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ABSTRACT

The effect of the various parameters that are likely to affect the
percentage backscattered radiation outside a wooden phantom were studied.
It was found that the percentage hackscniter increases with the increase
of irradiated area, focal scatterer distance and the hardness of radiation
used. For all radiation quelities investigaied, the percentage backscatter
shows a muximum at a backward distance from the scatterer 10 em. Wide
variations unsually occur for eoft radiations at emall hackward distances
from the scatterer. The percentage backseatter distribution was found to
deviate appreciahly from the inverse sguare law within a range of 10%.
It was also found that the value of percentage backscatter at one meter
from the scatterer differs conmsiderably from the generally accepted value
0.19% of the intensity of the primary beam at the scatterer ().

INTRODUCTION

Backseattered rodiations from objects exposed to primary X-ray beams
comprise a possible source of radiation hazard to workers in radiological
installotions.

Detailed study of such radintions is essential for computing the most
appropriate thicknesses of secondary protection barriers. The work of
previous workers ( 2, 3. 4, 5, 6 and 7 ) in the field of radiation protection
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was nunnhy confined to assessmcnl of percentage scattered radiation in
speeified direclions.

In view of the complexity and variety of the results obtained it was
felt that. se far, no conclusive results are yet available, and that further
experimicsital work is still needed by theoreticians before they can rsta-
hlizshi a concrete solution of the general problem of backscatter.

The present investigation is taken up with a view of providing euch
experimenial data comcerning the various parameters that are likely to
influcnee the percentage backscatter X-radintion outside the phontom
relative to surface dose.

The nwin (actors investigated are :

1. Radiation cquality ; { LV.L.)
2. Trradiated area ; {LA.)
3. Tocal-scatterer distance ; (F.8.D.)
4. Lateral distance from the principal axis ; {L.D.)
9. Backward distanece (rom the scatterer {B.D.)

METHOD AND APPARATUS

For the results to be morc compreliensive, the usual operating condi-
tions of X-rays are chosen eomprising :

i - Radintion qualitics of half-valuc layers ranging from 0.1 to
1.6 mm Ca.

ii —- Irradiated areas ranging from 24 to 300 em®.

iii — Foacal-scatterer distances ranging from 30 to 75 cm.

iv --- Lateral distances from the principal axis ranging from 30 to 90 cm.

v - Backwaed distances from the scatterer ranging from 0 to 60 cm.

Mcacurements were carried out using rectangular fields and restricted
to the plance countaining the principal axis of the primary heam parallel

to long side of the rectangular field. Figure (1) illustrates the set up
uscd for meusurements,

The hackscattered radintion weasuremcnis were corrected for seatter-
tug from air and surroundings  and expressed as percentage scatter Ds/Dp

(1) H. E. Johns {1961). The Physics of Radiology, Page 324.
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x 100, where Ds is the scaltered dose at a certain position lateral to the
pliantom and Dp is the dose at a point on the axis of the useful beam at

the surface of the phantom.

Leaknge radintion from the tube housing under maximum operating
conditions at the nearest point to X-ray head was found to be 0.093 mr/m ;
a value which is relarively insignificant over the periods of exposurcs

encountered in the measurements throughout this investigation.

The X-ray machine used for this investigalion is a Philips 250 Kv —
25 mA, deep therapy unit. The phantom used is made of wooden cubes,
of 8 em side and density of 1.0 gm/c.c. The phantom has a cross-sectional
arca of 40 x 40 em® and a thickness of 24 cm.

The dosemeter used is a Philips universal dosemeter with ionization
and condenser chambers for measuring primary and scattered doses

respectively.

RESULTS AND DISCUSSIONS

The resulis obtained for the scattered doses at the selected positions
were corrected for scattering due to air and surroundings. These results —
after correction — are given as percentage backscater relative to the dose
at the center of the irradiated area on the surface of the phantom.
Figure (2) showe a sample of the conditions at which the percentage back-
scattered radiation was calculated. In the diagram each percentage is given
at the corresponding pozition and isodosc curves are then drawm.

The percentage backscatter values nt various angles from the normal
to the center of the irradiated area ( as shown in the diagram } are deduced
by drawing the lines making angles { 6 = 90°, 115° and 135° ). The
points of intersection of these lines with the isodose eurves give the
requircd values. These values and their distances from the center of
the irradiuted area are given in table (1).

Relations between the percentage backscatter values and the distances
from the center of irradiated area at the selected angles ( g = 90°, 115°
and 135°) are given in figure (3). This figure is of exponential form and
shows that percentage backscatter increases with the increase of angle 9 .
It is also clear that the percentage backscatter is minimum at angle
8 = 907 ie, tangential to the surface of irradinted aren. This iz in
agreement with that obtained by Bomford and Burlin in 1943.
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- TABLE 1
Tube voltage Filter used LA. F.5.D.
0.5 mm Cn
150 KV -+ &x10 cm? 40 em
1.0 mm Al
6 = 900 6 = II5v 5 = 1350
Distance  P.1.S5. Distance  P.B.S. Distance P.BS.
a0 0.1076 35.3 0.1031 43.0 0.0p52
40 0.0648 13.0 0.0648 50.0 0.0648
50 0.0401 535 004401 570 00483
60 00280 62.5 0,0303 o0 0.0401
70 00213 75.0 0.0213 71.0 00317
80 0.0152 82.0 0.0175 13.5 0.0303
a0 0.0113 81.5 0.0152 85.0 0.0221

Detailed discussion of the other factors that are likely to alfect the
percentage backsecatier are given licre below.

1. Effect of Radiation Quality :

Figure (4) — n, b, ¢ and d — illustrates the effect of radiation quality
on the percentage backscatter at different hacksward distances.

It js clear that in general the percentage backecatter is greater, the
higher the radiation quality used within the range investigated. In all
cases, variations with backward distance are maximum over a distance of
30 cm with a peak value at 10 em depth. Throughout the backward
distances up to 60 cm, it seems that highly significant differences in per-
centage backscatter valnes are mainly due to the radiation qmality esp-
ecially at emall focol-scatterer distances and irradisted areas. These wide
overall differences are seriously diminished by increasing the focal-scatterer
distance as far as the 1.6 and 0.8 mm Cu half-value layer beams are con-
cerned ; while for the softest quality used the overall differcnces oetill
remain roughly the samne.

2. Effect of Irrediated Area :

Figure {5) — a, b and ¢ — illustrates the effect of irradiatcd area on
the percentage backscatter at different backward distances for radiation
qualities of half-value layers 0.12, 0.8 and 1.6 mm Cu respectively al a
foealscutterer distance 50 cm.
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Fig. 4 (a) — The efect of radiation quality on percentage backscutter at diflercnt
B. D. for focal seniterer distance 30 cm and irradiated ares 4 X 6 cm?,
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Fig. 5 (a) — The elfect of icradiated erea on the percentage backecatter at different
I. D. for radistion quality of half layer 0.]12 m m Cu. st focal scatterer distance 50 em.
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Fig. 5 (b) — The cffect of irradiated area on the percentage backscatter at difTerem
B, D. for raliation quality of half layer 0.8 m m Cu. at faral scatierer distance 50 em.



- 30 —

2
=10 K.Y, £.50 LU
sol- 200 B0 cm 30 cm

PERCENTAGE BACKSCATTER

0 A 1 | { ] |
0 10 20 in &0 50 60

BACKWARD DISTANCE

Fig. 5 (c) — The effect of irradiated area on the percentage backscatter at different
B, D, for rudiaion guulity of half layer 1.6 m m Cu. at focal scatterer distance 50 em.
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TABLE 2

Focal-scattcrer distanee ( F.5.0. } = 50 em

Lateral distance { L.D.) = 30 em
Caze A/ B
Ratio of P.B.S. -nt different backward distances
I A, cm2 .
0 10 20 30 40 50 60
8 x 10 1.08 113 1y 127 121 148 125
I0 x 15 0.97 1,01 106 1.02 1.21 1.13 0.93
15 x 20 1.06 1.09 1.13 1.31 112 1.20 1.17
Cose A/ C
.Ratio of P;B.S. at dilferent backward distances
I. A, em2 e - -
0 10 20 30 40 50 6D
Ix10 2.29 2.06 2386 3.32 313 3.51 316
10 x 15 223 2.50 2.73 2,77 2.93 2125 1.83
15 x 20 159 1.85 215 2,58 3.15 213 2.83

It is clear from the accompanying graphs that in all cases the level
of the backscatter is higher tbe bigger the irradinted arca. Table (2)
summarises the ratios of percentage backscatter at different backward
distances. As the half-value layer nlone iz a crude spceification of radia-
tion quality ; ratios of percentuge hackscatter were found to fit roughly
the empirical formula ;

\/ Ratio of K;—-F Rati;—nf HVL

2
According to the suggested formula the ratio for the case represented by
A/B is equal to 1.29 and for the case represented by A/C is equal to
2.76, where A denotes the P.B.S. at 200 Kv filtered by 1.0 mm Cu + LOmm
Al ( HV.L. = 160 mim Cu ), B denates the P.B.S. at 150 Ky filtered by
0.5 mm Cu + 1.0 mm Al ( HV.L. = 0.80 mm Cu ) and C denotes the
P.B.S. at 100 Kv filtered by 1.0 mm A! ( H.LV.L. = 0.12 mm Cu ).

Ratio of percentage hackscatter =

It is to be noted from tanble (2) that the ratios of pcrcentage hack-
scatter did comprise irradiation areas of ratios 1 : 2 : 4 approximately.
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3. Effect af Focalscatterer Distance :

Figure (6) illustrates a sample of the effect of focalscatterer distance
on the percentage hackscatter at different backward distancea for radiation
quality of half-value Iayer 0.12 mm Cu.

It is clear that the percentage backecaiter generally incrcases with the
increase of focal-scatterer distance. This may be attributed to the fact
that the depth dose, within a seattering volume, increases with the increase
of the focal-scatterer distance giving rize 1o an increase in the percentage
seattered outside the phantom.

It is also evident that wide variations of percentage backscatter are
observed for large focal-scatterer distances especially at small backward
distances up to 30 em.

4. Effect of Lateral Distance :

Figure (7) illustrates a sample of the percentage backscatter at dif-
ferent backward distances for a radiation quality of half-value Jayer 0.8 mm
Cu ; keeping other factors constant.

It is clear that for all radistion cualities used the level of percentage
hackscatter is higher the nearer we get to the scatterer surface ( 30 em
lateral distance from the principal axis } with a maximum at a backward
distance of 10 em. The further we get away from the side of the scatterer
cven with a relatively small distance of 10 em ( case of 40 cm lateral dis-
tance ) the percentage backscatter values are brought down to half their
original values for emall backward distances wp to 20 em. Beyond 60 cm
lateral disiance, however, the percentage backscatter variations with hack-
ward distance are so small for all the radiation qualities investigated.

5. Effect of Backward Distance :

Figure (8) illustrates a eample of the relation between percentege
backscatter and lateral distance at different backward distances ( planes )
for a radiation quality of half-value layer 1.6 mm Cu.

It is clear that all curves are generally of an exponential form. No
systematic arrangement among the backscatter radiation levels at successive
planes could be traced for the various qualities investigated. This is due
to the combination of both attenuation and scattering in a complicated
manner that mokes thce identification of the separate effects practically
impossible.

It is clear that the backscatter component is greater at a lower plane
{ 10 cm backward distance ) than that at a plane parallel to scatterer
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Fig. 6 — The effcel of focal scatterer distance on the percentage barkscatier at
different B. D. for raldiation quality of half vulue layer 0.12 mm Cu. at luteral
distance 30 cm.
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surface ( zero em backward distance } at a lateral distance of 30 em. This
eflect is further increased the softer the original radiation quality becomes.
Beyond the 30 cm Iateral distance irregularities show themselves up in
virtue of the numerous other factors involved in the process.

6. Percentage Devigtion from Iiverse Square Low :

It has heen illustrated that beyond 50 cm lateral distance the percent.
uge backscatter values suffer slight variations with bhackward distance.
Mean values of percentage backscatter (M) were ohtained at lateral dist-
ances 50, 60, 70, 80 and 90 cm respectively. The ratios of these mean
values at the first two successive planes were denoted hy M,/M, ; while
the inverse ratio of the corresponding lateral distances were denoted by
/D, The percentage deviation of the ratic M,/M. from the inverse
square law was calculated using the formula :

M./M, — (D/D,)
2= T ) 100

(D/D,)?
Table (3) summariscs the percentage deviations under all operatiug
conditions of focal ecatterer distonces and irradiated ureas for a radiation
quality of holf-value layer 1.6 mm Cu.

TABLE 3

1.0 nm Cu
200 KV. Filiter <+ HV.L = 1.6 mun Cu.
1.0 mm Al

Percentage Deviation from Inverse Squqare Law

FSD. LA. o > La
G cm)  (in m?) I i 11 v
% % % G
30 4x 6 —139 — 294 + 229 —
4x 6 + 2.08 + 221 + 458 — 708
40 8x10  —347 — 254 — 15  —3I5
10 x 15 —1041 — + 382 — 236
g x 10 0.00 — 221 — 305 —103
50 0x15  — 069 — 662 + 382  — 394
1Bx20 — 7.63 + 441 — 763+ 551
P x5 + 278 + 147 000 — 3.94
75 | Bras d4es + 0.74 + 458  — 157

225 x 30 — 6.94 — 441 — 458 — 0.79
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In view of the wide scatter of tabulated values, it is concluded that
the percentage deviations of backscatter from the inverse square law vary
within a range of 10 %.

The columns denoted by T, II, III and IV were calculated according
to the corresponding {ormulae :

M./M, — (Ds/D;)? _ oI, /M, — (D/Dy)?

= N X 100 ; II = X 100
(Da/D;)? (Do/Dy)?
M M4 —_ Fl D z M4 i Dﬁ 1 2
nr = - "”.( ._(.D_{_ _‘) we ; IV = /P'_L (Bs/D.) X 100
{(Dy/Dy)? (Ds/D,)*

It ean be scen from the results that the percentage backscatter varies
widely aecording to the radiation quality used. TIn all eases it is very
wnuch different from the generally accepted value at 1.0 meter from the
seattercr which is taken as 0.1% of the intensity of the primory beam at
the seatterer,





