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Elements

• If the number of protons changes, the 
element changes

• The number of protons in the nucleus 
determines the element

hydrogen
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0n
1 +     2H

2 =         2H
3         +     γ

neutron + deuterium     tritium  +  gamma

Ni58 + n1 = Co58m+ H1 = Co58 + γ

Neutron activation reaction

Another way to write a nuclear reaction:
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NEUTRON ACTIVATION
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Isotopes
• Isotopes - atoms of the same element which 

have the same number of protons, but a 
different number of neutrons

• Isotopes have the same chemical properties; 
however, the nuclear properties can be quite 
different

Hydrogen
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Stable vs. Unstable Atoms
If there are too many or too few neutrons for a 
given number of protons, the nucleus will not 
be stable

Hydrogen
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Ionization

The process of removing electrons from 
neutral atoms

AND

Free ejected
electron
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Radiation
• Energy released from unstable atoms and 

some devices in the form of rays or 
particles

• Can be either ionizing or non-ionizing
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RADIATION
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Ionizing Radiation

• Radiation that possesses enough energy 
to cause ionization in the atoms with 
which it interacts

• Released from unstable atoms and some 
devices in the form of rays or particles

- alpha

- beta

- gamma/x-ray

- neutron






0n
1



16 of 41                                            Module 1:  Ionizing Radiation 



Decay Chain
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The time it takes for one half of the 
radioactive atoms present to decay

Example: Co-60 = 5 years

Co-60

Radioactive Half-Life

100 atoms
today

50 atoms
after 5 yrs

25 atoms
after 10 yrs

12 atoms
after 15 yrs

Co-60

Ni-60
Ni-60

Co-60

Ni-60

Co-60
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N = N0e
-λt
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Derivation of the Radioactive 
Decay Law

• Define

A Decay of RateActivity 

N(t)
dt

dN(t)
A 

Constant Decay eRadioactiv

• Mathematically

• Need a constant of proportionality

• Why do we have a minus sign in the formula?

N(t)-N(t)
dt

dN(t)
A 

Where N(t) is the 
number of radioactive
nuclei present at time t
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Activity (Continued)

N(t)-
dt

dN(t)
A 

Rearrange the terms 
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• A = activity in Bq (sec-1)

• t1/2 = half-life in seconds

• m = mass in grams

• at.wt = gram atomic weight

• 6.20 x 1023 is Avogadro’s number: the number of atoms 
in one gram atomic weight

Relationship Between Activity and Mass

N(t)-
dt

dN(t)
A 

Rearrange the terms 
1/2

23

t

.
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Units of Activity

• Curie

– The traditional unit of activity

– 1 Ci = 3.7x1010 disintegrations/second

– Based on the disintegration rate of 1 gm of Ra-226

• Becquerel 

– SI Unit

– 1 Bq = 1 dis/sec



23 of 41                                            Module 1:  Ionizing Radiation 

Half-life 

• Half Life Definition

• Derivation => initial conditions:

amount.initialitsof1/2 todecreaseoactivity tor size    
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Alpha Radiation ()

Characteristics

Range

Shielding

Hazards

Sources

Particle, Large Mass,
+2 Charge

Very Short
1 - 2” in air

Paper
Outer layer of skin

Internal

Plutonium, Uranium,
Americium
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Beta Radiation ()

Characteristics

Range

Shielding

Hazards

Sources

Particle, Small Mass,
-1 Charge

12ft / MeV in air

Plastic, glass,
aluminum, wood

Internal and the
skin and eyes

Tritium, Sr-90,
Fission products 
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Gamma Rays () and X-Rays

Characteristics

Range

Shielding

Hazards

Sources

No mass, no charge
electromagnetic

Hundreds of feet
in air

Lead, Steel
Concrete

Co-60, Kr-88, Cs-137

External Source
Whole Body
Penetrating
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Neutron Radiation ()

Characteristics

Range

Shielding

Hazards

Sources

Particle with
no charge

Hundreds of feet
in air

Hydrogenous
material -

water, polyethylene

Uranium, Plutonium,
Californium

External Source
Whole Body
Penetrating
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RAD or
GRAY(Gy)

• Units of absorbed energy in any material

• 1 Gy = 1 joule/kilogram of absorber

• 1 rad = 1 erg/gram of absorber

• 1 Gy = 100 rad

• Does not take into account the potential 
effect that different types of radiation have 
on the body
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Sievert (Sv) or rem (roentgen 
equivalent man)

• A measure of biological damage

• 1 Sv = 100 rem

• Takes into account the energy absorbed and 
the biological effect on the body of that 
absorbed dose
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Quality Factor (QF)
The QF is used as a multiplier to reflect the 
relative amount of biological damage caused 
by the same amount of energy deposited in 
cells by the different types of ionizing 
radiation.

SvGy x QF = 
Alpha

20

Neutrons
2 - 11

Betas
1

Gamma &
X-rays 1
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Radioactivity Units

Basic unit: Bequerel (Bq)

 One disintegration per minute 
(dpm)

 derived from the number of 
counts measured by instrument

Traditional unit

 Curie (Ci)

 1 Ci = 3.7 x 1010 Bq

Marie Curie
1867 - 1934
Discovered

radium & polonium
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Background Radiation Sources

RADON

COSMIC

TERRESTRIAL

INTERNAL

MEDICAL

CONSUMER PRODUCTS
INDUSTRIAL

ATMOSPHERIC TESTING

COSMIC

TERRESTRIAL

INTERNAL RADON

NATURAL MANMADE

MEDICAL

CONSUMER PRODUCTS
INDUSTRIAL

ATMOSPHERIC TESTING
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Medical Procedures

PROCEDURE AVERAGE DOSE

6 Sv to tumorTHERAPY

0.058 Sv to headCAT SCAN

MAMMOGRAM 4 mSv to breast

CHEST X-RAY 0.1 mSv
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Consumer Products

PRODUCT AVG DOSE

1.3 rem/yrTOBACCO PRODUCTS

60 rem/yr - gumsDENTURES

TINTED GLASSES 4 rem/yr - eyes

BUILDING MATERIALS 7 mrem/yr

Radium Dial Factory
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U.S. Average

The average annual dose
to the general population

from natural background and
manmade sources is about:

360 mrem.

The average annual dose
to the general population

from natural background and
manmade sources is about:

3.60 mSv.
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Possible Effects of 
Radiation on Cells

• There is no damage

• Cells repair the damage and operate normally

• Cells die

• Cells are damaged and operate abnormally
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1 - 2 Sv Radiation Sickness

Slight Blood Changes0.25 – 0.50Sv

Annual Limit0.05 Sv

Acute Exposure Effects

DAMAGEAVG DOSE

> 50 Sv Death Within 2 -3 Days

> 5 Sv Gastrointestinal Damage

LD 50-604.5 - 6 Sv

Blood System Damaged2 - 5 Sv
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Cancer Risk

• Current rate of cancer death among 
Americans is about 20%.

• An individual who receives 250 mSv over a 
working life increases his/her risk of cancer by 
1% to about 21%.

• The average annual dose to DOE workers is 
less than 1 mSv.
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Comparison of Health Risks

Health Risk Days Lost

3500Unmarried Male

2250Tobacco User

Unmarried Female 1600

Overweight Individual 777

Alcohol Consumer 365

Motor Vehicle Driver 207

1 mSv/yr for 70 yrs 10
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Comparison of Occupational Risk

Industry Days Lost

328Coal Miner

277Farmer

Transportation Worker 164

U.S. Average 74

Manufacturer 43

Radiological Worker 40

EO9

Trades Employee 30
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