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ÅRadioactivityandionizingradiation
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ÅNaturally-occuringradioactivematerials(NORM) and

non-nuclear industries
ÅEnvironmentalmonitoringfor radiationprotectionof the
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TERMINOLOGY

Radionuclides: Unstablenuclides

Radioactivity: Nucleartransformationof unstable

nuclideswithemmissionofradiation(energyorparticles)

Ionizingradiations: Alpha(Ŭ), Beta( ɓ), Gamma( ɔ) ,

neutrons(n),X-ray

Activity: Decayrateof a radionuclide, or disintegrations

persecond(1Bq=1dps)

Half-life: Timeto decreaseto half activityof a given

radionuclide
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SOME HISTORICAL DATES

1895ðW. RoëntgendiscoversX-rays

1896ðH. Becquereldiscoversradioactivity

1898ðPierreandMarieCurieisolateRadium(226Ra) andPolonium(210Po)

1942ðE. Fermiassemblesthe1st nuclearreactor(controlledchainreaction)

1945ðAlamoGordo(NewMexico),testingof thefirst nuclearbomb

1956ðThe1st nuclearpowerplantfor electricityproductionstartsoperating

1986ðAccidentat theChernobylnuclearpowerplant.

2011- Accidentat theFukushimaNuclearPowerPlan

Nobel Prise 1902
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RADIOACTIVITY AND IONIZING RADIATIONS 

Weightingfactor of radiations
regardingbiologicaleffects:

X-ray,  ɹ ,  ̡ = 1

n = 5-20 (dependingon
energy)

=h 20

Penetrationof radiation in materialsdependson
the type of radiation andcompositionof materials

PAPER      STEEL      CONCRETE



APPLICATIONS OF RADIATIONS AND RADIOISOTOPES

Radioisotopesin medicine 

Iodine-128, Technetium-99m, 

Actinium-225, Cobalt-60

X-Rays

Radiography, Radiology,

Radiosterilization

Radioisotopesin industry

Iridium-192, Kripton-85, 

Cesium-137, Selenium-75

OCCUPATIONAL  

EXPOSURE:

exposure of workers

to radiation at the

workplace
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URANIUM ATOM FISSION

Å The discovery of the fission of the uraniumatom 

started a new epoch, the atomic age

Å The production of radioisotopes has started numerous 

applications in medicine, industry and agriculture.

BEFORE AFTER

Representationof a nuclear fissionreaction
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APPLICATIONS OF ATOMIC FISSION

ENVIRONMENTAL 

EXPOSURE:

˅ artificial 

radionuclides 

dispersed in the 

environment 

˅ radiation 

exposure through 

environmental 

pathways

Nuclear weapons:

nuclear tests
137Cs, 90Sr, 131I, 144Ce, é
3H, 14C

Electricity generation:

nuclear power plants
60Co, 65Zn, 110Ag,137Cs, 
239,240Pu, 241Am, ...
3H



Exposure to ionizing radiation

Protection against ionizing radiation
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SOURCES OF IONIZING RADIATIONS

Cosmic radiation

14C,3H, 7Be

Internal sources

40K, 226Ra, 210Pb ,
210Po, 14C, U, Th

é Living beings 
formed and evolved 
in the presence of 
radioactivity

Terrestrial radiation

(More than 60 radioisotopes 
are part of the earth's crust)
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Average individual dose 2.4 mSv/a

AVERAGE POPULATION EXPOSURE

RADIAÇÕES NATURAIS E ARTIFICIAIS

RADÃO

50%

GAMA EXTERNA

14%CÓSMICA

10%

OUTRAS

0,5%

OCUPACIONAL

0,3%

"FALLOUT"

0,2%

INTERNA

11%

DISTRIBUIÇÃO DAS DOSES DE RADIAÇÃO NA POPULAÇÃO

COSMIC
10%

EXTERNAL 
GAMMA  14% INTERNAL 

11%

MEDICAL 14%

FALLOUT 0.2%

OCCUPATIONAL 0.3 %OTHERS 0.5%
RADON 50%

Natural andartificial radiation
from all sources
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BIOLOGICAL EFFECTS OF IONIZING RADIATIONS

Health Effects:

Å Immediate effects: exposure to 

high doses causes damage to 

human tissue and produces 

deterministiceffects.

Å Long-term effects: exposure to 

low doses can cause delayed 

cancer (latency 15-20 years) 

and hereditary damage. These 

effects are probabilistic.

Dose 
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Exemption limit

Dose limit for members of the public 

1mSv/a

Dose limit for workers 20mSv/a

Average exposure to radioactive 
background   2.4 mSv/a

Legaldose limits

For radiation doses addedby humanpractices to the 

naturalradiation background

EU Directive59/2013

Acutelethal dose

Log scale: msv/a

Dose limits



Sourcesof natural radionuclides

andexposures



17

MAIN ISSUES POSED BY NATURAL RADIOACTIVITY

Radongasindoors
(homes, workplaces)

Radioactivityin drinking
water (groundwater)

Regionswith highnatural 
radioactivebackground

Radonis the 2nd cause of
lungcancer.
EU Recommendedlimit
300 Bq/m3

WHO, EU screeninglimits:
Total beta 1 Bq/L
Total alpha 0.5 Bq/L

Externalradiation doses mayreach40 
to 60 mSv/a.
Biologicaleffectsobservedin 
populations.
Not regulatedyet.



Sourcesof artificial radionuclides

andexposures
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Å ΨCŀƭƭƻǳǘΩ ƻŦ ƴǳŎƭŜŀǊ ǿŜŀǇƻƴǎ ǘŜǎǘǎ
Å Accidents with transport of nuclear materials
Å Radioactive waste immersion into the seas 
Å Routine discharge of radioactive effluents into 

rivers and coastal seas (hospitals, industries, 
nuclear power plants)

Å Sinking of nuclear submarines and losses of nuclear 
warheads

Å Nuclear accidents

RADIOACTIVITY FROM ARTIFICIAL ORIGIN 

IN THE ENVIRONMENT



NUCLEAR TESTS AND ATMOSPHERIC CIRCULATION 

Radionuclidesreleasedinto the
atmosphereare transportedby
the atmosphericcirculationand
reachfar regions



Water cycle and 

radionuclides 
137Cs, 90Sr, 
131I, 144Ce, 
3H, 14C

U, Th, Ra, 
Rn, Po,...

3H, 14C
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FOOD CHAINS AND RADIONUCLIDES TRANSFER 

137Cs

131I

90Sr

Humansmaybeexposedto 
radionuclidesthrough:
Ådirect inhalation from the

air
Å ingestionwith food and

water
Åexternal irradiation by

radionuclidesin cloudsand
depositedon the ground

Radionuclidesdispersedin the
environmentmaybe re
concentratedby biota and
transferedin the food chains.

222Rn

7Be

14C



Thenuclear fuel cycle
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DISCHARGES FROM NUCLEAR FACILITIES

Nuclear Industry:
Reprocessing plants

Sellafield

La Hague

137Cs input to the ocean: 40 PBq



Radioactive waste dumped into the North East Atlantic

(1946 -1982)

(Tera Becquerel)

Radiactivewastefrom nuclear 
industries:
Ra-226
H-3
C-14
Pu-239,240
Sr-90
...
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Sites of immersion of radioactive waste in the 

ocean

ÅPracticenot acceptable
today
ÅLegacyfrom pastpoor

wastemanagement 
policies
ÅWastedumping into

the seais forbidden
since1982 (London Sea
Dumping Convention)



Nuclear accidents and

cross-border contamination



Nuclear accident at Chernobyl

26 April 1986

Ukraine



Japan, March 11, 2011: 
the triple disaster

Japan, March 11, 2011 
The triple disaster: earthquake, tsunami, nuclear accident

Nuclaraccidentat Fukushima


