EXPERIMENT 24

Measurements in Health Physics

EQUIPMENT NEEDED FROM EG&G ORTEC

Bin and Power Supply

905-3 2- by 2-in. Nal(T}) Crystal and Phototube

266 Photomultiplier Tube Base

556 High Voltage Power Supply

113 Scintillation Preamplifier

575A Amplifier

ACE-2K MCA System including suitable IBM PC (other
EG&G ORTEC MCAs may be used)

875 Counter

719 Timer

903 End-Window Geiger Tube

906 GM Inverter

Surface Barrier Detector A-015-025-1500

142A Preamplifier

Oscilioscope

807 Vacuum Chamber

428 Detector Bias Supply

905-5 Plastic Scintillator and Phototube

Mechanical Vacuum Pump

10 sheets each: PbPI-2, CdPI-1, SIPI-1, AIPI-1, PnPI-2
4 each AIFI-1, AIFI-2, AIFI-3, AlIFI-4

2 each AIFI-5

8 each PbPI-3

Source Kit SK-1G

25 uCi “'Cs

3 Ci Am-Be Neutron Source

Portable Geiger-Mueller Health Physics Survey Instrument
ORC-24 Cable Set

‘Purpose
To study some of the basic concepts associated with radia-
tion protection and good health physics practices.

The field of health physics is very broad, encompassing
various facets of the nature of radiation effects in living
animals. The primary concern is one of protection against
exposure. This experiment is an attempt to inform the stu-
dent of the merits of various types of shielding against com-
mon forms of radiation encountered in laboratory situations
and does not exhaust the field of heaith physics. It is not
meant to fully qualify the student in the discipline of health
physics. For additional information and applicable regula-
tory guidelines on this subject matter, consult the references
for this experiment and the local pertinent authorities.

Introduction

In any laboratory where radioactive sources are used, every-
one should be aware of, and use, good health physics prac-
tices. Most of the radioactive sources that are used for the
experiments in this manual are sealed and have low activity,
s0 they do not present a real health physics problem. For the
experiments that require higher activity sources, we have
carefully explained the particular safety techniques that
should be used in setting up and performing the experiment.
The main goal of any health physics program is to reduce
personal exposure, both external and internal, to aminimum.

Assume that a fairly “hot” source must be used in an experi-
ment. There are three general ways to minimize exposure
when using this source. These are:

1. Do not stay in the vicinity of the source any longer than
necessary.

2. Remember the 1_/R2 relationship that is valid for all iso-
topic radiation sources; stay as far away from the source as is
practical during the experiment.

3. Where necessary, use shielding between the source and
yourself. The amount of shielding and the type of shielding
material depends on the type of radiation that the source is
emitting.

Alpha particles lose energy rapidly in any medium because
of their high specific ionization. Therefore, as was shown in
Experiment 5, even a thin foil will stop most alphas. But there
is another very important consideration; most alpha sources
will decay not only to the ground state of the daughter
nucleus, but also to excited states. The de-excitation of these
levels can result in gammas or x rays from internal conver-
sion. The attenuation of gammas and x rays were studied
briefly in Experiments 3 and 11. For low-energy gammas or
x rays, the most pronounced attenuation mechanism is the
photoelectric effect. Since the cross section for this process
varies as Z°, where Z is the atomic number of the absorber,
the best shielding material for low-energy photons is some-
thing heavy like lead.

in Experiment 6 we were concerned with beta sources and
internai conversion electron sources. The process by which
betas lose energy in absorbers is similar to that of alphas.
The beta particle is not as massive and, hence, its specific
ionization is not as great as for alphas. in air, alphas trave!
only a few centimeters where betas will generally travel
many feet. The thickness and choice of material for shield-
ing betas depends on the end-point beta energy of the iso-
tope and on the Bremsstrahlung radiation that is always
present for a beta source. In general, the shielding thickness
that is necessary to stop betas of a given end-point energy
will decrease with increasing density of the shield. For
example, 0.1 in. of aluminum wili stop 1.5-MeV betas. For
lead, 0.024 in. will do the same job. The Bremsstrahlung pro-
duction in the shielding must also be considered. This pro-
duction rate increases with the atomic number of the ab-
sorber. So, for this reason, aluminum or even glass might be
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