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Primordial natural radionuclides

Lifetimes >~ earth age or descendants
[secular equilibrium]

4n

4n’+2
4n+3

4n+1 family was 237Np, but «short» lifetime (106 yrs)
à residual: 209Bi



Some have very short chains

• 40K à 40Ca + e- + n
Is. Ab. 0,01%

• 87Rb à 87Sr + e- + n
Is. Abb. 27,8%



Example: 40K

• Potassium fractional mass in human body: f~3 
10-3 à 70kg man has ~210g of potassium
• 40K isotopic fraction today fI~1.2 10-4 à 70kg 

man has ~25 mg of 40K 
à 0.63 mM à 3.8 1020 40K nuclei

• 40K decays with t= 1.8 109 y= 5.6 1016s in
• b- (EP=1310 MeV) in 90% of the cases
• g (E=1460 MeV) in 10 % of the cases

A(man)~6 kBq!!!
600 cps of 1460 MeV Photons
5400 cpf of 1310 MeV b-



Chains



Decay laws in decay chains

Quantification of the decay law in the case

)(........... 121 stabileXCBA n¾¾®¾¾®¾¾®¾ -lll

Differential equation system, (Bateman Equations) :
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Ni(t) is the number of nuclides attime t and  λi is the 
corresponding disintegration constant



Nell’ipotesi che N0i = 0 per i = 2,3, .... N le soluzioni sono:
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The i-th element, absent at t = 0 is produced by the decay of the previous nuclides. Once the equilibrium
is reached asymptotycally reaches the same lifetime as the initial nucleus, assuming l1<< li (i>1)



Example with three nuclides

• t1=1yr
• t2=0.1yr
• t3=0.05yr

t(yr)

A



Rn-222

• Particularly important is the noble gas 222Rn, which is a 
member of the 238U series.

• It decays by a-emission with a half life of t1/2=3.82 
days. Because of its gaseous character it can diffuse out of 
the rock and mix into the air where it can be inhaled. 
Outside its concentration is low because of the dilution in air, 
but in closed rooms like basements its concentration can be 
quite large.

• Once inhaled, the majority of the dose is deposited in 
the trachea-bronchial region by the decay of the short-lived
daughters, 218Po and 214Po, which are both a-emitters.
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Radon in Buildings

There are two main sources for the radon in 
home's indoor air, soil and water supply.



Radon MAP (Italy)



Po-210

• Within the 238U chain, 210Po is present in 
tobacco. It emits 5.3 MeV a particles with an 
half life of T1/2=138.4 days.

When smoking cigarettes
lungs are exposed to a radiation!



Exercize

• Find alla the radionuclides in the 238U chain, following
only the most probable decay. For each, report:
• Decay type
• Lifetime

• Determine the age of the earth assuming that
originally all isotopes of Uranium where equally
present and that:
• The half lives are: 4.5 109 y (238U) and 7.1 108 y (235U)
• The present abundances are: 99.3% (238U) and 0.7%(235U)



Other sources of natural
radiactivity

• Spontaneous fission

• Nuclear fall-out and nuclear
plants:
• Direct production of fission
90Sr (T1/2=28y)
137Cs (T1/2=30y)
131I (T1/2=8.1d)
• Neutron induced production



Cosmic rays



Cosmic rays-a long story

• C.T.R Wilson discovered in 1900 the continuous 
atmospheric ionization.  It was believed to be due to the 
natural radiation of the Earth.  In other words, from the 
ground up.

• Wilson noticed the reappearance of drops of condensation 
in expanded dust free gas, the first cloud chamber.

• At the beginning of the 20th century scientists were 
puzzled by the fact that more radiation existed in the 
environment than could be explained by natural 
background radiation

• The debate was solved on a balloon flight  in 1912 from 
the University of Vienna.



Victor Hess

• In 1912 a Victor Hess, a German 
scientist, took a radiation counter (a 
simple gold leaf electroscope) on a 
balloon flight. 
• He rose to 17, 500 feet (without 

oxygen) and measured the amount of 
radiation increase as the balloon 
climbed. 
• Victor discovered that up to about 

700 m the ionization rate decreased 
but then increased with altitude 
showing an outer space origin for 
ionization.



• During subsequent flights Hess 
determined that the ionizing radiation 
was not of solar origin since it was 
similar for day and night.

• It was initially believed that the 
radiation consisted of gamma rays only.

• Seth Nedermeyer and Carl Anderson 
discover muons in cosmic rays.

• T.H. Johnson discovered that the 
ionization rate increased from east to 
west viewing angle indicating they 
were positively charged particles 
(protons).  The increase occurs because 
the rays are deflected by the earths 
magnetic field, which changes in its 
strength with latitude.

Not From The Sun





• Primaries are 
particles with 
energies from 109 eV 
to 1021 eV.
• An eV is a unit of 

energy. A 40 W 
reading light uses 
about 1034 eV of 
energy in one hour.

(from James Pinfoli, 

Pinfold@phys.ualberta.ca)

Cosmic rays within the 
range of 1012 eV to 
1015 eV have been 
determined to be:
50% protons
25% alpha particles
13% C, N, and O 
nuclei
<1% electrons
<0.1% gammas

What are cosmic rays?



The Energy Spectrum

• Low energy rays (less 
than 10 GeV) come 
from the sun.
• Supernovae may be the 

source of particles up 
to 1015 eV.
• The sources for 

ultrahigh cosmic rays 
are probably, active 
galactic nuclei and 
gamma ray bursts.



C-14

• Cosmic rays are also responbile of the constant
rate of 14C in air

• 14C/12C ~ 1.2 10-12



Radiation from cosmic rays



Yearly Dose from Natural 
Radiactivity



Compared with radiation from  
medical treatments



Sources of radiation



ICRP Recommended Annual Dose Limits

Body Part Occupational General Public

Whole body
(HE)

20mSv 1mSv

Eye lens (HT) 150mSv 15mSv

Skin (HT) 500mSv 50mSv

Hands & Feet
(HT)

500mSv ---------

Note these recommended limits EXCLUDE any medical or natural
background radiation doses.

ICRP= International Commission in Radiation Protection
www.icrp.org/


