


A radioactive isotope (radioisotope) can
decay and transform into another
radioisotope.
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H-3--->,He-3+ B+v+Q t-72=12.32year
C-14--->_N-14 + B+v+Q t-%2=5730 years




All living organisms have small amounts of .C-14 in them

This Is because a certain percentage of all carbon is the
radioactive Isotope carbon-14 ; it’s created by the action of
cosmic rays.

The (C-14 that decays to stable -N-14 or Is excreted is
balanced by C-14 that Is brought into the organism’s body as
part of it’s normal carbon intake.

Thus, each organism has a specific amount of ,C-14.







Carbon-14 Dﬂting

Carbon-14 1s produced at a constant rate in Earth’s
atmosphere and 15 1n a fixed ratio to Carbon-12 in
living plants and animals.

Ratio of Carbon-14 to Carbon-12 1n orgame¢ matenal
(like wood, leather, cloth, antlers) decreases by half
every 3730 yrs.



C-14 This ratio is the atmosphere's total number
C-12 of pounds of carbon-14 divided by the total
A amount of carbon-12.
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(remember the Curies?)

The amount of polonium in their sample decreased by %2 over
regular time intervals.

Note that the word radionuclide essentially has the same

meaning as radioisotope.

No chemical or physical treatment could alter the amount of
radioactivity produced by a given amount of polonium or
radium.

Radioactivity seemed to violate the principle of conservation of
energy.

By E=mc”2, the conservation of mass-energy.




— Other units of activity include:

— 1 becquerel (abbreviated Bq) = 1 dps; and
— 1 curie (abbreviated Ci) = 3.7 x 10%° becquerel = 3.7 x 1019 dps.

In Pierre Curie’s honor, the 1910 Radiology Congress chose
the curie as the basic unit of radioactivity: the quantity of

radon in equilibrium with one gram of radium.
( )




— This makes sense intuitively; the more atoms
that are present in a radioactive material, the
greater will be the sample’s activity

— This also makes sense upon reflection; a material
with a short half-life decays very quickly, which
means It must be emitting radiation in large
amounts (it has a high activity).

— We can represent this dual dependence
mathematically.




2.%'.. The constant .693 is an artifact of choosing to work
-~ with half-lives when performing the calculus that
%« allows you to derive this mathematical expression.

N will be huge even for very small amounts of
radioactive material; for instance, one gram of water
contains 3.34556x10%% H,O molecules. That’s quite a
few molecules for .035, or about 1/30t™ of one ounce!




Compare this with 1 g of Co-60 (this is an equivalent number of atoms).

Thus, for roughly equal numbers of atoms, the activities differed by a factor of
about 1 x 10°.




Remember that activity depends upon the number
of atoms in the sample as well; so you can pile up
more uranium atoms to get a larger activity.
However, it would take about 3.4 billion grams
(~770 tons) of U-238 to match the activity of 1 g of
Co-60!

The Co-60 has a much shorter half-life (about one
billion times shorter), so it decays much more
quickly.

The activity of the Co-60 decreases by %2 every
5.27 years.

After 105 years, the activity of the Co-60 has
decreased to ~ 1,000 uCi (a factor of one-million
decrease).

The activity of the U-238 remains essentially
unchanged after 105 years, and is still 1.67 uCi.







e Absorbed dose Is the energy absorbed by matter as ionizing radiation
- gags i Interacts with it (a somewhat simplistic definition that works for the

The units of absorbed dose are as follows.
rad

rad
In terms of Sl units:
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—What is the energy (E) of the radiation?

—Calculate the “Q-value” of the originating reaction, and use
this to calculate the energy of each individual particle or

photon that Is emitted (remember that Q Is the overall energy
of the reaction).

—What is the activity (A) of the source?

How long was the irradiation?

What is the fraction of emitted ionizing radiation that Is
actually absorbed?




radiation
o particles
neutrons
particles
X-rays/y-rays

Q
20

10 (average)
1
1




Note that Q as used in this context differs from the
Q-value of a nuclear reaction.




radiationQ dose equivalent

alpha 20 20 rems
gamma 1 rem




“rem” IS “rems”.

— For instance, one curie is a huge amount of radiation, but it may not
translate to a large dose equivalent.

— The dose received by standing one foot away from a one-curie
tritium source will essentially be nil, because the beta particles
emitted by the tritium will not even be energetic enough to escape
whatever material (plastic or glass) that is being used to encapsulate
the tritium.




— 400 rems of x-rays could kill a person if absorbed over the whole
body.

when discussing absorbed energy, it is correct to use rads,
rather than rems, because the rem is not a unit of energy; however,
say 400 rems to the students in this instance to avoid confusion,
since the students were just told to use rems when discussing
biological organisms that have absorbed ionizing radiation.




— Minimize the amount of time irradiated by the source.
— Maximize the distance from the source.

— Maximize the shielding between the source and the target.




