RBE or QF

Effective dose

The rem (unit)

The sicvert (unit)

Natural radioactivity

TABLE 31-1

Radon

Quality Factor (QF) of
Different Kinds of Radiation

Type QF
X- and vy rays 1
B (electrons) =1
Fast protons 1
Slow neutrons =3
Fast neutrons Upto 10
« particles and Up to 20

heavy ions

Film badges and dosimeters

Radiation sickness
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The gray and the rad are physical units of dose—the energy deposited per
unit mass of material. They are, however, not the most meaningful units for
measuring the biological damage produced by radiation because equal doses of
different types of radiation cause differing amounts of damage. For example,
Irad of @ radiation does 10 to 20 times the amount of damage as 1rad
of B or y rays. This difference arises largely because « rays (and other heavy parti-
cles such as protons and neutrons) move much more slowly than 8 and y rays
of equal energy due to their greater mass. Hence, ionizing collisions occur closer
together, so more irreparable damage can be done. The relative biological
effectiveness (RBE) or quality factor (OF) of a given type of radiation is defined
as the number of rads of X or y radiation that produces the same biological
damage as | rad of the given radiation. Table 31-1 gives the QF for several types
of radiation, The numbers are approximate since they depend somewhat on the
energy of the particles and on the type of damage that is used as the criterion,

The effective dose can be given as the product of the dose in rads and the QF,
and this unit is known as the rem (which stands for rad equivalent man):

elfective dose (in rem) = dose (in rad) x QF. (31-10a)
This unit is being replaced by the SI unit for “effective dose,” the sievert (Sv):
effective dose (Sv) = dose (Gy) * QF, (31-10b)

By these definitions, | rem (or | Sv) of any type of radiation does approximately
the same amount of biological damage. For example, 50 rem of fast neutrons does
the same damage as 50 rem of y rays. But note that 50 rem of fast neutrons is only
5rads, whereas 50 rem of y rays is 50 rads.

We are constantly exposed to low-level radiation from natural sources:
cosmic rays, natural radioactivity in rocks and soil, and naturally occurring
radioactive isotopes in our food, such as })K. Radon, *})Rn, is of considerable
concern today. It is the product of radium decay and is an intermediate in the
decay series from uranium (see Fig. 30-11). Most intermediates remain in the
rocks where formed, but radon is a gas that can escape from rock (and from
building material like concrete) to enter the atmosphere we breathe. Although
radon is inert chemically (it is a noble gas), it is not inert physically—it decays
by alpha emission, and its products, also radioactive, are nor chemically inert
and can attach to the interior of the lung,

The natural radioactive background averages about 0.30 rem (300 mrem) per
year per person in the US., although there are large variations. From medical
X-rays, the average person receives about 50 to 60 mrem per year, giving an average
total dose of about 360 mrem (3.6 mSv) per person. Government regulators suggest
an upper limit of allowed radiation for an individual in the general populace at
about 100 mrem (1 mSv) per year, exclusive of natural sources. It is not known if
low doses of radiation increase the chances of cancer or genetic defects, so the atti-
tude today is to play safe and keep the radiation dose as low as possible.

The upper limit for people who work around radiation—in hospitals, in
power plants, in research—has been set higher, a maximum of 5rem (50 mSv)
whole-body dose in any one vear, and significantly less averaged over more vears
(below 2 rem/yr averaged over 5 vears). To monitor exposure, those people who
work around radiation generally carry some type of dosimeter, one common
type being a radiation film badge which is a piece of film wrapped in light-tight
material. The passage of ionizing radiation through the film changes it so that the
film is darkened upon development, and so indicates the received dose, Newer
types include the thermoluminescent dosimerer (TLD). Dosimeters and badges
do not protect the worker, but high levels detected suggest reassignment or
modified work practices to reduce radiation exposure to acceptable levels.

Large doses of radiation can cause unpleasant symptoms such as nausea,
fatigue, and loss of body hair. Such effects are sometimes referred to as
radiation sickness. Large doses can be fatal, although the time span of the
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