bremsstrahlung
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processes of electrons from B~ decay and internal
conversion of gamma rays and X rays. In this calculation,
gamma rays and characteristic X-ray photons with
energies >80 keV as d-value are the only ones that have
been taken into account. The contribution of
bremsstrahlung radiation has not been included.

In the calculation, instead of gamma ray total transition
intensities, the gamma ray intensities corrected for
internal conversion of gamma rays were used. The
particular air absorbed dose rate constants were
calculated for each discrete line of the photon spectrum of
the radionuclide, with effective yield per decay >0.01%
and energy >80 keV.

The experimental work

Nal(Tl) detector with dimension (2"x2") and
multichannel analyzer (MCA), Fig.1 was used to measure
the area under the peak for **'I radionuclide. The distance
between the detector and source was 18cm.The ™|
radionuclide of activity 16.409uCi was supplied from Iraqi
Atomic Medical Hospital.

Results and discussions

Table 1 lists the calculated air absorbed dose rate
constant for the '*'I. For every photon energy
00000,— and X (Hubbell, 1969; Hubbell & Seltzer,

2001) were calculated as shown in Table 1. Using these
values, I for each photon energy was calculated. The
summation of these I"’s will give the value of the constant
for **l'in units of (R.m?/Ci.hr). The value of I" for **'| was
found to Dbe (O.233R.m2/Ci.hr) as calculated
experimentally and (O.213R.m2/Ci.hr) theoretically.

The accuracy of calculation of air absorbed dose rate
constants is not more than 10%. The major portion of the
Fig. 1. Experimental setup
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Table 1. Air absorbed dose rate constant for ***
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I radionuclide considering photon energy above 80 keV.

Ei(keV) | fi f f3 fa fs Hen/p x107] x°x10™ M(exp,)x1 0™ (cal.)x1 0™
m*/kg (RZm?/Ci.hr) | (RZm?Ci.hr)
80.185 0.999316 0.99446 | 0.9390 | 1.000 0.0262 2.42 5469.306 10.79929 9.67500
85.918 0.999440 0.99487 | 0.9485 | 1.000 9x10™” 2.40 0.199486 0.0003939 0.000359
177.211 | 0.999400 0.99720 | 0.9926 | 0.99505 | 6.5x10™ 2.58 1305.984 2.578700 2.340000
232.167 | 0.999370 0.99716 | 1.00 0.92640 | 1.4x10° 2.70 9.463382 0.0186856 0.0169814
272.492 | 0.999360 0.99714 | 1.00 0.84395 | 5.6x10™ 2.75 456.2602 0.9008976 0.817800
284.299 | 0.999350 0.99712 | 1.00 0.81957 | 6.06x10° 2.78 51621.83 101.92864 92.67737
295.833 | 0.999350 0.99712 | 1.00 0.79638 | 7.0x10° 2.80 6.23277 0.0123067 0.011220
302.442 | 0.999340 0.99710 | 1.00 0.78340 | 4.5x10° 2.82 41.2477 0.0814447 0.074265
318.084 | 0.999340 0.99710 | 1.00 0.75395 | 8.0x10™ 2.83 774.440 1.529150 1.39347
324.624 | 0.999340 0.99710 | 1.00 0.74220 | 2.2x10™ 2.83 218.0299 0.4305057 0.391084
325.782 | 0.999340 0.99710 | 1.00 0.74020 | 2.51x10° 2.83 2487.523 4.911680 4.47780
358.410 | 0.999330 0.99710 | 1.00 0.68691 | 9.17x10 2.88 102.2279 0.201850 0.183157
364.483 | 0.999310 0.99710 | 1.00 0.67792 | 0.812 2.90 923601.9 1823.676 0.166078
404.809 | 0.999310 0.99710 | 1.00 0.62495 | 5.64x10™ 2.92 717.7000 1.417116 1.290000
502.993 | 0.999310 0.99710 | 1.00 0.53452 | 3.61x10° 2.92 2742.851 11.33940 10.25966
636.975 | 0.999310 0.99712 | 1.00 0.46490 | 7.27x10° 2.92 146970.01 | 290.1960 261.6500
642.708 | 0.999310 0.99712 | 1.00 0.46222 | 2.2x10° 2.92 4447.511 8.781726 7.989030
722.892 | 0.999330 0.99716 | 1.00 0.43712 | 0.018 2.90 40947.87 80.85263 73.01703
0.233 0.213
standard error associated with these calculated values of 3. Parker PR, Smith SHP and Taylor MD (1978) Basic
s arise from uncertainties in relative intensity sciegce of nuclear medicine. Churchill Livingston,
London.

measurements of the X ray and gamma ray photon
spectra and intensity of omitted bremsstrahlung radiation.
Bremsstrahlung radiation contributes to the total air
absorbed dose rate constant by, not more than 0.4%, and
this decreases markedly with decreasing photon energy
(BCRUM, 1982).

The contribution to 5 from the omitted photons of
energies <80keV, varies from radionuclide to another, this
is not interesting for the purposes of practical health
physics, but is of interest in specific nuclear medicine
radionuclide applications.

Conclusions

Recalculation of the air absorbed dose rate constants
for "'l one of the most often used radionuclides in
medicine is worked out. The calculation used the newest
appropriate decay data and the latest numerical data for
mass energy-transfer coefficient. Hence, according to the
authors' opinion, the values for air absorbed dose rate
constants given here can be more accurate. To calculate
the absorbed dose to soft tissue the air absorbed dose
rate has to be multiplied by the ratio of the mass energy
absorption coefficient of soft tissue to that of air, which
can be taken as 1.11 between 2 and 0.1 MeV and drops
to 1.04 at 0.02 MeV. Also, since the radiation-weighting
factor for gamma rays and X rays is 1, by multiplying air
absorbed dose rate constants by a factor of 1.11, the soft
tissue-equivalent dose constant can be obtained.
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