Historia radiacnej ochrany

Ing. Rabert Hinca PhD.

Pred objavom X-li¢ov Réntgenom r. 1895

Pred Réntgenom sa padobnym javom venaval Wiliam
Crookes (v roku 1880 nevenoval pozornost’ s€erneniu
fotografickych platni vplyvom katédového Ziarenia)
Filip Lenard (*1862 v Bratislave, 11947) v roku 1893
pozoaraval fluorescenciu kryStalav v blizkosti katady
(nepokragoval va vyskume, leba dostal miesto profesorava |
Vraclave a adiSiel zBonnu). Lenard upravil Crookesavu -
trubicu tak, Ze skonStruaval malé tenké okienko (Al) cez ktoré
sa katodové Ziarenie dalo lepSie skumat'’.

Lenard dostal v 1905 naobelovu cenu aj za prispevok k aobjavu
elektronu Thompsonom v roku 1897.

Snazili sa dokazat” existenciu vysokofrekvenéného
elektromagnetického Ziarenia predpovedaného Hermann

von Helmholtzom, u ktorého Studoval Heinrich Hertz, u
ktorého Studoval Filip Lenard.
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Philipp Lenard

(*1862, 11947)

Lenard wasborn in Pressburg, Hungary (now part of Slovakia).
Otecbol tirolsky obchodnik svinom.

V Case studii na gymnaziuv Bratislave skimal spolu so svojim
profesoromfyziky Virgilom Klattom (1850— 1935) fosforescenciu.

Po maturite na realkev Bratislave (1880) Studoval fyziku na univerzitdch v Budapesti, Viedni, Berline a
Heidelbergu. Potom preSiel do Bonnu k Hertzovi a v roku 1892 satu habilitoval. Neskér pdsobil vo
Vroclave (1894), Aachene (1895),Kieli (1898) aHeidelbergu (1907-1931).

Medzi prvymi skimal prechod katédovych lUcov ceztenké kovové dosticky. Na tento Ucel
skonstruoval Specidlnukatédovd trubicu s malym otvorom (tzv. Lenardovo okienko), ¢o
umoZznilo nielen preskimat'vlastnosti katédovych IGZov, ale tiezodseparovat elektrény a
stanovit'ich hmotnost. Jedno zo svojich ,,okienok*zapoziZal aj W. C. Réntgenovi. Lenard
neskor pretendoval na objav X-lUcov, avSak odpoved nobelovského vyborubolaodmietava:
Lendrd upravil trubicu pre skimanie slabo prenikavého Ziarenia a Réntgen skimal pomocou
Hittorfovej trubice silne prenikavé, ktoré prechadza tkanivorm a pésobi na fotograficky film.

Zomrel 20. maja 1947 (84 rokov) v Messelhausene, Nemecko.
Vdakavysokémuvekuho spojenci omilostili,indby ho asi ¢akal tribunal.
Posobil totizv ,Reichsinstituts fir Geschichte des Neuen Deutschlands”,
ako radca na oddeleni,ForschungsabteilungJudenfrage”. Bol nositelom
medaily,, GoldenesParteiabzeichen der NSDAP“.

Observer's room

Filip Lenard, Lénard Fiilép Eduard Antal

Pacas spolupraces H. Herzom sa zacal zaoberat' fotoelekirickym javom. Dokézal, ze privonkajSom
fotoefekte sa uvolfiuju elekirany (1899) a stanovil zakonitostifotoelektrického javu (1902): energia
vyletujucich fotoelekirdnov nezévisi od intenzity dopadajucehosvetla a je priamo Umemajeho
frekvencii. Tietofakty boliv rozpore s klasickaufyzikou a vysvetlil ich az AlbertEinstein na zaklade
svojej hypotézy, Ze svetlo musime pokladat'za prud kvant energie E=hv.

Od 20-tych rakov sa angazoval ako ¢lenNSDAP a stal sa poprednym nacistickymvedcom.

V Bratislave dostal cestny doktorét prirodnych vied Dr. h. c. dfia 3. 6. 1942 na navrh Prirocovedeckej fakutty
Slovenskej univerzity. Doktoraty ziskal aj na univerzitich Oslo (1911) a DraZdany (1922).

Rumfortova medajla (1801) od Royal Society of London spolu s W.C. Rontgenom,
Nobelovu cenu za fyziku (1905), Frarklinova Medaia Pennsyivania USA (1932), Orii 3tit Nemeckej rise (1933).

Philipp Lenard
BE2-1947)
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Lenardova trubica

e

Gymnazium Alberta Einsteina je blizko
Lenardovej ulice v Petrzalke

Lenard - Rontgen - Einstein

# Napisal aj Stvorzvazkové dielo Nemecka fyzika (1936),
v ktorej rozdelil fyzikunaplodnu érijskGa neplodnu,
Spekulativhu zidovskufyziku.

#t Vknihach nespomenul ani Einsteina, ktory bol Zid ale ani
Rontgena, ktory nebol Zid ale podla Lenarda bol priatelom Zidov.

# Rontgenovilenard napisal list datovany 21.05.1897, kdeho oslovil ,HochgehaltenerHerr
Professor” (Vasavysost, pan profesor?) a napisal: , Because your great discovery caused such
swift attention in the farthest circles, my modest work also came into the limelight, which
was of particular luck forme, and | am doubly glad to have had your friendly participation.”
Ocakaval od neho odpoved, v ktorej uzna jeho podiel v objave X-lugov. To sa ale nestalo.

#t NeskorLenard prehlésil:,/ am the mother of X-rays, Just as the mid-wife (pérodnababa)is
not responsible for the mechanism of birth, so was Réntgen not responsible for the
discovery of x-rays since all the groundwork had been prepared by me. Without me, the
name of Réntgen would be unknown today*“.

# Inthe summer of 1922 Lenard had writtento the Nobel committeethat Einsteinwasa
“publicity-seeking Jew whose approach was aliento the true nature of German physics.”

Filip Lenard a Bratislava

Uniktana fotografia rodného domu P. Lenarda
na Kozej ulici 69, dnes je uz zbhurany 2426

> /]
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WILHELM CONRAD RONTGEN

(* 27. marec 1845 — 1 10. februar 1923)

#  Elektrotechnik- na Stidium katédovych liicov pouZival vakuovii trubicu - Hittorf-Crookes
tube.

# 8 novembra 1895, na Univerzitevo Wurzburgu, si WilhelmRéntgenvsimol zablesky
fluorescencnejtabulky (papiero3etreny barium platinum-kyanidom)vzdialenej az6 stop.

# Lenard pozoroval Ziarenie, ktorévo vzduchu preslo max. 8 cm, teda slabo prenikavé.

Rontgen okamzite usudil, ze fluorescenciabola spdsobenaneviditelnym ziarenim z
Crookesovej trubice, ktoré preniklo ceznepriehladny Cierny papier, do ktorej bola trubica
zahalena.

# Rontgen objavil lice X (X-rays).

Povestny prvy

fl snimok

| vyhotoveny
Rontgenom

22. Decembra 1895,
a odoslany fyzikovi
Franzovi Exnerovi
do Viedne.

] WILHELM CONRAD RONTGEN

However, prior to his first formal correspondence to the University Physical-Medical
Society, Rontgen spent two months thoroughly investigating the properties of X rays.
Silvanus Thompson complained that Rontgen left "little for others to do beyond elaborating
his work." For his discovery, Rontgen received the first Nobel Prize in physics in 1901.

#  When later asked what his thoughts were atthe moment of his discovery, he replied "I
didn't think, | investigated." It was the crowning achievement in a career beset by more
than its share of difficulties. As a student in Holland, Réntgen was expelled from the
Utrecht Technical School for a prank committed by another student.

#  Even after receiving a doctorate, his lack of a diploma initially prevented him from
obtaining a position at the University of Wirzburg. He even was accused of having stolen
the discovery of X rays by those who failed to observe them. Nevertheless, Rontgen was
a brilliant experimentalist who never sought honors or financial profit for his research. He
rejected a title (i.e., von Rdntgen) that would have provided entry into the German nobility,
and donated the money he received from the Nobel Prize to his University.

#  Rontgen did accept the honorary degree of Doctor of Medicine offered to him by the
medical faculty of his own University of Wirzburg. However, he refused to take out any
patents in order that the world could freely benefit from his work. At the time of his death,
Rontgen was nearly bankrupt from the inflation that followed WW .

WILHELM CONRAD RONTGEN a prvé

pristroje pre fluoroskopiu (Edison)

ANTOINE HENRI BECQUEREL

-9

Henri Becquerel sa narodil v rodine vedca Alexandra Edmonda Becqerela.

UZ jeho stary otec robil elekirochemické pokusy a jeho otec skumal javy
fluorescencie and fosforescencie - objavil fotoefekt a fotograficky
(Becquerelov) efekt a dokazal existenciu infracerveného Ziarenia.

Becquerel objavil v roku 189 radioaktivitu, spontannu emissiu Ziarenia
|atkou.

# Najprv bol presvedceny, Ze fluorescenény materidl uchovéava sine¢nu energiu a
potom ju vyZaruje.

Po Réntgenovom objave sa snazil dokazat, Ze soli uranu st zdrojom X-lU¢ov.
Ked'raz bolo v Parizi zamracené, prerusil svoje pokusy a schoval material

-9

-9

- - 4

fees

do Suplika. Ked ho vsak po ¢ase vyvolal, tak ziskal ostry a jasny obrézok i ,j - s sl

aj bez sinka.

# Becquerel urobil spravny zaver, Ze materidl vyZaruje spontanne bez
vonkajsieho zdrojaenergie.

# Vroku 1903 dostal Nobelovu cenuza fyziku spolus manZelmi Curie.
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ANTOINE HENRI BECQUEREL

And so, upon learning how Wilhelm Réntgen discovered X rays by observing the fluorescence they
produced, Becquerelhad a ready source of fluorescentmaterials with which to pursue his own
investigations ofthese mysterious rays.

The material Becquerel chose to work with was a double sulfate of uranium and potassium which he
exposed ta sunlight and placed on photographic plates wrapped in black paper. When developed, the
plates revealed an image of the uranium crystals. Becquerel concluded"that the phosphorescent
substance in question emits radiation which penetrates paper opaque to light" Initially he believed
that the sun's energywas beingabsorbed by the uraniumwhich then emitted X rays.

Further investigation, on the 26th and 27 of February, was delayed because the skies over Paris were
overcastand the uranium-covered plates Becguerelintended to expose ta the sun were returned to a
drawer. On the first of March, he developed the photographic plates expecting only faintimages to
appear. To his surprise, the imageswere clearand strong.

This meantthat the uranium emitted radiation withoutan external source of energysuch as the
sun. Becquerel had discovered radioactivity, the spontaneous emission of radiation by a
material. L ater, Becquerel demonstrated that the radiation emitted by uraniumshared certain
characteristics with X rays but, unlike X rays, could be deflected by a magnetic field and therefore must
consist of charged particles. For his discovery of radioactivity, Becquerelwas awarded the 1903
Nobel Prize for physics.

Maria Curie laboratorium, Navsteva Prahy 1925,
Kélna kde pripravili prvé uranové soli

PIERRE & MARIE CURIE

#  Skor ako Pierre Curie stretol Mariu Sklodowsku mal uz
velkud reputaciu v oblasti elektriny a magnetizmu. V roku
1880 spolu s bratom Jacquesom abjavili piezoelektricky
jav — ked tlak na krystal spdsabi vznik elektrickéha
potencialu.

# Vyznamny vyskum urabil v oblasti magnetizmu, ked
identifikaval teplotu nad ktorou material straca
magnetické viastnosti — tzv. curieho teplotu.

# Napriek tomu Pierre kratko po svatbe sMariou podriadil
svoj vyskum zaujmom svojej manZelky. Spolu zacali
vyskum navého javu — radioaktivity na uranovej rude.

# A ked objav radioaktivity patri Henri Becquerelavi, termin
radioaktivita prvykrat pouZzila Maria.

PIERRE & MARIE CURIE

Po chemickej extrakcii uranu z rudy Méria zaznamenala, zvy3ok je
aktivnejSi ako Cisty uran. Vtedy usudila, Ze ruda obsahuje nové prvky,
ktoré su tieZ radioaktivne. To viedlo k objavu prvkov polonium a radium,
ale znamenalo to 4 roky mravcej prace pri spracovani ton uranovej rudy,
aby ziskali dostatocné mnozZstvo kazdého prvku na urcenie chemickych
viastnosti.

Za pracu v oblasti radioaktivity manzelia Curie ziskali Nobelovu cenu za
fyziku roku 1903. O tri roky neskér Pierre tragicky zahynul pod kolesami
koca a jeho ucitelské miesto na Sorbonne dostala Maria ako prva Zena v
650 roc¢nej historii univerzity. Na jeho pocest’ v roku 1910 Radiologicky
kongres navrhol pomenovat’ zakladnu jednotku radioaktivity — curie ako
mnozZstvo jadier radonu v rovnovahe s jednym gramom radia ( neskér
jednoducho 1Ci =3.7 x 100 dps).

V roku 1911 Marie ziskala Nobelovu cenu za chémiu za objav radia a
polonia.

ZvySok Zivota venovala vyskumu terapie nadorov radiom. Maria Curie
zomrela €. juna 1934 na nasledky anémie (typ rakoviny krvi)
spOsobenej bezpochyby ionizujucim Ziarenim.
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Vyskum jadra a jadrovej energie Historia radiacnej ochrany

# Ernest Rutherford (UK) - objav protonu, zavedenie terminov alfa, beta, 1895 8.november - objav luéov X W.K. Roentgen
gama Ziarenie (objavil spolu s Paulom Villardom, F), otec jadrove; 1896 3.januar - zverejnenie objavu X - luéov
fyziky, dostal Nobelovu cenu za chémiu v roku 1908 za vyskum rozpadu februar - Objav radioaktivity H. Becquerel
prvkov a chémiu radioaktivnych latok 3. marec - Prva sprava o moZnom poskodeni oéi X laémi \-:-\IITJ iﬁ;ﬁ;’:"

e (e (UK) - 1982 Objav neutronu, (NC 1935)' 10. april - zaznamenany pripad epilacie po ozZiareni X luémi |J. Daniel

# lrene a Frederic Joliot Curie - 1934 Stiepenie neutronmi, umela 18. april - zaznamenané sc¢ervenanie pokoZky po oZiareni L. G. Stevens

radioaktivita (NC 1935 ch)
# Hahn (NC 1944 ch), Strassmann, (Meitner, Frisch) — stiepenie uranu

# Bohr (NC 1922, ), Bethe (NC 1967), Fermi (NC 1938), Oppenheimer, EEEEAIEEE g A e TR
Szilard, Teller, Chariton, Kuréatov, Sacharov (NC 1975 mier) . . . e e
Pozlateny elektroskop bol pouzity na meranie Ziarenia L. Benoist
pouzitie X-luéov v lekarskej diagnostike, stomatologii a Frost, Kells,
Rutherford: All science is either physics or stamp collecting. terapii (prsnika) Rollins ...

or Physicsis the only real science. The rest are just stamp collecting.

Prvé zasady ochrany Historia radiacnej ochrany

# Pokratkom obdobi ignoracie rizikaz X [icov sa objavili prvé pripady poskodenia 1898
zdravia. UZ mesiac po objave sa hovorilo o radiaénej dermatitide.

# Odhadradiacnych podmienok pracovnikov zac¢iatkom 20. storocia

Fl kopist: 6 —60 mSv/mi , 0,6 — 6 mSv/mi 1 tel - I Sies P " 5
um?s opista A " V(m'n ne r,Uky SR GRELE Jal - Prvykrat pouzity termin radioaktivita P. & M. Curie
Technik RTG terapie 0,6 mSv/min na celé telo = — =
Technik radiovej terapie 0,6 — 6 mSv/min na celé telo December - Objavene Radium P. &M. Curie
Objavenie gama Ziarenia P. Villard
# r. 1896 —rok po objaveni X-lti¢ov americky inZinier Wolfram Fuchs sformuloval 1899 |April - Navrh na licencovanie radiografickych éinnosti |J. Dennis

prvérady na ochranu:
m Cas oziarenia skratit naminimum,
= dodrZovat odstup od réntgenky aspori 30 cm a
m natriet si pokozku vazelinou. 3. januar - vysloveny predpoklad o smrtelnosti

# Vpodstate sformuloval tri hlavné zasady ochrany pred vonkaj$im oZziarenim: €as, vysokych davok Ziarenia
vzdialenost a tienenie. Erytém koZe v désledku terapie radiom H. Becquerel




Historia radiacnej ochrany

1903 | Prvé zariadenie na priame pozoravanie Ziarenia; spinthariscope W. Crookes

Oktaber - Smrt’ priekopnika RTG. techniky v ddsledku vysokého

e kumulativneho oZiarenia

C.M. Dally

1905 | Navrhnuta jednotka merania oZiarenia odvodena od ionizacie prostredia | M. Franklin

J. Bergonie &

1906 | Zvrejneny zakon radiosenzivity arganov R. Tribondeau

1907 | Preukéazané mutacie na ropuchach v ddsledku oZiarenia X [U¢mi C.R. Bardeen
Fatograficka platfia nosena vo vrecku pouZita na meranie oZiarenia R.V. Wagner
Pouzitie plynom plnenych trubic na detekciu Ziarenia E. Rutherford

1912 | Zavedeny medzinarodny radiovy Standard a jednotka Curie M. Curie

1913 VylepSena RTG trubica Zhavena katdda a wolframowvy terik dovoluju W.D. Coolidge

zvySit’ pouZité napatie
Britska Rentgenologicka spolocnost’ zverejnila prvé odporacania pre
radiaén ochranu

Zakon radiosen : Na ziarenie X su senzitivnejsie bunky,
ktoreé vykazuju vyssiu reprodukénu aktivit

Pomnik priekopnikom RTG techniky

By the early 1900¢‘s amputated limbs became the unofficial badge
of the x-ray worker. One meeting of a Roentgen Society was
marred by an embarrassing mistake. At dinner, roast chicken was
served but not one member among them had a second arm in
which to use their knife.

% Priekopnikom rontgenovej
techniky, ktori trpeli na
nasledky oZiarenia popripade
na nasledky zomreli, odhalili
pomnik v roku 1936

v Hamburgu. Na pomniku bolo
169 mien z 15 krajin.

] Obete prvych vyskumov

Clarence Dally (1865-1904)

— asistent uEdisona, zaoberal sa pristrojomna
X-ray snimkovanie, dostal vel’ké davky na tvar
| a ruky, lebo pridrziaval snimkované predmety
pred RTG lampou. Postupne sa objavili
pluzgiere, nekrozy, epilacia, nasledovali
amputacie a smrt’. , The strangestpart of all,“

lamented Edison, , Is that all this is the result of
work with the X-ray five or sixyears ago and
now comes this result“

Mihran Kassabian (1870-1910)
uzkostlivo zaznamenal a vyfotografoval svoje
ruky postihnuté rozsiahlou nekrozou a sériou
amputacii vnadeji Ze po svojej smrti pomoze
svojimnasledovnikom uchranit’ sizdravie.

X-ray euphoria

Foot inhigh-button shoe,
radiograph made in Boston by
Francis Williams in March 1896.
Typical of early images reproduced
in the popular press.

1977 Mauritania (northwestern
Africa) stamp portrays the bones
of a hand and wrist as they would
be viewed using the X-ray. This
stamp was one of many which
commemorated 1977 as World
Rheumatism year.

NNEE MONDIALE
U RHUMATISME

Al
D
AALS S ALLSAAGASAS
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Eufdria z novych objavov

BEAUTIFYING X-RAYS.
Propaganda claiming the
beautifying effects of X-ray
radiation caught the
attention of many women in
the early twentieth-century.

Eufdria z novych objavov

Glowing radium flourescent
Radium Radiant cocktails were all the rage on
g the banquet circuit.

Water ! : Health

means

AGUA RADIUM
Reirl@'éﬁ;ffés 1!

S

The public wanted radiation in
everything, and business was happy to
satisfy the craving. You could buy Agua
Radium, ready to drink.

LIFESTONE RADIUM
CIGARETTE HOLDER.
Advertised as protecting
the user from lung cancer.

Pohladnica s olejomalbou PieStan a napisom:
Radioaktivny krém podl'a “PIESTANY, svetové lazne s bahennymi vriedlami
Alfreda Curie radioaktivnymi. Dla orig. Jar. Sete.
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"BLIND Dieffenbach, of Flowey

{Rem £ Hospital, Says Philadelphi
: _arkable - Scientist Has Undoubtedly

buinadthh Performed a Phenomenor

ETHIOPIANS OUTWARDLY
& TURNED TQ CAUCASIANS

off old age, curing all

g, it seemed, was

viding limitless energy -

the reach of radiation.

Early radium treatment

The painstaking process of
extracting minute

amounts of radium from
tons of ore made the
element extraordinarily
rare and expensive in
these earliest years.

The Curiesloaned small
amounts to various Paris
physicians, including
Louis Wickham and Paul
Desgraiswho in 1907
treated this child's erectile
angioma using a crossfire
technique.

Below, early applicators
were devised in a number
of shapes and sizes-flat for
surface work and
cylindrical for

intracavitary use.

Zaciatky terapie

RADIUM THERAPY

The only scientific apparatus for the preparation of
radio-active water in the hospital or in the patient's own
home.

This apparatus gives a high and measured dosage of
radio-active drinking water for the treatment of gout,
rheumatism, arthritis, neuralgia, sciatica, tabes dorsalis,
catarrh of the antrum and frontal sinus, arterio-sclerosis,
diabetes and glycosuria, and nephritis, as described in
Dr. Squbermann's lecture before the
Roentgen Society, printed in this
number of the * Archives.”

Descrierion.

The perforated e« rthenware “ac-
tivator” in the glass jar contains an
insoluble preparation impregnated
with radium. It continuously emits
| radium emanation at a fixed rate,

and keeps the water in the jar always
i charged to a fixed and measure-
able strength, from 5,000 to
10,000 Maché units per litre

T, MOKTIMER STREET, LONLON, W,

s e X-ray apparatus used for treatment of epithelioma of
— the face, 1915. The tube 1s in alocalizing shield;
RADIUM LIMITED, and a perforated sheet of metal 1s securely fashioned

to the surface by adhesive plaster.

Zaciatky terapie

2 7 i
X-ray treatment for tuberculosis in 1910.
The lead shield around the tube limits the rays tothe
chest area of the patient, butno other precautions are
taken against overexposure; the dangers of radiation
were not recognised at the time. The source says the
normal treatment for tuberculosiswas 7 to 10 minutes
exposure, 3 times per week. The x-rays were alternately
applied tothe chest and the back to reduce skin burmns.

In the 1920s, many surgeons were performing
increasingly radical operations for women with
breast cancer, trying toimprove the outcomes. A
British surgeon by the name of Geoffrey
Keynes, practicing in London, observed that
theseradical operations weren't really curing
more women. He proposed a different approach:
brachytherapy! He inserted special needles
made of radioactive radium into the breast
and eveninto armpit lymph nodes to sterilize the
cancer.

21.5.2018




Ochranné prostriedky

Historické navrhy ochrannych
prostriedkov:

— olovené skla,

— tazké odevy,

—kovové helmy a

—kovové chranice

neulah¢ovali uz aj tak zlozith pracu
radiolégov.

Radium girls

Spolocnost U. S. Radium v americkom state New Jersey sa v rokoch
1917-1926 zaoberala ziskavanim a c¢istenimradia z karnotitu, ¢o je
okrem smolinca najznamejsia ruda radia a uranu.

Cielom bola produkcia luminiscenénych farieb .

Jednym z najvyznamnejsich obchodnych partnerov tejto spolocnosti
bola americka armada, ktorej U. S. Radium dodavala
radioluminiscencné hodinky.

Tento kontrakt umoznil spolocnosti
88 Ra 226 (1600 a)

U. S. Radium zamestnat asi 282 4.87063
70 pracovnicok, ktoré nanasali Sc1a A

radioaktivne farby na hodinové 26:102% ey

ciferniky. %O%E h2)1 2 ' 4,601 MeV

6.16%

0.1862
v 186 keV| |ce
3.53%) |ar 0.689
0.0

Aféra RadiumGirls

# Vacsina pouzivanych rucic¢iek a cifernikov byva
luminiscencna ¢i fluorescencna. Niektoré byvaju natrené
relativne neskodnym fosforom, sirnikom zinku, ¢i oxidmi
hlinika s roznymi primesami. Vydrzia ale svietit vacsinou
len niekolko desiatok minut po osvetlent.

» Cast’ vyrobcov vyuziva &i vyuzivala trochu drastickejsie
metddy - hodinové rucicky natrené radioaktivnymi farbami
s primesou radia menej nebezpecné bolo pouzitie tricia
(pouzival ich aj cesky vyrobca Prim).

Radium Girls pri praci

Uz vtedy sa vedelo, Ze zvysena radioaktivita je pre ludsky
organizmus nebezpecna, a preto byli vyskumni a technicki
pracovnici chraneni. Ziadna ochrana sa ale nevzt'ahovala
na robotnicky, ktoré nanasali hotovu farbu na ciferniky.

86 Rn 222 (38235 d)
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Radium Girls

Robotnicky boli naviac uistené, Ze radium je uplne bezpecné.
Evidentne tomu verili, lebo mnohé z nich si radioaktivnou
farbou mal'ovali aj nechty, zuby alebo si ich dokonca nanasali
na telo. Na maskarnych plesoch potom doslova ziarili.

Dalsim zvykom, ktory sa im vypomstil, bolo olizovanie Spi¢iek
stetcov, ktorymi malovali ciferniky. Olizovanim zaostrovali
rozstrapkaneé spicky stetcov pre presnejsie malovanie.

Malé mnozstvo farby pritom casto prehltli, ¢o je to najhorsie,
co sa moze s radioaktivnym materialom stat.

Radium Girls ochoreli

Potom, co vacsina robotnic ochorela, vzniklo podozrenie, ze
za ich problémami je prave dlhodoby kontakt s radioaktivnou
farbou. Medzi hlavné problémy patrila nekréoza celusti,
vypadavanie zubov, zlomeniny, problémy s krvotvorbou a
cely rad dalsich problémov dnes bezne spajanych

s radioaktivitou.

Najvacsie skody dokaze radium napachat na nasich kostiach,
pretoze telo s nim zachadza podobne ako s vapnikom.
Niektoré z pracovnic spolocnosti U. S. Radium v sebe mali
tolko radioaktivity, ze sa ich celuste zobrazovali na
rontgenologickom filme aj bez pouzitia rontgenového
Ziarenia.

Sudny spor a Marie Curie-Sktodowska

Spolocnost’ v reakcii na zdravotné problémy nechala
pracovnicky vysetrit’ a zistila, Ze ich tela obsahuju
vysoké davky radioaktivity. Tuto skutocnost’ im vsak
zamlcala.

O sudnom spore s U. S. Radium sa dopocula aj Marie
Curie-Sktodowska. V roku 1928 napisala: ,,Nie som
lekar, takze nemoézem s istotou posudit, ¢i dievcata
z New Jersey zomru. Ale na zaklade novinovych sprav
o metddach ich prace si myslim, Ze metddy
zachadzania s radiom je potrebné zmenit’.“

Tickling The Dragon’s Tail
- critical assembly experiment

: H [ .'«v ’ g
On May 21, 1946, the screwdriver slipped, the upper beryllium hemisphere
fell and caused a “prompt critical” reaction, resulting in a burst of hard
radiation. The “blue glow” of air ionization was observed and a “heat wave”
was felt by the scientistsin the room. Slotin instinctively jerked his left
hand upward, lifting the upper beryllium hemisphere and dropping it to the
floor. He exposed himself to a lethal dose (around 2100 rems, or 21 Sv) of
neutron and gamma radiation, in history’s second criticality accident.

Louis Slotin died nine days after accident.

21.5.2018
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Histéria radiaénejochrany

1921

British X-Ray and Radium Protection Committee vydava
memorandum, prva norma pre ochranu pred X [uémi

1922

Zalozenie International Commission on Radiological Units (ICRU).

1927

1928

American Roentgen Ray Society si osvojila principy

ochrany pre X lGEmi

PouZity fotograficky film na osobné monitorovanie G. Pfahler
Navrhnutad "tolerance dose" (dovolena davka A.Mutscheller

Genetické efekty oZiarenia x-lGémipreukazané H.J. Muller
Prva komeréna ionizaéna komora vyrobena v USA J.Victoreen
Jednotka Rentgen formalne prijata

Zalozenie International X-Ray and Radium Protection Committee (ICRP)
1929 Prvy prenosny monitor Ziarenia L.S. Taylor
1931 USACXRP zverejruje prve odporicanie -0,2 R/day
1932 Zverejnend koncepcia vyS§Sej pripustnej davky pri G. Failla
arcialnom oZiareni tela (ruka...
1934 ICXRP odporic¢a maximalnu dovoleni davku 0,2 R/day
1935 Sformulovany princip Bragga-Graya o ionizacii prostredia L.H. Gray
1936 USACXRP odporica zniZit maximalnu dovolent davku na
0,1 R/day
1941 Suggested maximum permissible dose of 0.02 R/day L.S. Taylor
1R = 8,7 mGy vo vzduchu ——
- r - - - -
Historia radiacnej ochrany
# r. 1931 - NCRP (Narodny vybor pre radiaénu ochranu v

USA) schvalil jednotku expozicie "réntgen” (R)
r. 1934 — NCRP navrhol stanovit hornu prahovu hranicu

externého oZiarenia na 0,2 R/def (to zodpoveda limitu na
urovni okolo 500 mSv/rok)

Predpokladalo sa, Ze hodnoty expozicie pod prahovou
hodnotou nespdsobuju nebezpedie

Limit v praxi znamenal, Ze pracovnik musel dodrZiavat
uréitu vzdialenost od Ziarica a su¢asne dobu prace, aby
nedoslo k jeho prekroéeniu

Vzdialenost’a ¢as boli a s najjednoduch$imi spésobmi
ochrany pred oZiarenim z externych zdrojov Ziarenia

Vyvoj limitov oZiarenia

4 Horny limit
Rocny limit Tolerovatelného rizika
(mSv) 1 Sv/celozivotne (50 rokov)

— 1934 |

4504 __ ____ K.
_ . X 50 mSv/rok & 20 mSv/rok &
T ) | 100 mSv/5 rokov 100 mSv/5 rokov
I 1
] . | 1951
— 1 w

W L T rese
- I I

50 - ------ ;————4—}‘( —>_ v

1900 1950 1990

Limitovanie Aplikacia tolerovatelnéhorizika

deterministickych efektov (genetické a stochastické efekty)

———

Hirosima a Nagasaki

# 6 august 1945 bez akéhokol'vek varovania americky bombardér
ENOLA GAY zhodil jadrovi bombu LITTLE BOY na HiroSimu.

® Explézia plne zniéila viac ako 10 km? centralnej ¢asti mesta.

# 90 000 ludi bolo usmrtenych okamzite, 40 000 zranenych, vela z
nich na nasledky oziarenia zomrelo v najbliz§ich drioch

# 3 dni potom druha jadrova bomba FAT MAN usmrtila v Nagasaki
37 000 l'udi a zranila 43 000.
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Nasledky atbmového bombardovania

# Prvé dva-Styri mesiace zomrelo na akutne nasledky bombardovania 90

000-166 000 [udi v HiroSime a 60 000-80 000 v Nagasaki

# Odhady hovoria, ze 60% zhorelo priamo vybuchom alebo od poziarov,

30% padu trosiek a 10% od inych pricin.

# Oneskorené umrtia boli spdsobené popaleninami, oziarenim, a iné

poranenia spolu s inymiochoreniami.

# Celkovo okamzite alebo v kratkom Gase po bombardovani zomrelo na

chorobu z oziarenia 15-20%, 20-30% zhorelo pri vybuchu a 50-60% z
inych pricin. Iné priciny nasledkom oziarenia su leukémia (231
preukazanych umrti), zhubné nadory (334 preukazanych umrti)

# Spolu sa udava 200 000 prevazne civilnych obeti.

Historia radiacnej ochrany

# r. 1946 - NCRP upusta od prahovej koncepcie, ktora sa
pouzivala pred 2. svetovou vojnou.

» Siroké pouZivanie radioaktivnych latok (najma v stvislosti s
vyvojom jadrovej zbrane) poéas vojny vzbudilo urgité
znepokojenie, ktoré viedlo ku vzniku novych doporuéeni v
suvislosti s ochranou pred Ziarenim.

s Ku koncu vojny skupina vyskumnikov, vratane NCRP, ktori
sa zaoberali otazkami ochrany pred Ziarenim, sa priklonila k
"bezprahovej" koncepcii, podla ktorej neexistuje absolltne
bezpeéna davka.

# Zdalo sa rozumnym predpokladat, Ze akékolvek, i malé
mnoZstvo Ziarenia, méZe spdsobit poSkodenie, najma vsak
reprodukénych organov.

Historia radiacnej ochrany

# 1. 1949 - Na konci 40-tych rokov vznikla potreba
rozpracovat pravidla radiaCnej ochrany aj pre
obyvatel'stvo.

# Bol prijaty pojem "RBU" (relativna biologicka
ucinnost jednotlivych druhov Ziarenia, dnes QF -
faktor kvality, radiacny vahovy faktor wy), a bola
zavedena jednotka ekvivalentnej davky rem
(rem=10-2Sv).

21.5.2018

12



Historia radiacnej ochrany

# r. 1949 ICRP vyslovila nasledovné poziadavky:

# Znizit najvysSiu dovolend davku o 50%, t.j. na hodnotu
50 mrem/den (0,5 mSv/den).

# Pri oZiareni povaZovat za kriticky organ krvotvorné
organy a stanovit pre ne najvysSiu pripustni davku vo
vySke 300 mrem/tyzden (3 mSv/tyzden).

» Doporugit tieto hodnoty koeficientov RBU:

= Pre rontgenovské, v a p lude RBU=1,
» pre tepelné neutrény RBU=5,
» pre rychle neutrény a ¢astice oo RBU=10.

TESTING THE TROOPS

V rokoch 1945-1962 USA a
ZSSR robili atmosférické
testy jadrovych zbrani,
ktorych sa zucastnovali
armadne jednotky.

Vojaci na zamorenom
Uzemi robili manévre
kratko po vybuchu, alebo
pocas cvicenia bola v
rajone zhodena atéomova
bomba.

Miss Atomic Bomb of 1957

37kt ,Priscilla“ naNTS cca100km od Las Vegas,
Pri testovani rozmiestnili v okoli 719 prasiat.

"We were nothing more than guinea pigs™

......

V Rusku napr. gen. Zukov pozadoval precviéit &¢innost vojsk
pocas vybuchu A bomby, tak v roku 14.09.1954 pocas cvicenia
40000 vojakov odpalili 40 kT bombu na polygone Totsk (Ural).

Napr. Nevada Test Site:

1957 Plumbbob - 18 000 vojakov
1958 Hartack - 20 000 vojakov
1962 Nougat - 31 000 vojakov

V USA sa v sedemdesiatych rokoch zacali procesy veteranov z
tychto pokusov, ktori boli oziareni pocas manévrov.

V Rusku sa az v 90-tych rokoch veterani, ktori prezili
manévre dovolali kompenzacir.
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13



ALAPA

® r. 1954 - Prijatie koncepcie "ALAPA" (As Low as Practically
Achievable - Tak nizko, ako je to prakticky dosazitelné)
zamenilo doteraz pouzivané ,lowest possible“.

# ICRP prehlasilo tézu, ze neexistuje absolutne bezpecna
uroven oziarenia nad prirodnym pozadim a preto pri
cinnostiach treba zvolit prakticku uroven, ktora z pohladu
sucasnych vedomosti predstavuje zanedbatalné riziko.

# Napriek takémuto pristupu neboli zrusené prahové Grovne
stochastickych efektov. Komisia navrhla vyuzivat' v radiacnej
ochrane velicinu absorbovana davka a jednotku rad (=0,01 Gy)
spolu s RBU vahovanou jednotkou rem (=0,015v).

Linearna bezprahova koncepcia

# r. 1966 — ICRP vydala Publikaciu 9 v ktorej sa uZ naplno
implementovala linearna bezprahova koncepcia vztahu davky
a ucinku.

# V radiaénej ochrane sa odporucal vyuzivat' princip
optimalizacie. Optimalna ochrana mala byt’ désledkom analyzy
nakladov a prinosov (cost benefit).

Historia radiacnej ochrany

m r. 1958 - NazhromaZdené experimentalne udaje o
nizkoaktivnom Ziareni k tomuto roku viedli ICRP k d’alSiemu
zniZovaniu davok a to na 100 mrem/tyzden (1
mSv/tyZzden), avSak kvoli vacsej pruznosti pri pouzivani
tychto pravidiel bolo dovolené absolvovat do 3 rem (30 mSv)
pocas lubovolného Stvrtroka v danom roku za podmienky, Ze
celkova roéna davka nepresiahne hodnotu 5 rem (50 mSv).

# TaktieZ bola stanovena kumulovana davka k danému veku,
ako aj velkost expozicie jednotlivych organov ludského
organizmu.

# Z odporuéani ICRP 1958 vychadzala Vyhlaska MZ SR
¢.65/1972 (analogicka k vyhlaske MZ CR &. 59/1972) a jej
platnost’ bola zruSena az vyhlaskou MZ SR €. 12/2001.

Historia radiacnej ochrany

# r. 1977 - ICRP vydala doporucenie €. 26, ktore
zasadne ovplyvnili radiacnu ochranu.

# Zavedené pravidla sa povaZuju za moderny
pristup k radiacnej ochrane.

# K systému limitovania davok bola pripojena
poZiadavka optimalizacie a odévodnitel’nosti v
radiacnej ochrane.
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Historia radiacnej ochrany

# r. 1990 - ICRP vydala doporucenie €. 60, ktorymi
sa zmenili pristupy k radiacnej ochrane a sprisnili
limity a pristupy k hodnoteniu oZiarenia.

# Zavadza sa hové chapanie zdravotného
poskodenia ako miery radiacného poskodenia
zahriujucu rakovinu veducu k umrtiu (fatalna
rakovina), dedi¢né poskodenie, ale aj rakovinu
neveducu k umrtiu (nefatalna rakovina).

Doporucenie ICRP 103 z roku 2007

# Boli prijaté v marci 2007 a nahradili predchadzajiuce ICRP 60
z roku 1990.

# Do legislativy EU boli implementované smernicou rady EU
2013I59IEURATOM, ktorou sa stanovuju zakladné bezpeénostné
normy ochrany pred nebezpeéenstvami vznikajucimi v dosledku
ionizujuceho Ziarenia.

# V najblizSom obdobi sa oéakava prijatie nového nariadenia, ktoré
bude obsahovat™ odporticania ICRP 10312007, budu v sulade s
bezpecnostnou normou IAEA GSR Part 3: Radiation Protection
and Safety of Radiation Sources a smemicou rady EU
2013/59/EURATOM.

Legislativa radiacnej ochrany v SR

# Radiatna ochrana je suc¢astou verejného zdravotnictva, ktoré reguluje Zakon
NR SR 355/2007 o ochrane, podpore a rozvoji verejného zdravia.

# Pravidia radiacnej ochrany su rozpracované v Nariadeni vlady 345/2006 o
zakladnych bezpeénostnych poziadavkach na ochranu zdravia pracovnikov a
obyvatelov pred ionizujucim Ziarenim.

# \/ Medzinarodnom meritku sa pre oblast jadrovej energie odpori¢a norma
IAEA GSR Part 3: Radiation Protection and Safety of Radiation Sources.

# Zakon 355/2007 Zz. do slovenskej legislativy prebera PRAVNE AKTY
EUROPSKYCH SPOLOCENSTIEV A EUROPSKEJ UNIE, z ktorych sa
radiaénej ochrany pracovnikov tyka nova Smernica Rady 2013/59/Euratom,
ktora stanovuje zakladne bezpecnostné normy ochrany zdravia pracovnikov
a obyvatelstva pred nebezpetenstvami vznikajucimi v dosledku ionizujiceho
Ziarenia.

Zamery doporuceni ICRP

# Prvotnym cielom Doporuceni ICRP je prispiet” k naleZitej urovni
ochrany lFudi a Zivotného prostredia proti skodlivym U¢inkom
expozicie Ziarenim bez nadmerného obmedzovania
potrebnych l'udskych €innosti, ktoré mdzu viest' k takym
expoziciam.

# Zdravotneé ciele radiaénej ochrany su relativne priamociare:
riadit’ a usmeriiovat” expozicie ionizujucemu Ziareniu tak, aby sa
predislo deterministickym ucinkom a aby riziko stochastickych
uéinkov bolo znizené na rozumne prijatelnt mieru.
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Zamery doporuceni ICRP

m Radiaéna ochrana sa zaobera dvomi typmi Skodlivych uginkov:

= Vysoké davky spésobuju deterministické ucinky
(nepriaznivé tkanivové reakcie), ¢asto akutneho charakteru,
ktoré sa objavuju iba ked davka presiahne prahovi hodnotu.

= Vysoké a aj malé davky m6zu sposobit stochastické
ucinky (rakovinu alebo dediéné uginky), ktoré mézu byt
zaznamenané ako Statisticky preukazatelné zvysenie
vyskytu tychto U€inkov prejavujucich sa dlho po expozicii.

Doporucenie ICRP 103 z roku 2007

#t Boli prijaté v marci 2007 a nahradili predchadzajuce ICRP 60
z roku 1990.

s ICRP 103 aplikuje, rozvija a konsoliduje nové poznatky
a trendy z oblasti biofyziky. Upresiiuje hodnoty radiacnych
a tkanivovych vahovych faktorov na ur€ovanie ekvivalentnej
a efektivnej davky.

# Zachovava hlavné principy radiacnej ochrany:
oddvodnitelnost, optimalizacia a limitovanie oZiarenia.

#t Principy oddvodnitelnosti a optimalizacie sa rozpracovavaju
pre vSetky planovaneé i havarijné situacie pri ¢innostiach
veducich k oZiareniu.

# Limity oZiarenia zostavaju nezmenene.

Doporucenie ICRP 103 z roku 2007

# Na zabezpecenie principu limitovania pre vsetky relevantné zdroje
oziarenia, sa zavadzaju davkové optimalizatné medze (medzne davky)
a referencné Urovne pre existujuce a havarijné situacie (dose and risk
constraints, reference levels for emergency and existing exposure
situations).

# Pre planované expoziéné situacie sa stanovuju davkové optimalizacné
medze a davkove limity, pricom davkove limity oziarenia zostavaju
nezmenene.

# Odporucanim ICRP 118/2012 a nasledne v dokumente IAEATECDOC
1731/2013 sa zmenil limit pre oZiarenie o¢nej SoSovky. Priemerna
ekvivalentna davka v ocnej SoSovke za b po sebe nasledujucich rokoch
nesmie presiahnut 20 mSv zarok a v ziadnom roku nesmie presiahnut 50
mSv (pdvodne limit ekvivalentnej davky bol 160 mSv/rok).

Akcéneé urovne oziarenia

# Situacie, pri ktorych by mohli byt prekrocené
davkové prahy pre deterministické ucinky vo
vyznamnych organoch, by mali vyvolat’ zachranné
akcie takmer za vsetkych okolnosti.

# Preto rocné davky dosahujlice 100 mSv su takmer
vzdy dostatocnym dovodom zavedenia ochrannych
opatreni.

# ICRP predpoklada, Ze pri davkach Ziarenia priblizne
pod 100 mSv za rok sa stochastické Ucinky vyskytuju
s malou pravdepodobnost’ou.
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Linear-non-threshold LNT

# Pouzitie tzv. linearneho bezprahového modelu
(linear-non-threshold - LNT) povazuje ICRP za
najlepsi pragmaticky pristup k usmernovaniu rizika
Z expozicie Ziarenia a pritom porovnatelny s
principom ,predbeznej opatrnosti“ (UNESCO, 2005).

# ICRP povazuje model LNT dobrym zakladom pre
radiacnu ochranu pri malych davkach a malych
davkovych prikonoch. Nevyhodou je nemoznost’
rozlisit' nebezpecnu a neskodnu Uroven bez
pripustenia akceptovatelnej urovne rizika.

Moderny pristup k radiaénejochrane

# Pri uplathovani principov radiacnej ochrany sa
zasadny doéraz kladie na optimalizaciu radiacnej
ochrany a v tomto zmysle sa potlaca uloha
limitovania davok.

# Ak zd6évodnenie Cinnosti a optimalizacia ochrany
boli a su uskutochované efektivhe, len vo
vynimocnych pripadoch by malo déjst’ k
aplikacii limitov individualnych davok.

Limity a stochastickeé riziko podla ICRP

¢ Koeficient rizika: ¢ Koeficient rizika: ¢ Koeficient rizika:
1.25x102/Sv 4x102/Sv 41x102/Sv

o Celozivotné riziko pre o Celozivotné riziko pre o Celozivotné riziko pre
35 rokov prace: 35 rokov prace: 35 rokov prace:
0,05 Svx 35 rokovx 0,02 Svx 35rokovx 4 0,02 Svx 35 rokovx
1.25x102=2.2 x102 x102=2.8 x 102 4.1x10? =2.87 x10?

Stochastickérizikoz oziarenia
podl'a ICRP 103/2007

Celosvetové riziko umrtia na rakovimu = 25%

Zvysenie rizika imrtia na rakovinu spdsobenii celoZivotnym
oziarenim 1 Sv = 5%

ZniZenie prirodzenej dizky ludského Zivota spojena so smrtefnou
rakovinou = 16 rokov

ZniZenie prirodzenej dizky ludského Zivota spojena s celoZivotnym

oziarenim davkou 1 Sv = 1 rok
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Kolektivha davka

Number of . Excess of Collective Collective
Individual |, . . .
exposed dose individual risk | risk on the | dose for the
individuals (ICRP 103) population | population
100 1Sv 4.1/100 4.1 cancers 100 man.Sv
1000 0.1Sv 4.1/1000 4.1 cancers 100 man.Sv
10000 0.01Sv 4.1/10000 4.1 cancers 100 man.Sv

Toto je mozné tvrdit len pri platnosti LNT linedrnej bezprahovej
zavislosti medzi davkou a tiéinkom.

Dosiahnutie nulového rizika...
WHY NOT A ZERO RISK OBJECTIVE?

Pre ludsky Zivot na Zemi je dosiahnutie nulového rizikanemoZzné. MéZeme hovorit
o zniZovani rizika a Uroven dosiahnutej Urovne rizika zavisi od vynaloZzenych
prostriedkov. Efekt prirastku od vynaloZzenych prostriedkov sa zniZuje pri znizovani
rizika. Toto plati aj pre radiaénti ochranu a stochastické riziko.

b RESIDUAL
RISK

THE LAW OF MARGINAL
DIMINISHING RETURNS

Zakon znizovania
prirastku vynosov
(ndvratnosti, zisku)

T TRASNUSAFE

Comparison with other exposure risks

Risk for
occupational
Type of effect | Risk Coefficient lifetime
exposure (35
years)
Nickel & 7 Sl = 5
compounds Lung cancer 410* (pg.m3) 1000 pg.m 4410
Arsenic Lung cancer 1.5 103 (pg.m3)? 200 pg.m3 3.31072
lonizing 5 a ~ 5
Radiation Cancer 4.1 102 (Sv) 0.02 Sv 2.910
Benzene Leukaemia 610° (pg.m3)? 16 000 pg.m=> 1.0 102
Lung cancer & A 2 ) I 2
Asbestos . 2107 (fiber.cm3) 0.1 fiber.cm 0.210
Mesothelioma

Sources : NEA, CEPN, ICRP 103
T TRASNUSAFE

LIMITACIA OZIARENIA

Dva ciele osobného limitovania davok

Nenastanti deterministické

Individualne riziko stochastickych nasledkov
ucinky oZiarenia

je na spoloéensky tolerovatelnej urovni

Individual

risk level Individusl

risk level

( wwcarmmsmss )

- = e R R R R R R R W R W

TOLERABLE RISK

ACCEPTABLE

Specific to each
exposure

HuHl MEwrRMEoH

situation,

T TRASNUSAFE
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Optimalizacia

Pochopenie problému, prediktivny pristup

Hodnotenie expoziénych situacii Identifikacia a kvantifikacia moznosti
(kde, kto, ako, doba, neur¢itosti) zniZenia davok
Proces ALARA

Faktory radiaénej ochrany, vyber

postupov rozumne znizujucich davky LB

Finalne odporucania

Optimalizované hodnoty osobnych a kolektivnych medznych davok, eliminacia
zbyto¢ného oZiarenia a oZiarenia, ktoré méZeme eliminovat’za rozumna cenu.

' Zakonné poziadavky

e Prevysenie davok = e Prekrocenielimitov sa pri optimalizécii neuvazuje,
porusenie zékona je to zakon. Uroveri davok je vysledkom uréitého

e Zodpovednost sa delf procesu a postupov.
medzi pracovnikom a e Vsetd st zodpovedni za pozitivny postoj a pristup
drzitelom licencie k implementécii ALARA.

e NajvacSiazodpovednost * Hodnotenieradiaénej ochrany sa odzrkadlujev
je na pracovnikovi definovani cielov RO.

e (Ciele nie sd pravne napadnutelné

e Zodpovednostjerozdelend medzi pracovnikov
drzitelom licencie

e Drtitel'licencie je povinny poskytnit pracovnikom
optimalizované pracovné podmienky (radiaéna
situdcia, ochranné prostriedky)

e Zamestnavatelje spoluzodpovedny za hodnotenie
oZiarenia svojich zamestnancov.

e Zane-implementéaciu ALARA je a-posteriori
zodpovedny drzitel licencie

Ako znizit' riziko rakoviny

Prestat fajéit —po 10 rokoch bez cigarety riziko rakoviny plic sa znizi dvakrat

# Zdravo sastravovat — ceredlie, zelenina, ovocie, celozrnné pecdivo, mengj
Cerveného masa, aspon raz za tyzder ryby, strukoviny, mengj soli a tuku.

® UdrZiavat zdravi hmotnost —obezita, nezdravé stravovanie amélo pohybu
spbsobuju tretinu vSetkych pripadov rakoviny

# Opal'ovat sa rozumne —opalovanieje potrebné na ziskanie vitaminu D, av§ak
mbZe spbsobitrakovinu koZe -melaném.

# Obmedzit alkohol — alkohol spésobuje rakovinu Ustnej dutiny, hlasiviek, hltana,
pazeréku, ¢riev, pecene... Obmedzit mnoZstvo na 1 $tandardny drink za deri a
aspon dva dni v tyZzdni nepit vobec. Standardny drinkje deci vina, 1 pivo, 30 ml
tvrdého.

# Aktivny Zivotny styl — telesna aktivita min 3x10 min denne

# Preventivne vySetrenia a samovysetrenia
= Venovat pozornost zmenam v tkanivéch, hreky, podliatiny, krvacavost, zmeny hmotnosti,
opuchy, pluzgiere, chronicky kasel, materské znamienka, problémy pri moéeni, krv v stolici...
®  muZi — prostata, semenniky, hrubé érevo
m  Zeny —prsniky, kréokmaternice - papilloma vakcinada,
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STANDARDS

INTERNATIONAL ORGANISATIONS INVOLVED IN THE
ESTABLISHEMENT OF RADIOLOGICAL PROTECTION

IAEA

BSS GSR3
with FAO, ILO, OECDINEA,

PAHO, WHO

UNSCEAR

ICRP S

Publication 103 2013/59/Euratom

refers to ICRP 103

Member states
of EU, new
directivein 2018
= 77

Radia¢naudalost’' v Mexiku 02.12.2013

Terapeuticky Ziari¢ ¢°Co aktivita 111 TBq (3
kCi)!!! Transport z polikliniky v Tijuane na
uloZisko RAO v kontajneri. Auto (2,5t VW)
s kontajnerom bolo ukradnuté z pumpy a
neskor najdené opustené, Ziari¢ vybraty z
kontajnera a hodeny do pol'a. Ziari¢ bol
dialkovym policajnym robotom nalozeny
do kontajnera a odvezeny (10.12.2013).

PDE 34 Sv/h vo vzdialenosti 1 m.

Odporuc¢ané ro¢né limity v minulom storoci
podla narodnych limitov NCRP (USA)

- Annual occupational limit 2 -
10° p 10°mrem =1 mSv
5L
z 10 70 rem (1924)
2 30rem (1934)
£ 15 rem (bone marrow 1949) ICRP 1958
T 10tE ICRP 1977 ICRP 1990
© 5rem (1958)
z
5
g 2rem (1990)
§ 3L Trem (1993)
o 500 millirem (160) Annual public limit (infrequent exposure) NCRP 1993
150 millrem (1960) Annual public limit (continuous exposure)
2 T T T T T e 1
10% -
100 millirem 1989) (i exposure 1993)
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Year

JAMES CHADWICK

In 1907, while enrolling at the University of

Manchester, James Chadwick accidentally found

himself in the line for those hoping to major in
physics.

Chadwick, who had intended to be a mathematician,
was too shy to admit he was mistaken and
stayed inline. Thus began the career of one of
this century's most distinguished physicists.

In 1913 he received his master's degree and left for
Germany to work with Hans Geiger. There,

Chadwick was the firstto show that beta particles

possess a range of energies up to some
maximum value.

Trapped in Germany when WW | broke out,
Chadwick was imprisoned in a horse stall at a
racetrack that served as an internment camp.
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JAMES CHADWICK

As soon as the war ended and he gained his freedom, Chadwick returned to England
and joined forces with Ernest Rutherford. Intrigued by Rutherford's speculation
about a subatomic particle with no charge, Chadwick began a series of
experiments to demonstrate the existence of such a particle.

Initially, none of the experiments succeeded. Then, in 1930, Walther Bothe and Herbert
Becker described an unusual type of gamma ray produced by bombarding the
metal beryllium with alpha particles. Chadwick recognized that the properties of
this radiation were mare consistent with what would be expected from Rutherford's
neutral particle.

When Frédéric and Irene Joliot-Curie subsequently claimed that Bothe and Becker's
"gamma rays" could eject high energy protons from paraffin, Chadwick knew these
were not gamma rays.

The subsequent experiments by which Chadwick proved the existence of the neutron
earned him the 1935 Nobel Prize in physics. Not only did this singular particle
provide physicists with a superlative tool for investigating the atom, it was also used
to produce a wide variety of new radioisotopes and permitted the initiation of nuclear
chain reactions.

Hans Bethe has referred to Chadwick's discavery as the histarical beginning of nuclear

phySiCS. T ——

#t  Enrico Fermi believed that good looks and height were inversely proportional to intelligence, but

ENRICO FERMI

#  Enrico Fermi's first significant accomplishment in nuclear physics was providing a matheiiid
means for describing the behavior of certain types of subatomic particles, a process
concurrently developed by Paul Dirac and which came to be known as Fermi-Dirac statistical
mechanics. His next major accomplishment was to successfully explain beta decay by
incorporating into the process the production of a new particle which he named the neutrino.
Despite the significance of his contributions to theoretical physics, Fermi is best known for his
experimental work. When Frédéric and Irene Joliot-Curie first produced artificial radionuclides
by bombarding aluminum with alpha particles, Fermi recognized that James Chadwick's
recently discovered neutron offered a means to create radionuclides from targets of higher
atomic number. In the course of doing so, Fermi noticed that greater activity was induced when
the neutron bombardment was performed on a wooden table. He deduced that the neutrons
became more effective because they slowed down after being scattered by the wood. He also
recognized that neutron bombardment of uranium had the potential to produce a new class of

elements, referred to as the transuranics. For his discovery of new radioactive elements and his

work with slow neutrons, Fermi was awarded the 1938 Nobel Prize in physics. However,
unknown to Fermi and the Nobel Prize Committee, the "new elements" Fermi characterized
(with one exception) weren't new at all, they were fission products, i.e., radioisotopes of known
elements produced by splitting uranium. Shortly after receiving his Nobel Prize, Fermi left Italy
to join the faculty of Columbia University in the United States. Here he supervised a series of
experiments that culminated in construction of the CP-1 Pile, the first controlled self-sustaining
nuclear chain reaction. This momentous event took place in a squash court under the west
stands of Stagg Field at the University of Chicago on December 2, 1942. Fermi thus became
the first to control nuclear fission, the very process that in 1934 had led him to the false
conclusion that he had discovered the transuranic elements!

ARTHUR HOLLY COMPTON

he was willing to allow an exception in the case of the tall and handsome Arthur Compton.
Compton demonstrated the magnitude of his formidable intelligence very early in his career. In
1919, shortly after receiving his doctorate in physics from Princeton, Compton spent a year in
Cambridge working under Ernest Rutherford investigating the properties of scattered gamma
rays. In the early 1920's, at Washington University in St. Louis, he continued this line of
research using X rays instead of gamma rays. He discovered that the scattering of the X rays
by graphite lowered their energy. Compton hypothesized that the X rays must be behaving like
particles (i.e., photons) that transferred their energy to the electrons of the graphite in a
"collision". This would not happen if X rays behaved exclusively as waves. For example, the
wavelength (i.e., pitch) of sound does not change as it is reflected off a surface. This provided
experimental proof that electromagnetic radiation could exhibit the characteristics of particles as
well as waves. In acknowledgement of the importance of this work, Compton was awarded the
1927 Nobel Prize in physics. His research then shifted to investigations of cosmic rays.
Measurements at thousands of locations around the world showed that the intensity of cosmic
rays was affected by the earth's magnetic field. This provided conclusive evidence that cosmic
rays must consist of charged particles. Atthe outbreak of WW I, Compton's reputation was
such that he was asked to direct the Metallurgical Laboratory. The "Met Lab", as it was called,
was the organization at the University of Chicago that helped guide the nation's scientific efforts
devoted to the development of the atomic bomb

m  Otto Hahnwas the chemistwhose discovery of nuclearfission ultimately led

OTTO HAHN

tothe ending of WW II. The story of Hahn's discovery began in 1938 with a
reportby Iréne Joliot-Curie thatb ing uranium with had
resulted in the production of a radionuclide of thorium, which they later
speculated was a transuranium elementsimilarto lanthanum. The astounded
Hahntold Iréne's husband, Frédéric, thatsuch a thing was nonsense and that
he would perform an experimentto prove as much. In the process of
duplicatingherwork, Hahn and tker Fritz di dthat,
among otherthings, three isotopes of bariumhadbeenproduced. Thiswas
incredible because the mass of barium is about halfthat of uranium.No
known reaction could explain such a huge change. When they published their
results (Jan. 6, 1939) Hahn and Strassmann notedthatsuch a thingwas"in

itionto allthe ph b: d up to the presentinnuclear
physics." Hahn, conscious ofthe factthat as a chemisthe wastreading in the
domain of physics, did not offer an explanation. Instead, he leftitupto Lise
Meitner, his longtime collaborator, to whom he hadsent a letter(December
19, 1938) describing hisfindings and asking "Perhapsyou can suggestsome
f i ion," whichsh lained as nuclearfission. Nevertheless,
despite the contributions of Strassmann and Meitner, itwas Hahn who was
awarded the 1944 Nobel Prize in chemistry forthe di: y. Unf ly.
Hahnwas not atthe awards ceremony to receive his prize. Atthe time he
learned ofthe award, hewas being held by the British who were seeking
informationfrom him aboutthe failed German effortto develop an atomic
bomb. Asthe Chai ofthe Nobel C itteefor Chemistry reported
"Professor Hahn .. . has informed usthat he isregrettably unable to attend
this ceremony."

21.5.2018

21



JEAN FREDERIC JOLIOT & IRENE CURIE

In 1925, FrédéricJoliotaccepted the position of special assistantto Marie
Curie. The nextyeal he mamed Marie's daughter, Iréne, forming one ofthe
most hips of all time: Frédéricserved the role of
chemist, Ilenethatofphyslclst Unfortunately, the early stage oftheir careers
was definedby failure ratherthansuccess. Not only did they fail to discoverthe
neutron, misidentifying itas a gamma ray, they also just missed discovering the
positron. Later on, however, itwastheir ob ofthese very particl
thatled to theird y of artificial radio activity, whichis ideredto be
their greatesttriumph. Iréne and Frédérichad notedthatthe bombardment of
aluminumwith alpha particles resulted inthe emission of neutrons and
positrons. As expected, the neutronswere emitted only aslong asthe
aluminumwas being bombarded by alphaparticles. What astonished Frédéric
and Iréne wasthe continued emission of positrons long afterthe alpha source
had been removed from thetarget. Inmediately, Frédéric and Iréne performed
caleful analyseswhlchshowedthatthe alpha bombaldmenthadploduceda

from the Notonly had
they ploducedthefllstamf |allad|onucllde theywelethefusno
ntally confirm the of one elementinto

anothel element! Up to this point, the only radioactive materials available for
medical and scientific research were those that occurred naturally. Now a
method was available for creating awide newvari of radioisotopes. The
impactwasimmense, andforthis discovery the Joliot-Curieswon the 1935
Nobel Prize for chemistry. Later, during WW II, they helpedhamper German
efforts to develop anatomic bomb by ensuring thatthe entire stock of heavy
waterfromthe Norsk Hydro Plantwassecured and shipped to Britain before
France and Nonway came under German control. Afterthe war, they made
major contributions to the construction of France'sfirstnuclearreactor.

LISE MEITNER

m  Lise Meitner, forever linked |npeople smindswith the monumental discovery of
nuclearfission, made many to science th hout a long
and productive career. Upon receiving a doctoratein physicsin 1906, Meitner
wentto the University of Berlin where she began her collaborations with Otto
Hahn. The firstsignifi result of this collab { an importanttechniq
forpurifying radioactive materialthattook advantage oftherecoilenergy of atoms
produced in alphadecay. Latel atthe Kaiser Wilhelm Institute in Austria, she was

the first to explain how were prod dwhen gamma ray
energywas used to e]ectolbltal I She also provided thefirst d i
ofthe origin of augerel iter-shell orbital electr e]ectedfmmthe
atomwhen they absolbedtheenelgy released by other electronsfallingto lower
When Nazi dAustria in 1938, Meltnel aJew, fled to
Sweden. In herabsence, Hahn andFritz St they

had begun earlierwith Meitner anddemonstlatedthatbanum wasploducedwhen
auranium nucleuswas struck by neutrons. Thiswas absolutely startling because
barium isso much smallerthan uranium! Hahnwrote to Meitner, "it [uranium] can‘t
really break up into barium. . . try to think of some other possible explanation.
While visiting her nephew Otto Frisch forthe Christmas holidaysin Denmark, she
and Frisch proved that a splitting of the uranium atom was energetically feasible.
They employedNiels Bohr'smodel ofthe nucleusto envision the neutroninducing
oscillations in the uranium nucleus. Occasionally the oscillating nucleuswould
stretch outinto the shape of a dumbbell. the repulsive forces betv

the protonsin the two bulbous endswould cause the narrowwaist joiningthemto
pinch off and leave two nucleiwhere before there had beenone. Meitner and
Frisch described the processin alandmark letterto the journal Nature with a term
borrowed from biology:fission.

ERNEST RUTHERFORD

Emest Rutherford |scons|de|edthefathelofnuclealphyslcs Indeed, |tcou|dbe
said that Rutherford i dthe very | theth i
ofthe atom and the phenomenon of radioactivity. Particlesnamed and chalamllzed
by him include the alphaparticle, betaparticle and proton. Even the neutron,
discovered by James Chadwick, owes its name to Rutherford. The exponential
equationused to calculate the decay of radioacti b was first ploy
forthatpurpose by Rutherford and he was the firstto elucidatethe related concepts
ofthe half-life and decay constant. With Frederick Soddy at McGill Universi
Rutherford showed that elements such as uranium andthorium be came different
elements(i.e. transmuted)throughthe process of radioactive decay. Atthe time,
such anincredibleideawasnotto be mentionedin polite company:itbelonged to
the realm of alchemy, notscience.Forthiswork, Rutherford won the 1908 Nobel
Prize in chemistry. In 1909, now atthe Uni ity of M h Rutherford was
bombarding a thin goldfoilwith alphaparticleswhen he noticed that although almost
all ofthem wentthroughthe gold, one ineightthousand would"bounce" (i.e. scatter)
back. The amazedRutherford commented thatitwas"asifyoufired a 15-inch naval
shell ata piece oftissue paperandthe shellcamerightback and hityou." From this
simple ob: ion, Rutherford luded thatthe atom's mass must be

trated |nasma|l,. itively-charged nucleuswhile the electronsinhabitthe
farthestreaches of the atom. Althoughthlsplanehry modelofthe atomhasbeen
greatly refined overthe years, itremains asvalid today aswhen itwas originally
formulated by Rutherford. In 1919, Rutherford returned to Cambridgeto become
director ofthe Cavendish Laboratorywhere he hadpreviously done his graduate
wortk underJ.J. Thomson. ltwas here thathe made hisfinalmajor achievement, the
artificial alteration of nuclear and atomic structure. By bombarding nitrogen with
alpha particles, Rutherford demonstrated the production of a different element,
oxygen."Playing with marbles" iswhat he called it the newspapersreported that
Rutherford had "splitthe atom." After his death in 1937, Rutherford's remainswere
buried in Westminster Abbey nearthose of Sirlsaac Newton.

] WILLIAM DAVID COOLIDGE

In 1913, WilliamDavid Coolidge ionizedthe field of radiols by ingwhatis
now referred to as the Coolidge X-ray tube. No newscientific principles or discoveries
were i Ived, and to Coolidge'" ployer, the General Electric Company, the invention

simply represented a new product. Nevertheless, this new productbecame awatershed in
the field of medicine. Thestory of its development beganin 1905 when Coolidge joined the
General Electiic Research Laboratory and was given the task of replacingthe fragile
carbon filaments in electric light bulbs with gsten fil The ilab g was
difficultto work i . butCoolidg dedand hisimp d light bulb was
broughtto marketin 1911. General Electric also manufactured X-ray tubes and Coolidge
lecognlzedthathlstungstenfllamenttoge!helwnh additional modifications could

ifi ly improve the perfi ofthe tube. Coolidge'simproved X-ray tube
employed a heated tungsten filamentasitssource of electrons(i.e., the cathode). Since
residual gas moleculesin the tube were no longer necessary as the electron source, the
Coolidge(orhot cathode)tube couldbe completely evacuatedwhich permitted higher
operatingvoltages. These highervoltages producedhigher energy X rayswhich were
more effective inthe treatment of de ep- seatedtumols In addition, the intensity ofthe X
rays didn'tshowthe ti dousfl haracteristic of earliertubes and the
operatorhad much greater control overthe quality (i.e., energy) of the X rays. Coolidge
laterbecame Director of the laboratory and eventually Vice-President and Director of
Resealch for General Electric. Atthe beginning of WW I, he was appointedto asmall

blishedto luate the military import: of h on uranium. This

committee'sreportled to the establishment of the Manhattan District for nuclearweapons
development. In 1975, with83 patents to his credit, William David Coolidge was elected to
the Nationallnventors Hall of Fame, the only person to receive this honorin his lifetime.
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LAURISON S. TAYLOR

u By thetime LauristonTaylorwas 26 years ofage, he was Chief ofthe X-ray group atthe National
Bureau of Standards andhad served as one ofthree representatives ofthe United Statesatthe Second
International Congress of Radiology in 1928. At the Congress, Taylor and G. Kaye of GreatBritain were
the driving forces behind the creation ofthe International Commission on Radiological Protection
(ICRP), the world's mostinfluential organization in the field of radiation protection. From 1937 to 1950,
Taylor served as Secretary ofthe ICRP and,from 1934 to 1950, Secretary of almostas influential an
organization, the International Commission on Radiation Units and Measurements (ICRU).In 1953
Taylor hecame Chairman ofthe ICRU, a position which he helduntil 1969. Ayear after the Second
CongressofRadiology, Taylor established andbhecame the first president ofthe National Council on
RadiationProtection and Measurements (NCRP), the counterpartinthe U.S. to the ICRP and the
scientific body from which thisnation'sregulatory agencies seek guidance regardingradiological
protection. At the National Bureau of Standards, Taylor's activities focussed on the measurement of X
rays. In fact, heis credited with buildingthe world's firstportable radiation survey meter (ca. 1929). He
also builtthe Bureau'sfirstfree-airion chamber, the primary device for measuring the intensity of X rays
andthe firstsuch chamberto employ guard wires. The use of guardwireswas a tremendous
improvementhecause it created a more uniformelectric field and greatly reduced the size and weight of
these chambers. Inthe mid 1930's, Taylor constructed the first pressurized ion chamber in the United
States which, foratime, was the only operating free-airion chamber anywhere. Whentechnical
contributions such asthese are consideredtogether with hismany other achievements, itbecomes
apparentthatno one hasplayed a greaterrole in shapingthe profession ofradiationprotectionthan
Lauriston Taylor.

Three Mile Island

In more recent decades,
high profile mishaps
have rekindled distrust
of radiation.

The 1979 partial
meltdown of the Three
Mile Island nuclear in
the midst of central
Pennsylvania's
population centers
caused near panic.

Chernobyl

Far more devastating was
the 1986 explosion of a
Ukrainian nuclear reactor
at Chernobyl, killing 31.
With an estimated
36,000,000 curies of
radioactivity released,
damaging long-term effects
potentially could be far-
reaching.
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