m Measurement of Radiation—Dosimetry

Although the passage of ionizing radiation through the human body can cause
considerable damage, radiation can also be used to treat certain diseases, partic-
ularly cancer, often by using very narrow beams directed at a cancerous tumor
in order to destroy it (Section 31-6). It is therefore important to be able to
quantify the amount, or dose, of radiation. This is the subject of dosimetry.
The strength of a source can be specified at a given time by stating the
source activity, or how many disintegrations occur per second. The traditional — Sowrce activity
unit is the curie (Ci), defined as

1 Ci = 3.70 x 10" disintegrations per second. The curie (unit)
(This figure comes from the original definition as the activity of exactly one
gram of radium.) Although the curie is still in common use, the ST unit for
source aclivity is the becquerel (Bq), defined as
1 Bq = 1 disintegration//s. The becquerel (unit)
Commercial suppliers of radionuclides (radioactive nuclides) specify the
activity at a given time. Since the activity decreases over time, more so for
short-lived isotopes, it is important to take this into account.
The source activity (AN/Ar) is related to the number of radioactive nuclei
present, N, and to the half-life, T, by (see Section 30-8):

AN 0,693

At ’ T

JEXEHEIREN Radioactivity taken up by cells. In a certain experi-
ment, 0.016 uCi of 3P is injected into a medium containing a culture of
bacteria. After 1.0 h the cells are washed and a detector that is 70% efficient
(counts 70% of emitted B rays) records 720 counts per minute from all the
cells. What percentage of the original 33P was taken up by the cells?

APPROACH The half-life of 2P is about 14 days (Appendix B). so we can
ignore any loss of activity over 1 hour. From the given activity, we find
how many B rays are emitted. We can compare 70% of this to the
(720/min) /(60 s/min) = 12 per second detected.

SOLUTION The total number of disintegrations per second originally was
(0.016 x 107°)(3.7 % 10") = 590. The counter could be expected to count
70% of this, or 410 per second. Since it counted 720/60 = 12 per second, then
12/410 = 0.029 or 2.9% was incorporated into the cells.
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Another type of measurement is the exposure or absorhed dose—that is,  Absorbed dose
the effect the radiation has on the absorbing material. The earliest unit of
dosage was the roentgen (R), defined in terms of the amount of ionization
produced by the radiation (1.6 X 10" jon pairs per gram of dry air at standard
conditions). Today, 1 R is defined as the amount of X or y radiation that
deposits 0.878 > 1077 of energy per kilogram of air. The roentgen was largely
superseded by another unit of absorbed dose applicable to any type of radiation,
the rad: [ rad is that amount of radiation which deposits energy at a rate of  The rad (unit)
1.00 % 107°1/kg in any absorbing material. (This is quite close to the roentgen
for X- and ¥ rays.) The proper SI unit for absorbed dose is the gray (Gy):

1 Gy = 1J/kg = 100 rad. (31-9)  The grav (unit)

The absorbed dose depends not only on the strength of a given radiation beam
(number of particles per second) and the energy per particle, but also on the
type of material that is absorbing the radiation. Bone, for example, absorbs
more of the radiation normally used than does flesh, so the same beam passing
through a human body deposits a greater dose (in rads or grays) in bone than
in flesh,
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