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Fig. 1 Wilhelm Rdntgen discovered X-rays in 1895
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Henri Becquerel, Marie Curie and Pierre Curie discover radioactivity in 1898

Fig. 2. Marie Curie (ca. 1920) Fig. 3. Pierre Curie (1923)
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From 1898 to 1950s mental model
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Fig. 4. Pedoscope, England 1930-1955 Fig. 5. Advertisement for the pedoscope (ca. 1951)
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Fig. 6. Tho-Radia cream and powder poster (ca. 1933)
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Fig. 7. “Agua Radium - the most radioactive water in Portugal” (ca. 1933)
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gue nenhama opira poszuls, (Reiaténie dx Prol. Kard won Nooeden)

Devido ooy Sets de Rddie em dizzoloplo gue conidm, coasérvy pens
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AS TERMAS RADIUM em CARIA — Heira Bnaixa,
ESTAD ABERTAS DE 1 DE JULHO A 15 DE QUTUBRD
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Experts interviewed

Mario Reis (Radiological Protection and Security Group, Técnico Lisboa) - environment
radioactivity

Isabel Paiva (Radiological Protection and Security Group, Técnico Lisboa) -radioactive
R
waste and sealed sources management c TN

Octavia Gil (Radiological Protection and Security Group, Técnico Lisboa) - biological effects
of ionizing radiation

. . . . - { ¢ [0
Armin Ansari (Centers for Disease Control and Prevention, USA) - radiological assessment ~, m////j

5,
vaga

Elisabete Freitas (Laboratory of Instrumentation and Experimental Particle Physics - LIP,
University of Coimbra, Portugal) - instrumentation for X ray detection

Vitaly Chepel (LIP, University of Coimbra, Portugal; graduated in Moscow Institute of
Physics and Technology, Russia) - technologies in radiation detection

Hiroshi Yasuda (Hiroshima University, Japan) -radiation biophysics

Luis Prudéncio (Santa Maria University Hospital, Portugal) - health physics R L
SANTAMARIA
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Present day experts mental model
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COSMIcC rays —
natural sources - represents 86% of ionizing
earth, rocks, air and water radiation (2,4 mSv/yr), approximately 50%  —
comes from radon
food Radiation sources }

21+ antropogenic sources
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power generation - nuclear power plants,

coal ash, petroleum and natural gas \
mining \
ceramics . . o o
industrial activities and applications ~,
fertilizers \
water treatment /

naturally occurring radioactive material

Xrays

nuclear medicine

/
research and development

/II‘
} scientific applications — |
education and training —

computed tomography
|
radiotherapy medical applications
brachytherapy / \
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— antropogenic sources

. o Il
military applications / /|
[

/|
nuclear — :

[
> incidents and accidents - |
radiological — /

/

malicious uses -
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occupational

public Categories

medical

planned (situations where radiological EprSU re }
protection can be planned in advance, and -
exposures can be reasonably predicted)

existing (situations that already exist when

s Situations -
a decision on control has to be taken)

@ emergency (unexpected situations that may
require urgent protective actions)
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transportation of sources - medical
isotopes, low or high activity waste

source activity - how many particles it emits i\
per second \
\
types of radiation emissions (a, 3, y or n) \

physical form of the source (solid, liquid or

gaseous) risk factors \

types of sources (sealed, unsealed, radiation | ‘
generator) /}
|'I|II|
orphan source (poses sufficient radiological )
hazard to warrant regulatory " — probability of accidents ————
control, but is not under regulatory control) / /
!
complexity or number of steps involved in a /’J /
procedure /

(@) protective/mitigating factors /

A.R. Melo

emergency (unexpected situations that may
require urgent protective actions)
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justification - any decision that alters the
radiation exposure situation should do
more good than harm \\
optimisation of protection - doses should

all l_::e kgpt as low as reasona_bly ach|ev_ab|eJ follow the principles of radiation protection
taking into account economic and societal \
factors

dose limitation - the total dose to any /
individual should not exceed the

appropriate limits
protective/mitigating factors

available information on the sources

training of source operators - who accesses
or manipulates the sources

/

intervention teams and the public's /
response capacity

A.R. Melo



UNIVERSIDADE P

COIMBRA

{ Radiation characteristics }

alfa (o) particles - nucleus of an helium

atom (helium ions); stopped with a sheet of ———— weakly penetrating radiation
paper
beta (B) particles - charged (electrons and
positrons); stopped with a sheet of ————— intermediate penetrating radiation — penetration ability (on shielding or the
aluminum human body)
X rays
eletromagnetic
gama (y) rays strongly penetrating radiation e
neutrons (n) - non charged particles
a particles !ﬂgh Ilnear energy transfer radiation or high
ionization ability
[ B particles ionization ability (indication of relative /
the energy is distribuited along a big biological effectiveness)
volume and so, in comparison to o Xrays . .
. ot low linear energy transfer radiation or low
particles, they are less ionizing; ex. for p and — S "
. . ionization ability
o with the same energy, damage is greater y rays
for a (10 times more)
neutrons —
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— inhalation

: L — ingestion
internal human contamination (alfa g

/ particles) ( absorption

[ Contamination paths ]—<

injection
\ external human contamination (gama rays, . .
— irradiation

X rays, neutrons)
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transport of medical radioisotopes - high

— probability of occurrence but reduced
/ consequences

medical - reduced likelihood of occurrence
{ - with variable consequences (dose

dependent, time and area of exposure)

[ Accidents and events

\ nuclear and radiological - very low

\ probability of occurring; variable

\ consequences; in the worst case scenario,

\ the cloud with radioactive elements affects

\\ the environment, population, animals; if it is

in the atmosphere and rains, deposits in the
soil, contaminates food and agricultural
production, enters the water table, and
enters the food chain; zone of prohibition

to occupation
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Ve lethal dose for 50% of the population (
/ LD50) - 4.5 Gy

: : . — radiation-induced acute damage 9
| high doses - sources: radiological event; { ge ©

. . |~ atomic bombing; nuclear accident . .
Biological effects | & — cumulative effects of radiation ~7)

' — DNA damage

\ very low (0-10 mGy), low (10-100 mGy) and /
‘-\ moderate doses (+100 mGy) - ex. of
sources: environment-related radiation and

daily life activities; medical applications; — lipids damage
nuclear technologies

— oxidation of proteins

- cancer
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Vs death

prodromal - in the face of a very large

[ _exposure, causes headaches, fever,

/ /~ vomiting, loss of senses and death within
| 24 hours

' / cerebrovascular - neuromuscular and

| ./— gastrointestinal symptoms; leads to death
| . - y
| within 24-48 hours

symptoms, followed by a period of latency,
|/ | —— diarrhea and intestinal colic, and finally

\ intestinal obstruction; death in
~ radiation-induced acute damage | approximately 10 days

Il — syndromes gastrointestinal - nausea and vomiting as
Ve e
/ |

\ hematopoietic - low normal values of
[ \  blood (white and red blood cells) and finally
' | \_ the marrow no longer produces the
' I figurative elements, giving rise to medullar
| \ aplasia and the person no longer has
IR defenses; death in approx. 3 weeks

| 1IN .
\ ~ SEPSIs

high doses - sources: radiological event; -

(TN
atomic bombing; nuclear accident | | - sterility
|
| A
| - skin burns

{ — cancer

circulatory diseases

1 -
. |
\ — somatic
\ \ — reduction of life expectancy
) i , B
b, ) L. i N,
“~ cumulative effects of radiation — N
\ — cataract
— hereditary ———— congenital malformations
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Public perception about ionizing radiation

Past Present Future
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Figures credits

Rdntgen and his X Ray - https://en.wikipedia.org/wiki/X-ray

Marie Curie - https://pt.wikipedia.org/wiki/Marie Curie#/media/Ficheiro:Marie Curie ¢c1920.png

Pierre Curie - https://upload.wikimedia.org/wikipedia/commons/9/9f/Curie-pierre.jpg

Pedoscope - http://broughttolife.sciencemuseum.org.uk/broughttolife/objects/display?id=92774
Pedoscope’s advertisement- http://shoegazing.se/english/2018/09/18/history-x-ray-shoe-fitting-machine/
Codman’s publication - https://archive.org/stream/philadelphiamediO9philuoft#page/438/mode/2up
Edison and his assistant in the press - https://newspaperarchive.com/new-york-world-aug-03-1903-p-1/
Tho-Radia Cream card - http://www.larevuedupraticien.fr/histoire-de-la-medecine/le-mystere-tho-radia
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