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TABLE 4 -~ Comparison of piven and asgessed doses

369 incidence Normal incidence
Radiation Assessged Given Mean Assegsed Given Mean
Quality Doge Dose Ratio Ratio Dose Doge Ratio Ratio
30 KV 14 21  0.66 ) 1% 20  0.65
0.2 mm 14 22 0.64 44 49 0.90 -
A1 RVL 0.68
’ 36 55 0.65 118 201 0.59
32 51 0.63% . 0.6 294 502 0.59
67 110 0.61 1382% 2000 0.69
65 105 0.62 A
501 513 0.59
301 510 O,SQg

T15% 1038 0.69
715%* 1020 0.70

MBTF 2036 0.56 | 4 o
1247% 2035  0.61

50 kT 20 23 0.96 ) 20 19 1,¢él
1001mm 20 20 1.00 58 54 1.07{» 1.11
AL L 51 411209 | o 221 201 1.10)
52 52 4.00 560% 509 4.12
99 102 0.97 2112% 2009 1.05
99 100 0.99
458% 514 0.89
650% 508  1.28
1045% 1027  1.02 ]
1302% 1013 129 {4 o
1797% 2028 0.89
1760% 2026  0.87
80 xV 22 23 0.96) 3% 30 1.10)
2.0 mm 71 67  1.06 52 51 1.02L 1.06
AL VL 51 62 0.82 T. 0.95 225 214 1.o§J
91 99 0.92 699* 495 141
103 105 0.98 2074% 2044  1.01
414% 207 2,00
293% 218 1.%4

609* 516 1,18 )
609 526 1.16
1045% 1011 1.0%
935% 991 0.94
1921% 2006 0.96
187 1% 1945 0.96 |

1.04




TABLE 4 (contd)

350 incidence

Normal incidence

Radiation Assessed  Given Mean Agsessed Given Mear
Quality Dose Dosge Ratio  Ratio Dose Dose Ratio Rat]
100 kV 30 28 1.36ﬁ 31 29 1.07
%.0 mm 23 19 1.21 80 55 1.45 1. 2¢
AL HVL 73 63 1160 4 5 280 207 1.35
80 69 1.16 517% 502 1.03%
124 98 1.27 2035% 1956 1.04
118 91 1‘BQJ
280% 201 1.40
414* 200 2.07
532% 495  1.07)
532% 498 1.07
1082* 992 1.09 L. 1.0
1082% 971 1.711
1870% 1992 0.94
1870% 1995 0.94
200 kV 29 20 1.45) 24 28  0.86
2.0 mm 20 19 1.05 54 55 0.98
Cu HV—.[J . 1 oOZ
63 53% 1.19 L 1.28 254 221 1.15
(250 xv 62 48 1.29 ' 78 490 1.18
2.0 mm : > ‘
Cu HVL at 136 100 1.36 1358% 2017 0.67
nominal ,
incidence) 128 94 1'56,
60¢, 21 20  1.05
53 50 1.06
220 200 1.10
550 500 1.10
2050 2000 1.03 1.07
2050 2000 1.03%
560 500 1.12
215 200 1.08
53 50 1.06
21 20 1.05

*a gscraped film

The number of energy points rather limited the value of the study in

demonstrating any obvious correlation belween the mean assessed ratios and

the expected values as indicated by the formulae. Apart from the ratio at
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the lowest x-ray énergy, two of the mean value points in Figure 1 were more
than 20% greater than 1.0 and two mean value points deviated by more than
15% from the formula valueg. For the 200 kV 2.0 mm Cu technique the
assessed dose of individual films exceeded the actual dose by more than 50%.
Overall the mean ratios were greater than expected which implied some error
in the 6000 calibration curve. The mean value for 6000 obtained at normal
incidence was about 5% greater than expected from the value obtained using
the formula. (For 6000 radiation, densities under the tin~lead, dgral and

thick plastic filters are very similar so that formula I yields a value of

1.02 times the Cobalt calibration dose.

It may be noted that film response curves determined by the AERE and RPS
differ, partly as a resullt of using radiation beams of differing
homogeneities. Those used by the RPS were less homogeneous than radiations
employed by the AERE. As a consequence the formula~derived response curve
obtained using RPS data differs quite markedly from that obtained using

ATRE data. The RPS-derived response curve is shown ag the dashed line in

~ Figure 1.

FURTHER INVESTIGATIONS

Further studies were undertaken to provide additional energy points in the
x~ray region for comparison with formula expected values and also to
investigate the magnitude of errors associated with the preparation and use

of Cobalt-60 calibration curves.

The accurate measurement of the dose~rate in air of the Cobalt-60 calibration
beam presented a problem in that the dose-rate was only about 670 mrad el

at 1 m. Initial measurements were carried out using a 25 R high energy
chamber and dosemeter, with the chamber positioned at 30 cm from the source.
Because of the large field size the whole of the stem of the chamber was
irradiated and some degree of stem leakage was suspected. Even with the
chamber relatively close to the source very long exposure times (several
hours) were required to accumulate an adequate dose and the meaéurement

could not be made with high accuracy.
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Measurements were repeated with a Victoreen high energy transfer chamber
(10 cm? volume) used in conjunction with a Laboratory-constructed
electrometer. With this instrumentation, readings could be obtained in a
time of about 1% minutes so that multiple wepeat readings were possible. A
dose~rate of 675 mrad h=1 in air at 1 m‘was derived, with an estimated
accuracy of about 1.5%, which deviated by about 4% from the Victoreen 25 R
chamber measurement, after correction for decay to the same measurement
date (1/10/76). On the basis of this measured dose-rate a new calibration
graph was constructed by exposing films at a range of doses covering the

net density range of 0.02 - 4.0. Two films were exposed at each dose level.

Sets of films each containing 5 films were exposed in holders at 35°
incidence to known doses of x-rays at the energies shown in Table 5. The
doses weré chosen to produce a density of approximately 2.0 under the open
window area of the films. An additional 6 films were exposed to Cobalt-60
gamma, radiation to a dose of 1763 mrad; based on the above measurement.

The densities of the films after processing were read in all filter
positions except the thin plastic area, and doses were assessed using formula
I and the prépared cobalt calibration curve. Mean ratios of assessed to
given doses are plotted as open circles in Figure 3. In the x-ray region
the points average about 0.2 greater than values expected from the formula.
Atkleast part of this deviation must be due to an error in the calibration
curve since the value for ccbalt wés about 8% higher than expected. It was
noted by comparison with a number of other calibration graphs that the shape
of the curve differed slightly from the "average" type of graph in the
density range of 1 to 4, the curve veering slightly more sharply to the

right (i.e., to higher doses for the same density).
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TABLE 5 =~ Radiation qualities at which further sets of films were exposed

Generating voltage Equivalent monoenergetic
(xv) HVL photon energy (keV)
50 1.0 mm Al 21
5 2.0 om Al 26
100 3.0 mm Al 30
100 4.0 mm Al 33
125 5.0 mm Al 35
180 1.0 mm Cu ' 72
220 2.0 mm Cu ‘ 21

A further calibration graph was obtained by exposing 6 films at each of 8
dose levels in the 0.1 - 4 0.D. range. This curve deviated by about 10%
from the previou: curve in the 0.D. region of 2.0 and by rather greater
amounts for lower densities. No reason has been established for this
variation. A comparison of calibration curves prepared over a period of
time and for different film emulsions indicated however that variations in
curves, mostly demonstrated by sideways translationg, could be as great
between repeated assesgments on a given emulsion batch as on assessments

- between different emulsion batches. There did not appear tc be any
substantial variation in the shape of the curves. Using the more carefully
_prepared calibration curve, doses were re-apgessed using formula I, and the
mean dose ratios obtained are also plotted in Figure 3. Error bhars
indicate one sd. t is apparent that the assessed mean velues provide a
reasonable it to the AERE formuls based curve, although tending to be
digplaced towards lower energies. This effect would appear to be
attributable to the broader radiation spectra employed in this work as

compared with the more monocenergetic radiation beams used by the AERE.

A comparison with the formula~derived curve for the RPS data (Figure 1),
however, indicateg a poorer fit than for the ABRE data response graph, a
result which was not to be expected since the radiations employed were more

closely similar in homogeneity to the RPS than the AERE radiations.
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To improve the response of the formula-derived curve in the low enérgy
region Jones and Marshall (1964) have proposged a modified formula,

Dose = Sn/Pb dose + 0.13 (thick plastic dose) - 0.12 (dural dose),
to be applied to RPS data. This formula yields the response graph shown in
Figure 4. The assessed to measured dose ratios corresponding to the closed
circles in Figure 3 have been re-assessed using the modified formula and are
plotted in Figure 4. In the low energy region the fit of these points to
the curve is unsatigfactory, the assessed values being too large and also
| very variable, as indicated by the magnitude of the standard deviations

about the mean values.

CONCLUSTIONL

As a result of these studies the following recommendations could be made:

1. Particular care is required in scraping the thicker emulsion of films
which have been blackened to the extent that scraping only just
becomes necessary. Where possible density readings should be obtained

before sbraping.

2. In determining doses received by ealibration films it is preferable to
use an exposure rate determined by applying a decay factor for 6000
decay to an exposure rate carefully measured at some given date than

to make & re-measurement of exposure rate using thimble chambers.

3 A standard calibration curve should be established using an adequately
large number of filmg, and any variations between emulsion batches
should be determined at one or two dose/density levels using at least

5 films per point.

4. Doses assessed using the AERE formula for films exposed to diagnostic
quality x-radiation will average about 15-20% greater than the true
doses. The obgerved gtandard deviations of the mean ratios imply that
one film in 20 will be assessed a value differing by more than about

0.1 from the mean.
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Tt would appear useful to determine film response with energy graphs
for each film using radiation qualities commonly employed. With this
data various dose assegsment formulae could be tested to obtain one

providing satisfactory accuracy and small dispersion.
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LIST OF PIGURES

Figure 1 Variation in assessed to actual dose ratios with equivalent

energy for combined emulsions.

Figure 2 Variation in assessed to actual dose ratios with equivalent

energy for scraped films.

Figure 3 Variation in assessed to actual dose ratios with equivalent
energy for combined emulsions showing effect of different

calibration graphs.

Figure 4 ' Closed-circle data of Figure % re-assessed using RPS-modified

rormila.
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FIG 3

m Refer to text.
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