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Radioactivityandionizingradiation

Needfor protectionagainstionizingradiations

A Source®f naturalradioactivity

A Sourceof artificial radioactivity

A Naturally-occuringradioactivematerials(NORM)and
non-nuclear industries

A Environmentamonitoringfor radiation protection of the

population



Radioactivityand
lonizing Radiation
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TERMINOLOGY

es Unstablauclides

Vity Nucleartransformatioof unstable
ithemmissioafradiatioenergyrparticles a

vingradiations Alpha(U), Beta( b), Gammg 9) ,
utrongn),X-ray

Activity Decayrateof a radionucliger disintegrations
persecondl Bg=1dp3

Halflife: Timeto decreasdo half activityof a given
radionuclide



SOME HISTORICAL DATES

tgemliscoversx-rays
queretliscoversradioactivity o B
ndMarieCurieisolateRadium226Rg andPolonium(210P0)

. Fermiassembleghe 1st nucleareactor(controllecchainreaction)
AlamoGordo(NewMexico)testingof thefirst nuclearbomb

19863 Accidentatthe Chernobyhucleampowerplant
2011- Accidentatthe FukushimauclealPowerPlan

Nobel Prise 1902
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ACTIVITY AND IONIZING RADIATIONS
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AP

ays
hyRadiology
sterilization

OCCUPATIONAL
EXPOSURE:
exposure of workers
to radiation at the
workplace

Radioisotopesn medicine
lodine-128, Technetiurr@9m,
Actinium-225, Cobakl60

ONS OF RADIATIONS AND RADIOISOTOPES

Radioisotopesn industry
Iridium-192, Kripton85,
Cesium137, Seleniur/5




URANIUM ATOM FISSION

BEFORE AFTER

@ .
(" S

Representatiomf a nuclearfissionreaction

AThe discovery of the fission of tif@niumatom
started a new epoch, the atomic age

A The production of radioisotof
applications in medicine, industry and agriculture.



LICATIONS OF ATOMIC FISSION

Nuclear weapons: ENVIRONMENTAL
nuclearests EXPOSURE:

i 137Cs,99Sr,13],14C e , v Eartificial
sl AT 3H,14C rqdlonuclld_es
= dispersed in the

~ Electricity generation: €nvironment
W nucleapower plants v radiation

60C0,5%Zn,11Ag 13 Cs, exposure through
239.24py 24IAm . .. environmental

N pathways
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Exposure to ionizing radiation

X//\ Protection against ionizingdiation




RCES OF IONIZING RADIATIONS

Cosmic radiation

14C,3H, 7Be
Internal sources

(/\

40K, 226Ra, 210Pb ,

' 210Po, 14C, U, Th

Terrestrial radiation

(More than 60 radioisotopes

é Living beings
are part of the earth's crust)

formed and evolved
In the presence of
radioactivity
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/
AVERAGE POPULATION EXPOSURE

Naturaland artificial radiation

from all sources

COSMIC EXTERNAL

10% GAMMA 14% INTERNAL
11%

Al

MEDICAL 14%

RADON 50% e FALLOUT 0.2%
OTHERS 0.5% OCCUPATIONAL 0.3 %

Average individual dos24 mSva
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Bl AL EFFECTS OF IONIZING RADIATIONS

Health Effects:

A Immediate effectexposure to
nigh dosesauses damage t
numan tissue and produces
deterministieffects.

Effect

A Longterm effectsexposure to
low dosesan cause delayed
cancer (latency 1% years) :
and hereditary damage. These—
effects argrobabilistic.

Dose
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Acutelethal dose I Legaldoselimits

1000}
For radiation doseaddedoy humanpractices to the
Dos naturalradiation background
100l EU Directive59/2013
(/\ Dose limit for workers 20mSv/a

10|

rage exposur® radioactive lnmmmp

background 2 AmSva L — Dose limit for members of the public

1mSv/a

0.1

Logscale msva

0.01p <=——— Exemption limit



Sourcef naturalradionuclides
andexposures
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MAI

Ra
(h
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Radon formation and sources and pathways of radon from soils to the air.
including indoor air

Radonis the 2nd causeof
lung cancer
EURecommendedimit
300Bgm3

doors
rkplaceg

WHO, Elscreeningimits:
Total beta 1Bg/L
Totalalpha 0.5Bg/L

S POSED BY NATURAL RADIOACTIVITY

Radioactivityin drinking
water (groundwaten

Regionswith high natural
radioactivebackground

Figure 1. High Background Radiation Areas Around the World.

Numbers given are in mSv/year.

Externalradiation dosesmay reach40
to 60 mSva.
Biologicaleffectsobservedin
populations

Not regulatedyet.
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Sourcesf artificial radionuclides
andexposures
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ACTIVITY FROM ARTIFICIAL ORIGIN
E ENVIRONMENT

ff2dz0Q 2F ydzOf SIF NJ S| LIy a
cidents with transport of nuclear materials
adioactive wastanmersion into the seas
Routine dischargef radioactive effluents into
rivers and coastal seas (hospitals, industries,
nuclearpower plants)
A Sinking of nuclear submarines and lossesuuflear
warheads
A Nuclearaccidents
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NUC

Sr fallout deposit (Bq m?)

Hight polar
atmoshpere
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STS AND ATMOSPHERIC CIRCULATION

Radionuclideseleasednto the
atmosphereare transportedby
the atmosphericcirculationand
reachfar regions

Worldwide nuclear testing, 1945 - 2018

[ Pakistan
[l North Korea

[ United States
[ France

[l Soviet Union [[]United Kingdam
] People’s Repunlic of China [ India



Water cycle and
radionuclides
i ~ 187Cs, 908y,

13] 14¢Ce.
condensacao 3H ’ 14C

(formacao de nuverny

recipitagoes *Eﬁefip“am
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AINS AND RADIONUCLIDES TRANSFER

- ~ Humansmaybe exposedo
Sagdmengesce  radionuclideghrough:
2220 A directinhalation from the
7 - alr
S e A o etionwi

A s A Ingestionwith food and

radicactive matenals

in the air water

A externalirradiation by
radionuclidesn cloudsand
depositedon the ground

Y intemal dose from eating
| and’drinking radioactive
materials in food

interal dose from Radionuclideslispersedn the
breathing in sea spray )
bkt environmentmaybe re
i concentratedby biotaand
transferedin the food chains
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Exterpal dose direct
from radioactive matenals
‘deposited on the ground
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Natural uranium Purification, conversion
Uranium
mines

Plutonium

Ultimate Recycling

Waste
Disposal

Spent fuel
reprocessing

Front-End sector - Reactors sector - Back-End sector

Thenuclear fuekycle

Enrichment

GES FROM NUCLEAR FACILITIES

Nuclear Industry:
Reprocessing plants

(S

qle - Ipmdaini 2006 Terralsirics, NASAL Yermiti e condizioni duso I

137Cs input to the ocean: 40 PBq

Releases of caesium-137 to the Irish Sea from Sellafield

Cs-137 releases (TBg) 1952-2004
10000

il |||| o

P P BB GO GO S "Pcﬁ‘rfh &

Year

Source: O5PAR Commission and British Nudear Group,
prepared by the Norwegian Radiation Protection Authority, 2006
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ctive waste dumped into the North East Atlantic
(1946 -1982)

'\0

Radiactivewaste from nuclear
Industries:

Ra226

H-3

G14

Pu239,240

Sr90
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mersion of radioactive waste in the

1 A Practicenot acceptable
today

A Legacyfrom pastpoor
waste management
policies

.. |A Wastedumpinginto
. “| the seaisforbidden

sincel1982 (Londortea

DumpingConventior)

North-east Pacific North-west Atlantic North-east Atlantic kL 059 PBq
2.94 PBq 8.37 PBq 89 PBq
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Nuclear accidents and
crossborder contamination

)




Figure 2 Map of Caesium-137 deposition following the accident.
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De Cort et a/,1998, EC, Luxembourg

y/ Nuclear accident at Chernobyl




Nuclaraccidentat Fukushima

Japan, March 112011
Thetriple disaster: earthquake, tsunami, nuclear accident

(/\

Japan, March 11, 2011.
the triple disaster



