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Fig. 1. Megavoltage x-ray radiograph of 1 cm layer
filled with lead balls of diameter ranging 2.0~
2.5mm. Distance from the lead balls to film was
70cm.
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Table 1. HVL of lead and steel for high energy x-ray.

Material Lead Steel
Shape of body Ball Plate | NCRP" | Ball Plate | NCRPY
Density (g/cm®) 6.93 11.34 -— 475 7.86 -
HVL (cm) 1.89 1.16 1.60 3.24 1.96 2.7
4 MV Ratio of HVL® | 1.63 - 1.38 1.65 - 1.38
X-ray _
HVL, (g/cm® | 13.10 | 13.15 — 1539 | 1541 -—
HVL (cm) 2.07 1.26 1.69 3.70 2.24 3.0
6 MV Ratio of HVL® | 1.64 - 1.34 165 - 1.34
X-ray :
HVL, (g/cm®) | 1432 | 1428 - 1758 | 1760 -—
HVL (cm) 2.16 1.32 1.66 415 251 32
10 MV ) )
Ratio of HVL 164 - 1.26 1.65 —= 1.27
X-ray :
HVL, (g/cm?®) | 1497 | 1497 - 1971 | 1973 —

? The ratio of HVL is the ratio of HVL of metal balls including air to that of
metal plate or the ratio of the HVL from NCRP-49 to the measured data.
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Protection effect of metal balls against high energy
photon beams

Wee-Saing Kang, Ph.D., Suk Jong Kang”

Dept. of Therapeutic Radiology College of Medicine Seoul National
University, Seoul 110-744 Korea
* Sang-ho Lead Industry, Co., Seoul 135-080 Korea

The purposes of this report are to evaluate whether lead ball and steel ball could
be used as protective material of radiation and to acquire physical data of them for
protecting 4-10 MV X-ray beams. Lead balls of diameter 2.0~25mm or steel balls
of diameter 1.5~2.0 mm were filled in an acrylic box of uniform width. An MV
radiograph of metal balls in a box were taken to ascertain uniformity of ball
distribution in the box. Average density of metal ball and linear attenuation
coefficient of metal balls for 4~10 MV X-rays were measured. At the time of
measurement of linear attenuation coefficient, Farmer ionization chamber was used
and to minimize the scatter effect, distance between the ball and the ionization
chamber was 70 cm and field size was 55cmX55cm. For comparison, same
parameters of lead and steel plates were measured. The distribution of metal balls
was uniform in the box. The density of a mixture of lead-air was 6.93g/cm3, 0611
times density of lead, and the density of a mixture of steel-air was 4.75g/cm3,
0.604 times density of steel. Half-value layers of a mixture of lead-air were 1.89
cm for 4 MV X-ray, 2.07 cm for 6 MV X-ray and 2.16 ¢cm for 10 MV X-ray, and
approximately 1.64 times of HVL of lead plate. Half-value layers of a mixture of
steel-air were 3.24 cm for 4 MV X-ray, 3.70 cm for 6 MV X-ray and 4.15 cm for
10 MV X-ray, and approximately 1.65 times of HVL of lead plate. Metal balls can
be used because they could be distributed evenly. Average densities of mixtures of
lead-air and steel-air were 6.93g/cm3, 4.75g/cm3 respectively and approximately 1.65
times of densities of lead and steel. Product of density and HVL for a mixture of
metal-air are same as the metal.

Key word: Lead ball, steel ball, protective material, MV photon beam, half
value layer
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