FROM THE RADIOTHERAPY DEPARTMENT, CHURCHILL I1OSPITAL, OXFORD,
ENGLAND.

ROUTINE DOSIMETRY WITH TANTALUM 182
AND IRIDIUM 192 WIRES

by

E. J. Hart, R. Ouver and B. J. SHEPSTONE

For more than ten years, flexible radioactive wire has been used for inter-
stitial therapy as an alternative to sealed radium sources.

Tantalum 182 wire has been described by Sincrair (1952), and its clinical
application reported by several workers, including WaLLacg, StarrzToNn &
Turyer (1952), Ervs & Ourver (1954), van Miert & Fowrer (1956), and
ArLt & Hunt (1963). g

Iridium 192 wire was not introduced until a later date. PierQuin (1964)
described its use, pointing out that its lower gamma energy greatly simplifies
protection problems. The physical properties of tantalum 182 and iridium
192, together with the dimensions of the wires used in this department are
summarised in a Table.

The purpose of the present communication is to make available our basic
data to new users, to avoid further duplication of effort.

The plan, in our department, has been to express the activity of the tantalum
182 or iridium 192 wire in terms of ‘mg of radium equivalent per cm filtered
by 0.5 mm of platinum’. This quantity is obtained by comparing a short length
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Table
Comparison of lantaium 182 and ‘vidium 192 wire

Property Tantalum 182 Iridium 192
Half life 115 days 74 days
9% decay per week 4% 6%
Principal gamma

energy range 1.1 10 1.2 MeV 0.3 to 0.6 MeV
Specific gamma-ray

constant « m* - R/mCi-hr 68 48
Approx. HVL in lead I em 3 mm
Approx. 1/10 valve layer =

in lead 3cm . 1.2 em
Wire dimension:

0.D. 0.4 mm 0.3 mm

Core 0.2 mm 0.1 mm

Pt. filtration 0. mm 0.1 mm

Cost of 100 cm of wire

+ irradiation for 2 weeks

4 measurement £26 £15
Approx. activity produced 1 mCi/fem 1.5 mCijem

of the wire against a radium needle of the same active length and a known
radium content. The comparison is effected by inserting the wire and needle
in turn into a re-entrant ionisation chamber. By always referring to the activity
of the radioactive wire in terms of its radium equivalent, the confusion of using
several specific gamma ray constants in reutine calculations is avoided.

To calculate dose rates from implants with radioactive wire, vaN MigrT &
Fowrer (1956) followed the Paterson-Parker system; HaverrTLe (1957) has
considered in detail the dose distribution resulting from ‘hairpins’ of tantalum
182 wire and discussed the conditions under which the Paterson-Parker
tables could be used with reasonable accuracy. In many cases, however, the
standard dosage tables cannot be applied to tantalum 182 and iridium 192
wire implants because, in general, wires of different linear activities are not
available to implement the distribution rules for moulds and surface applicators.
In addition, one of the advantages of wires is that they may be used as long
sources, the resulting implants having extremely large elongation ratios. As a
result it is often simpler to calculate doses by consider.ag the contributions
from individual wires, provided the basic data are available in a convenient
form. It was thought necessary therefore to calculate the complete dose
distributions around radioactive wires of various lengths, and to present the
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Fig. 1. Geometry of dase calculation {or linear rad.oactive wire.

data graphically in a similar way to the data sheets for standard Amersham
radium needles calculated by Keur (1950) and Kemp & Harr (1952) and
made available through the International Atomic Energy Agency. The calcula-
tions were carried out in the following way.

The dose rate (in rad per hour in soft tissue) at a point P due o a radioactive
line source of length a cm, filtered by material of thickncss 4/2 mm is given by
the expression below which follows closely that derived originally by SieverT
(1923, 1932)

0,
8:05pf [ —24
by~ ’ e T gg (1)
0,
where
c—c/,
0‘ = tan—l
c+a/,
0, =tan—! P

h = perpendicular distance of the point P from the wire (cm)

¢ = the cross-line, i. e. the distance from the centre of the wire to the foot
of the pernendicular from P (cm)

8.05 = specific gamma ray constant for radium (8.3) x roentgen to rad
conversion factor for soft tissue (0.97)

p = measured activity of the wire per cm expressed in equivalent mg of
radium, filtered by 0.5 mm of platinum

J == correction factor to convert the linear activity of the wire, measured
through the screenage, to true linear activity

‘# = linear absorption coefficient of the filtering material, i. e. piatinum
(mm™1),
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Fig. 2. Data sheet for a length of 8 cm '*Ir wire of
activity | mg radium equivalent per cm, filtered by
0.5 mm of platinum. 'Distance’ and ‘cross-line’ are
the quantities labelled 4 and ¢, respectively, in fig. 1.

Eq. (1) has been evaluated for tantalum 182 and iridium 192 wires of lengths
from 2 to 15 cm. The values of the constants used for the two isotopes are
summarized below.

Constant Tantalum 182 Iridium 192

P 1.0 1.0

¥ § 1.02 1.07
u (mm-t) 0.11 0.43
d mm 0.40 0.30

When calculating the dose distributions due to radium filtered by a platinum
screen Kemp (1950, 1952) introduced a screenage function which allows for the
fact that since the gamma radiation is not homogeneous, the effective absorp-
tion coefficient of the platinum is a function of path length and therefore varies
with obliquity. In the present calcuiations this effect is ignored and assumed to
be constant because the platinum sheath is much less thick in the case of radio-
active wire than for radium.

The University of Oxford ‘Mercury Computer’ was prograinmed to perform
the calculations, making use of the standard Sievert integrals available in the

*. library of this machine. The resultant data were plotted graphically. Fig. 2

gives an example of one of the data sheets for a length of 8 cm of iridium 192

-



ROUTINE DOSIMETRY WITH TANTALUM |82 AND IRiDIUM 192 WiRES 159

wire. Copies of such data sheets from these calculations for tantalum 182 and
iridium 192 wires of lengths from 2 to 15 cm are now available at a nominal
charge on application to the Medical Section, Department of Research and
Isotopes, International Atomic Energy Agency, Vienna |, Kacrntnerring 11,
Austria.
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SUMMARY

Data sheets have beer prepared of the dose distribution around radioactive wires of tantalum
182 and iridium 192. A computor was programmed to perform the calculations, which included
an allowance for oblique filtration in the platinum screen.

ZUSAMMENFASSUNG

Data-Tabellen wurden aufgestellt, die die Dosisverteilung radicaktiver Drahte aus Tantal
182 und Iridium 192 geben. Eine elektronische Rechenmaschine wurde programmiert, um
soiche Berechnungen auszufihren, wobei eine schrige Filtrierung durch das Platinfilter
- gesichert wird.

RESUME

Les auteurs ont établi des tableaux donnant la distribution de dose autour de fils radio-
actifs de tantale 182 et d'iridium 192. Un ordinateur a été programmé pour faire ces calculs
qui tiennent compte de la filtration oblique a travers le filire de platine.
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