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Personnel protection and shice 1dings,

The quality of radiation scattered from the CI-scanney was not measured, but
it was expected that it would not differ to any great degree from the quality
of the primary x-ray beam. This latter already has been estimated to be HVL of
6.7 mm aluminium. To obtain an indication of the likely quality of CI-
scatter, measurements were made at NRL using the Toshiba DC~12M 2-pulse x-ray
machine at 120 kVp with filtration in the primary beam approximately that of
the CT~scanner. The perspex/water phantom was used to scdatter the primary’
x-ray beam. The quality of the scattered radiation was determined to be

6.0 mm aluminium. It is interesting to make comparisons with direct
radiography x-ray rooms. Generally it has been observed during NRL radiation
protection surveys that scattered radiation in direct radiography varics from
about 3 to 20 Gy in air per mA-min ave raged over all kV settings in the
diagnostic range and measured under much the same conditions as reported here

-1 a2t 1 m can be used in

for Clf-scanning. An overall average 10 UGy mA-min
protection planning. This is considerably greater than the scaiter in CI-
scanning and is due mainly to the large volume irradiated in direct radJOﬁraphy

relative to that in CT-scanming.

Typical workloads in direct radiography range from about 300 mA-min week™! to
a maxinum of 1200 mA-min week™!; 1000 mA-win week™! is used in most protection
planning by N¥RL. In contrast the Auckland CT-scanner at the time of these
measurements had a workload of about 4600 mi-min week™!. (The CT~scanner is
operated over a 2-shift working day. To the extent that protection planning
jignores this, a conservative margin is providéd in shielding.) Thus while the
suat(orcd radiation intensity for direct radiography is the greater, its

total workload is less than in CT-scanning with the result that the weekly
radiation doses at the walls of the CT-room approximate those in direct
radiography(is). However, the CTwscatteiad radiation generated from a 120 kV
primary beam which is well-filtered demands a greater thickness of shleldlng
materials than does the usual diagnostic scatter to reduce it to a speéified

gafe level.

In CT x-ray rooms, and in special procedures x-ray rooms, there is a need for
large observation windows at the Xx-ray controls. If these windows are made of
lead glass, their cost is high. Therefore the feasibility of using plain glass

has been examined.

Suppose that a plain glass observation window vere to be required at the x-ray

controls of a CT-installation. The average dose rate from scattered radiation
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1.5 UGy mA-min~! at 1 m

1

The total weekly workload over 2 shifts day™, 5 days weel ™!

¢ plus weekend

call is
4600 mA-min week”™
The scattered radiation dose rate at I m is thus

UGy mA-min™? % 4600 mh-min week”
= 6900 WGy weelk™!

If the nearest occupiakle position at the x-ray controls was 3.2 m from the
source of scatter, then with no attenuation the dose vate at the x-ray contrcls

would be

The ugual design dose rate in veray protection planning is 100 uGy veek™" at
the mearest occupiable position. The maximum trensmission through the control
room window is thus:

v vrm el
23? H?y wcc&_rw = (.148 or 14.8%
674 uGy week™”

Tn order to determine the thickness of glass requived to effect the necesggary
absorption one could use a primavy z-ray beam of similar chavacteristics to
the CT beam and determine the attenuatien of that beam by glass of various
thicknesses. Alternatively, one could sot up a scattering situation undevr

laboratory conditions using that primary beam of CT-quality to generate
scatfer and messure its attenuation by piass. While the very low intensity of
scatter makes this latter method of lesser accuracy, it is the wmore appropriate.
The situation is complicated because the quality of scatter depends not only
on the primary beam gpectrum but the filtration effect of the scattever, and
the seattering angle. Both methods were used with the scatter technigue
attempting to follow as closely as pos ssible the geometyy of CT-scanning. It
was found from the resulting attenuation curves that a reduction to 14.9% in
primary beam intensity for a 120 kVp, 6.7 mw HVI, beam is achieved by 34 mm

of plain glass; and a reduction to 14.9% in intensity of radiation scattered

from a Rando phantom at about 100° using the same primary beam is achieved by

26 mm of plain gliass.
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Tf protection is to be considered for occupationally-exposed persons on a
per-shift basis then the required attenuation down to 14.97%Z can be relaxed
to 29.8%. The two glass thicknesses derived from the attenuation curves are

then 19 mm and 15 mm respectively.

It is to be emphasised that these are minimum thicknesses required to

achieve occupational exposure no greater than 100 Gy week™! (as would be
registered on radiation monitoring film badges). It may be economically

possible and sccially desirvable (following TCRP) to add e margin to these
thicknesses to ensure not only adequate proteccion but radiographer satisfaction
with it. While Skiffingtoun and Luketina<16) have reported that some glasses
used in spectacle and sunglasg lenses contailn heavy metal compounds and afford

.

significant radiation absovption, this is not the case for window glass.

L 5
Uniform thickness samples of plain plate glass, "bronze", "reflecto", "grey",
“ereen’ and "spectro' float glasses, differed by no more than %17 in their

rodiation transmission of z-ray beams at 70 kVp and 100 kVp.

The current price of lead glass is understood te be in the order of $600 per
souave foot of standard 1.5 vm lead equivalence; a 1 m® window could cost

. The relatively-new Japanese product, transparent acrylic

introduced at the same price as lead glass, but may have become

A recent quotation for lead acrylic sheet at I me lead equivalence was

Ny o D ‘. ) . . s .
$1700 m™¢ while 0.8 mm lead ecuivalence would be $1400 m 4, TLocal prices

1 plate glass ave now about $84, $183, $397 m=? respectively for 10, 19,

)
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o
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25 wm thicknesses. Plain glass totalling 35 wmm thickness (as double glazing
of 10 mmn and 25 mm) would thus be around $400 m™%. Two thicknesses of 25 mm
each would cost arvound $800 m™?. Note that this is not eyuivalent in

protecitive value to the lead glass cor acrylic lead above ~ it is simply that

which 1s adequate for shielding in the present case.

In relation to the total cost of the CT-scanner and suite, the cost of using
conventional lead glass instead of cost minimising with plain glass may be
justified. A decision on this issue could be influenced by the attitudes of
radiographic staff who may look for very low levels of radiation in their

working environment,



- D

RETFERENCES

(1

(2)

(3)

(4)

(6)

(7

(8)

(9)

(10)

(i

(12)

American Association of Physicists
in Medicine (AAPH)
Wyman A. C., Lawson, T. L.,
and Goodman L. R.
MeCullough B C.
Jucius R. A., and Kambic G. X.
Szulce M.}And Judy P. T,
Cardew A. P, St. E,, Southon F. C. G.,
Stewart R. J. J., and
Ackland, H. S.

Dixon R. L., and Ekstrand K. E.

Reach J. L., and Christensen R.

Le Heron J. C.

Williamson B. D. P.

Schneider R. H.

Le Heron J. C., and Luketina I.A,

Phantoms for porformanca evaluation

=G Cannors .

Tliinois,

and quality assurance of CT
I

AATH Report No
1977 -

Chicago,

Transverse the human thorax,

abdomen and pe
Boston, 1978,

&

Little, Brown Coy.
Specifying and evaluating the
performance of computed tomography
gcanners.
Medical Physics
291-296.

7 No 4 July/August 1980

Radiation dosimetry in computed
tomography.
Optical Tnstrumentation in Medicine VI

(1977) 127, 286-295
Dose and image performance of CT-scanns

=y

Medical Physics 6, W5 6. Nov./Dec. 197¢
479486

Dosimetry of CT ccanners.

Australasian Radiolopy (1980} 24 182-~1¢
A film dosimetyy Myc!”am for ugse in

compubed
Radiology (19/8)

s

distribut:
DU T 1.
SthuilLd1

Rapid analysis
in CT~gcanmer

Presented at twng.
Medical Thys August 198

(Abstract).

Kilovoltage determinations on diagnost
x-ray tubes,

NRL Report 1980/ . (In preparation).
Radiation dose levels in CT-scanning.
Presented at the Third Asian and
Australasian Counference of the
International Society of Radiographers
and Radiological Technicians, Singapor

26-30 October 1979.
Conciderations in the establishment of

standards for computerised

scameoers,

performance
tomography
In: Ninth Annual National Conference
Radiation Control, 91-102.
Washington, D.C.: U.S. Department of
Health, Education and Welfare, 1978.

A survey of radiation doses in special
wx-ray procedures in three New Zealand

hospitals.

NRL, Report 1980/2.



(13)

(14)

(16)

Suzuki A., and Suzuki M. N.

Pavlicek W., Uorton J., and
Turco R.

Luketina I. A., and Le Heron J. C.

Skiffington €. V. M., and
Luketina Y. A.

Use of a pencil-shaped ilonisation
chamber for measurement of exposure
resulting from a computed tomography
scan.

Medical Physics 5 Nov./Dec. 1978
536-539. ‘

Fvaluation of MDH Industries Inc. penci
chamber for direct beam CT measurements
Health Physics 37 December 1979 773-774

4

Radiation dose survey in a regional
hospital (hospital no. 2).
NRL Report 1679/12.

The offectiveness of various eyeglasses
in radiation protection.
Shadows 22 September 1979 61-63.

T






