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Brief Review of Radioactivity and
Radionuclides basic concepts
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Element X is depicted by
A A = Mass Number
X N = Neutron Number
Z Z = Atomic Number
(Proton Number)
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Radioactive Decay
Radioactivity is produced when unstable nuclei decay.
The disintegration of radio-nuclides releases excess energy in the form
of nuclear radiations.
Radioactive decay takes place in several ways emitting radiation such as:
Alpha rays
Beta (negative and positive) rays
Gamma rays
Neutrons
Neutrinos
Proton decay
Internal conversion electrons
Characteristic x-rays
Fission fragments
The heavy radioactive elements and their decay products
predominantly emit three types of radiation:
Alpha rays, Beta rays, Gamma rays




Radioactive Decays
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Alpha decay followed by gamma decay:

4
Alpha particleis He .
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234 230
The unstable isotope U decaysto Th by alpha and

92 142 90 140
gamma radiation. The atomic number decreases by 2 and

mass number by 4.
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Alpha decay of 2*U to #*'Th
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Table 1: Alpha decay of ***U to ***Th (shown in the format of chart of nuclides).
The atomic number Z reduces by 2.
The neutron number N reduces by 2.
The mass number A reduces by 4.
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Radioactive Decay

Beta decay followed by gamma decay.
Beta particle is electron ejected by excited nuclei. Their charge can be
positive or negative.

SR B+y.
19 21 20 20

The radioactive isotope 5 decays to “Ca by beta and gamma
19 21 20 20

radiation. Neutrinos are also emitted. A neutron is transformed into

proton. The atomic number increases by 1 and mass number remains

unchanged.
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Beta decay of *°K to °Ca

Ca 37 Ca 38 Ca 39 Ca 40 Ca 41
~ 0181s 0.440s 0.859s _96.941 1.3E5y

K 36 K 37 K 38 K 39 K40

1.28E9 y

0.342s 1.23s o9ssjzeam 93.258 0.012

17 | 18 | 19 | 20 | 21

Table 2: Beta decay of ¥°K to #°Ca (shown in the format of chart of nuclides).

The atomic number Z increase by 1.
The neutron number N reduces by 1.

The mass number A remains unchanged.
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Radioactive Decay

Gamma rays (y) are emitted when an excited nucleus de-excites, by
the transition from an excited energy state to a lower energy state.
Gamma-rays have well defined energies and their emission often is
accompanied by nuclear reactions and nuclear decays.

Alpha particles (o) are ‘He particles with two protons and two
neutrons. The atomic number (Z) of the resultant nucleus is
reduced by two units, the mass number is reduced by 4 unifts.

Negative Beta particles or negafrons are emitted when neutron
is tfransformed into a proton during the nuclear transformation.

Negative beta particles are electrons formed during nuclear
transformation, hence are of nuclear origin.

The atomic number (Z) of the resultant nucleus is one unit greater,
but the mass number is nunchanged.
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Figure 1: Gamma and beta decay scheme of *“Co and *°Co.
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Figure by MIT OCW.

Figure 2: Pictorial depiction of simultaneous alpha, beta and gamma emissions
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Units of Radiation Dose and Exposure

= Radioactivity 1s measured 1n unit of
disintegration per second (dps).

1 Becquerel 1s 1Bq = 1 dps
1 Curie1s 1C1 =3.7x10°Bqg  old unit
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Units of Radiation Dose and Exposure

The amount of radiation is usually referred to as Dose.
Dose is different from Exposure.

The gquantities and units of Radiation Dose and Exposure are not

simple but are complex involving various parameters such as type
of radiation, absorbed dose (D), quality factor (Q), any modifying
factor (N), etc.

After going through an evolution in a period of more than a half a
century, the current units designated by SI (Systéme
International)

Unit of Dose Equivalent is 1Sievert =1 Sv (1 Joule/kg)
Unit of Dose is 1 Gray = 1Gy (1 Joule/kg)

1 Gy =100 rad; 1 rad = 0.01 Joule/kg

1 Sv =100 rem; 1 rem = rad x quality factor

Note: rad refers to any material and any radiation.

Ref: P126 Basic Nuciear Engineering; P 42 Environmental Radioactivity Merrll Eisenbud and Giesell.
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Measurement Units of the radiation
energy

The energy of radiation is typically measured In:

electronvolt (eV)



Energy of radiations m

AeV multiples:

A keV (100 eV) (X-rays)

A MeV (106 eV), (nuclear processes)

A GeV (10° eV). (pre-LHC era particle accelerators)
A TeV (1012 eV) (LHC era)

A Pev (10%° eV) (cosmic rays)
A Eev (1018 eV) (cosmic rays)
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* NORM - Naturally Occurring Radioactive
Material.

* TENORM -Technologically-Enhanced
Naturally Occurring Radioactive Material.




NORM Definition

Naturally Occurring Radioactive Material (NORM)

I any nuclide that is radioactive in its natural state (i.e. not
man-made), but not including source, by-product, or special
nuclear material. The associated radioactivity is

Naturally Occurring Radioactivity (NOR)



Naturally Occurring

Radioactive Materials
(NORM)

1 Primordial
1 Cosmogenic
1 Anthropogenic
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Naturally Occurring Radioactive
Materials NORM

The earth 1s radioactive and the world we live 1n, the
environment around 1s radioactive.
Radioactive elements can be categorized as

* Primordial — present even before or ever since the
existence of the Earth.

* Cosmogenic - formed as a result of cosmic ray
interactions.

= Anthropogenic - enhanced or formed due to
technology, human activities.




Naturally Occurring Radioactive
Materials NORM

Characteristics of Primordial elements

" long lived

= most half-lives of the order of millions of
years;

= must have been left-over on the earth,
because the radioactivity decays to very
minute levels usually after 30 half-lives.




Naturally Occurring Radioactive
Materials NORM

List of some more Primordial Radio-nuclides

209Bj, 13Cd, 142Ce, 152Gd, 174Hf, 115In, 1382,
144N d, 176y, 190P¢, 192P¢, 187Re, 87Rb, 147Sm,
123 e, S0V




Naturally Occurring Radioactive
Materials NORM

The uranium and thorium decay series

Detailed information of radioactive decay of **°U, ***Uand
232Th, and their daughter products, the corresponding half-life
of each and the decay sequence are provided in many text
books and web sites.

References:

1) Figure 13.1 *°U radioactive decay chain.

Figure 13.2 *°®U radioactive decay chain.

Figure 13.3 ***Th radioactive decay chain.

Chapter 13. Nuclear techniques for the determination of
uranium and thorium and their decay products,

A hand book of silicate rock analysis, P. J. Potts.

2) http://www health.state.ny.us/nysdoh/radon/chain.htm




Dominant isotope of U
is 28U (99.2%)

—Is parent of all other
U isotopes.
—is a major alpha
emitter.
—1 1 =447 GA Number of Energy Levels: 7

238 | = -10y /-1
Il U=1.55x10 yr First Energy Level: 2

(decay rate)_ Second Energy Level: 8
Third Energy Level: 18

Fourth Energy Level: 32
Fifth Energy Level: 21
Sixth Energy Level: 9

Seventh Energy Level: 2

hitp:/lwww _chemicalelements.com/elements/u_himl




Natural uranium contains 99 percent U-238 and only
about 0.7 percent U-235 by weight.

238

U238 1235

99% §—0.711%

Other Uranium
Isotopes (U?34)

htip:/iwww . nrc.gov/materiais/fuel-cycie-fac/ur-enrichment.himi




U abundance Pb abundance U/Pb ratio
(Ppm) (ppm)

Meteorites 0.008 2.470 0.003

Primitive mantle 0.021 0.185 0.113
Continental crust 14 12.6 0.111

The figure given for the continental crust is an average of the
entire crust. Of course, local concentration of uranium can far
exceed these values, ranging up to 50 ppm disseminated in
some granites, to much higher values in ore deposits. In fact, in
the geological past, local concentrations of uranium have
occasionally achieved natural criticality, for example the Oklo
reactors in Gabon. hitp:/fworid-nuclear org/info/inf78_htm




235

» also occurs naturally in small quantities;
useful b/c it fissions

» present day: 2°°U/2>U =138/1 = N,,o/N, ..

» 22U > t,, =700 Ma (That's why there is so
much less).

» 235U -alpha decay - 2°"Pb; 28U -alpha,
beta decay - 2°°Pb.




Companion Decay Series:

« 233 232Th - Don't produce nuclides,
which are useful tracers for geologic/
environmental processes.

« 2350 ysed in fission bombs because it splits

apart more readily than 238U.

» a method to enrich 235U ratio from 1% to
6%, enables manufacture of nuclear
weapons (method is gaseous  diffusion;
le. Paducah, KY).

9




Uranium goes through a series of gamma and beta decays

2381 -alpha beta decay - 2°°Pb.
Alpha (a) = 2p, 2n - “He.
Beta (p-) = e-

— therefore, 4He is a decay product (will
sniff *He while prospecting for U).

Dating technique: 2°Pb/?*¢U coupled
with 2°U.,




In the oceans, U is stable and Th is rapidly

removed into sediments.

220Th = 0 ; 22Th=0 = 20Th = 230Th_e™
=2 t=(-1/1) In (23°Th/230Th,)

In corals, look at 234U = 230Th :

230Th chronometer of choice to establish age of
corals.

2341 useful in age dating of old water.

** Calibration curve relation allows for pretty
good estimates up to 100 kyr

- 234 & 230Th & 14C age versus age reflect
climatic conditions
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Naturally Occurring Radioactive
Materials NORM

Table 3.
K, Th and U
Concentrations and activities in rocks and soils
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Based on: Table 6-6, pp 140, Environmental Radioactivity from Natural, Industrial and Military Sources.
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Natural radioactivity in soil

» Activity levels vary greatly depending on soil
type, mineral composition and density.
Activities for the 4°K, 232Th, #38U, #2°Ra and
222Rn using typical numbers may be viewed on
the web site:

http://www .physics.isu.edu/radinf/natural. htm
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Natural Radioactivity in the Ocean

= Activity levels for the K, °H, ®’Rb, *C mn
Pacific and Atlantic oceans using typical
numbers may be viewed on the web site

http://www.physics.isu.edu/radinf/natural.htm
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