Historia radiacnej ochrany

Ing. Rébert Hinca PhD.

Objav X-lu€ov 1895 Réntgenom

# Pred Rontgenom sa podobnym javom venoval Wiliam
Crookes (v roku 1880 nevenoval pozornost s¢erneniu
fotografickych platni vplyvom katddového ziarenia)

# Philipp Lenard (*1862 v Bratislave, 11947) v roku
1893 pozoroval fluorescenciu krystalov v blizkosti
katody (nepokracoval vo vyskume, lebo dostal miesto
profesora vo Vroclave a odisiel z Bonnu). Lenard upravil
Crookesovu trubicu tak, ze skonstruoval malé okienko Bf'h
(Al) cez ktore sa katodove Ziarenie dalo lepsie skumat'. |
Lenard dostal v 1905 nobelovu cenu aj za prispevok k r
objavu elektrénu Thompsonom v roku 1897. £

# Snazili sa dokazat' existenciu vysokofrekvenéného
elektromagnetického Ziarenia predpovedaného 1
Hermann von Helmholtzom, u ktorého Studoval E
Heinrich Hertz, u ktorého Studoval Lenard.
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Philipp Lenard (*1862 v Bratislave, 11947)

Lenard was born in Pressburg, Hungary (now part of Slovakia). Otec bol
tirolsky obchodnik s vinom.

V Case $tudii na gymnaziu v Bratislave skimal spolu so svojim profesorom
fyziky Virgilom Klattom (1850- 1935) fosforescenciu. Po maturite na realke v
Bratislave (1880) Studoval fyziku na univerzitach v Budapesti, Viedni,
Berline a Heidelbergu. Potom presiel do Bonnu k Hertzovi a v roku 1892 sa
tu habilitoval.

Medzi prvymi skumal prechod katdédovych lucov cez tenké kovové dosticky.
Na tento ucel skonstruoval Specialnu katodovu trubicu s malym otvorom
(tzv. Lenardovo okienko), ¢o umoznilo nielen preskumat vlastnosti
katodovych lucov, ale tiez odseparovat elektrony a stanovit ich hmotnost.
Jedno zo svojich ,okienok* zapoziCal aj W. C. Réntgenovi, ¢im nepriamo
prispel k objavu li¢ov X (Réntgenového Ziarenia).

Chserver’s room

Philipp Lenard (*1862 v Bratislave, 11947)

ocas spoluprace s H. Hertzom sa zacal zaoberat fotoelektrickym javom.
Dokazal, Ze pri vonkajSom fotoefekte sa uvoltiuju elektrony (1899) a stanovil
zakonitosti fotoelektrického javu (1902): energia vyletujucich fotoelektrénov
nezavisi od intenzity dopadajiceho svetla a je priamo Umerna jeho frekvencii.
Tieto fakty boli v rozpore s klasickou fyzikou a vysvetlil ich az Albert Einstein
na zaklade svojej hypotézy, Ze svetlo musime pokladat za prud kvant
energie. tesssssssssssensassEREDS

Od 20-tych rokov sa angaZoval ako ¢len NSDAP SO@WM
a stal sq poprednym nacistickym vedcom. Préinio Nabel
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Te pung Fhilipp Lenard
(1862-1947)
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Gymnazium Alberta Einsteina je blizko
Lenardovej ulice v Petrzalke

WILHELM CONRAD RONTGEN

# Elektrotechnik - na Studium katédovych lu€ov pouzival vakuovu
trubicu - Hittorf-Crookes tube.

# 8. novembra 1895, na Univerzite vo Wirzburgu, si Wilhelm Réntgen
vSimol zablesky fluorescenénej tabulky.

# Rontgen okamzite usudil, Ze fluorescencia bola spésobena
neviditelnym ziarenim z Crookesovej trubice, ktoré preniklo cez
nepriehladny Cierny papier, do ktorej bola trubica zahalena.

# Rontgen objavil luce X (X-rays).

Povestny prvy
snimok vyhotoveny
Rontgenom

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




WILHELM CONRAD RONTGEN a prvé
pristroje pre fluoroskopiu (Edison)

] 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, Réntgen received the first Nobel Prize in physics in 1901.

#  When later asked what his thoughts were at the 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 Wiirzburg. He even was accused of having stolen
the discovery of X rays by those who failed to observe them. Nevertheless, Réntgen was
a brilliant experimentalist who never sought honors or financial profit for his research. He
rejected a title (i.e., von Réntgen) 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 Wiirzburg. 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,
Roéntgen was nearly bankrupt from the inflation that followed WW 1.
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ANTOINE HENRI BECQUEREL

# Henri Becquerel sa narodil v rodine vedca.

# Uz jeho stary otec robil elektrochemické pokusy a jeho
otec skiimal javy fluorescencie and fosforescencie.

# Becquerel objavil v roku 1896 radioaktivitu, spontannu
emissiu Ziarenia latkou.

# Najprv bol presvedceny, Ze fluorescencny materiél
uchovéva sineénu energiu a potom ju vyZaruje.

# Po Rdntgenovom objave sa snaZil dokazat, Ze soli uranu

su zdrojom X-lucov.
3, x 3 ml 1 G i P dalf Vel AR ol
#  Ked raz bolo v Parizi zamradené, prerusil svoje pokusy a = e Gspim a0
schoval material do Suplika. Ked' ho v8ak po Case vyvolal, =& === _
tak ziskal ostry a jasny obrézok aj bez sinka.
# Becquerel urobil spravny zaver, Ze materiél vyZaruje
spontanne bez vonkajsieho zdroja energie.
# Vroku 1903 dostal Nobelovu cenu za fyziku spolu s
manzelmi Curie.

ANTOINE HENRI BECQUEREL

And so, upon learning how Wilhelm Rontgen discovered X rays by observing the fluorescence they
produced, Becquerel had a ready source of fluorescent materials with which to pursue his own
investigations of these mysterious rays.

The material Becquerel chose to work with was a double sulfate of uranium and potassium which he
exposed to 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 energy was being absorbed by the uranium which then emitted X rays.

Further investigation, on the 26th and 27 of February, was delayed because the skies over Paris were
overcast and the uranium-covered plates Becquerel intended to expose to the sun were returned to a
drawer. On the first of March, he developed the photographic plates expecting only faint images to
appear. To his surprise, the images were clear and strong.

This meant that the uranium emitted radiation without an external source of energy such as the
sun. Becquerel had discovered radioactivity, the spontaneous emission of radiation by a
material. Later, Becquerel demonstrated that the radiation emitted by uranium shared 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, Becquerel was awarded the 1903
Nobel Prize for physics.
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PIERRE & MARIE CURIE

# Skoér ako Pierre Curie stretol Mariu Sklodowsku
mal uz velku reputaciu v oblasti elektriny a
magnetizmu. V roku 1880 spolu s bratom
Jacquesom objavili piezoelektricky jav — ked tlak
na krystal spésobi vznik elektrického potencialu.

# Vyznamny vyskum urobil v oblasti magnetizmu, ked B¥Z=
identifikoval teplotu nad ktorou material straca '
magnetické vlastnosti — tzv. curieho teplotu.

# Napriek tomu Pierre kratko po svatbe s Mariou
podriadil svoj vyskum zaujmom svojej manzelky.
Spolu zacali vyskum nového javu — radioaktivity na
uranovej rude.

# Aj ked objav radioaktivity patri Henri Becquerelovi,
termin radioaktivita prvykrat pouzila Méaria.

PIERRE & MARIE CURIE

Po chemickej extrakcii uranu z rudy Maria zaznamenala, zvySok 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 dostato¢né mnozstvo kazdého prvku na uréenie chemickych
vlastnosti.

Za pracu v oblasti radioaktivity manzelia Curie ziskali Nobelovu cenu za
fyziku roku 1903. O tri roky neskor Pierre tragicky zahynul pod kolesami
koca a jeho ucitelské miesto na Sorbonne dostala Maria ako prva Zzena v
650 rocnej historii univerzity. Na jeho pocest' v roku 1910 Réadiologicky
kongres navrhol pomenovat zakladnu jednotku radioaktivity — curie ako
mnozstvo jadier radénu v rovnovahe s jednym gramom radia ( neskor
jednoducho 1Ci = 3.7 x 10'° dps).

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

Zvy3ok 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 jadrovei energie

#t Rutherford - objav protonu, zavedenie terminov alfa, beta,
gama Ziarenie (Paul Villard),

s Chadwick - 1932 objav neutronu

# Irene a Frederic Joliot Curie - 1934 Stiepenie neutronmi,
umela radioaktivita

s Hahn, Strassmann, (Meitner, Frisch) — Stiepenie uranu

#t Bohr, Bethe, Fermi, Oppenheimer, Szilard, Teller,
Chariton,Kurcatov, Sacharov . ..

Historia radiaénej ochrany

1895 (8. november - objav luéov X W.K. Roentgen

1896 |3. januar - zverejnenie objavu X - lGéov

februar - Objav radioaktivity H. Becquerel
. . . . e ey 1K T.A. Edison,

3. marec - Prva sprava o moznom poskodeni o¢i X laémi W.J. Morton

10. april - zaznamenany pripad epilacie po oziareni X liémi |J. Daniel

18. april - zaznamenané s€ervenanie pokozky po oziareni L. G. Stevens

Sprava o poskodeni zdravia (popaleniny pokozky) H.D. Hawks
18. november - Séervenanie pokozky vyvolané oziarenim E. Thomson
Pozlateny elektroskop bol pouzity na meranie ziarenia L. Benoist
pouzitie X-lucéov v lekarskej diagnostike, stomatoldgii a Frost, Kells,
terapii (prsnika) Rollins ...
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Prvé zasady ochrany

# r. 1896 — rok po objaveni X-lG¢ov americky inZinier
Wolfram Fuchs sformuloval prvé rady na ochranu:
m Cas oziarenia skratit na minimum,
m dodrzovat odstup od rentgenky aspon 30 cm a
m natriet si pokozku vazelinou.
# \/ podstate sformuloval tri hlavné zasady ochrany pred
vonkajSim oziarenim: €as, vzdialenost’ a tienenie.

Historia radiaénej ochrany

1898
Jul - Prvykrat pouzity termin radioaktivita P. & M. Curie
December - Objavené Radium P. & M. Curie
Objavenie gama zZiarenia P. Villard
1899 |April - Navrh na licencovanie radiografickych €innosti |J. Dennis

1901 3. januar - vysloveny predpoklad o smrtelnosti
vysokych davok ziarenia

Erytém koze v désledku terapie radiom H. Becquerel
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Historia radiaénej ochrany

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

Oktéber - Smrt priekopnika RTG. techniky v désledku vysokého

[y kumulativneho oziarenia

C.M. Dally

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

1906 | Zvrejneny zakon radiosenzivity organov ‘IJR TBr?ngngu&
1907 | Preukazané mutacie na ropuchach v désledku oziarenia X Iuémi C.R. Bardeen
Fotograficka platria nosena vo vrecku pouzitd na meranie oziarenia R.V. Wagner
Pouzitie plynom pinenych trubic na detekciu ziarenia E. Rutherford
1912 | Zavedeny medzinarodny radiovy Standard a jednotka Curie M. Curie

Vylep$ena RTG trubica Zhavena katéda a wolframovy teré¢ik dovoluju

1913 | S uysit pouszité napstie

Britska Rentgenologicka spolo¢nost’ zverejnila prvé odporacania pre
radiacnu ochranu

Zakon radiosenzivity: Na Ziarenie X su senzitivnejsie bunky,
ktoré vykazuju vyssiu reprodukénu aktivitu.

W.D. Coolidge

] Obete prvych vyskumov

~ Clarence Dally (1865-1904)

— asistent u Edisona, zaoberal sa pristrojom na
} X-ray snimkovanie, dostal vel’ké davky na tvar
a ruky, lebo pridrziaval snimkované predmety
pred RTG lampou. Postupne sa objavili
pluzgiere, nekroézy, epilicia, nasledovali
amputacie a smrt’. ,, The strangest part of all,*
lamented Edison, ,,Is that all this is the result of
work with the X-ray five or six years ago and
now comes this result*

Mihran Kassabian (1870-1910)

uzkostlivo zaznamenal a vyfotografoval svoje
ruky postihnuté rozsiahlou nekrézou a sériou
amputacii v nadeji Ze po svojej smrti pomoze
svojim nasledovnikom uchranit’ si zdravie.
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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.

X-ray euphoria

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

)
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1977 Mauritania (northwestern [h
Africa) stamp portrays the bones <z;§__(
of a hand and wrist as they would m=s
be viewed using the X-ray. This tﬁ%
stamp was one of many which <z(8

commemorated 1977 as World
Rheumatism year.
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Eufdria z novych

objavov

T
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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

Radiani
Health

AGUA RADIUM

Rejuvenates !

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

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

16.5.2014
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Eufdéria z novych objavov

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

LK
WAITE.

':‘r. Dieffenbach, of F
® Hospital, Says Philadelphic
Seientist  Has  Undoubledly off old age, curing all

i : iding limitless energy -
" Performed a Phenomeno SR I

the reach of radiation.

" HIOPIANS OUTW ARDLY
' 0 CAUCASIAN
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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 Curies loaned small
amounts to various Paris
physicians, including
Louis Wickham and Paul
Desgrais who 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.

< surface

Ochranné prostriedky

Historické navrhy ochrannych
prostriedkov:

— olovené skla,

— tazké odevy,

— kovové helmy a

— kovové chranice

neulahcovali uz aj tak zlozita pracu
radiologov.

16.5.2014
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Aféra Radium Girls

.....

luminiscencna ¢i fluorescencna. Niektoré byvaju
natrené relativne neskodnym fosforom, sirnikom
zinku, ¢i oxidmi hlinika s roznymi primesmi.

.....

mindt po osvetleni.

# Cast’ vyrobcov vyuZiva ¢i vyuzivala trochu
drastickejsie metody - hodinové rucicky natrené
radioaktivnymi farbami s primesou radia ci tricia
(pouzival ich aj ¢esky vyrobca Prim).

Radium girls

# Spolocnost’ U. S. Radium v americkom state New Jersey sa
v rokoch 1917-1926 zaoberala ziskavanim a Cistenim radia
z karnotitu, co 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 spolo¢nosti U. S. Radium zamestnat’ asi
70 pracovnicok, ktoré nanasali radioaktivne farby na
hodinové ciferniky.

16.5.2014
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Radium Girls pri praci

UzZ vtedy sa vedelo, Ze zvySena radioaktivita je pre [udsky
organizmus nebezpecna, a preto byli vyskumni a technicki
pracovnici chraneni. Ziadna ochrana sa ale nevztahovala
na robotnicky, ktoré nanasali hotovu farbu na ciferniky.

Radium Girls

Robotnicky boli naviac uistené, ze radium je Uplne
bezpecné. Evidentne tomu verili, lebo mnohé z nich si
radioaktivnou farbou malovali aj nechty, zuby alebo si
ich dokonca nanasali na telo. Na maskarnych plesoch
potom doslova Ziarili.

Dal$im zvykom, ktory sa im vypomstil, bolo olizovanie
spiciek Stetcov, ktorymi malovali ciferniky. Olizovanim
zaostrovali rozstrapkané spicky stetcov pre presnejsie
malovanie.

Malé mnozstvo farby pritom casto prehltli, o je to

najhorsie, Co sa moze s radioaktivnym materialom stat'.

16.5.2014
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Radium Girls ochoreli

Potom, ¢o vacsina robotnic ochorela, vzniklo
podozrenie, ze za ich problémami je prave dlhodoby
kontakt s radioaktivnou farbou. Medzi hlavné
problémy patrila nekréza celusti, vypadavanie
zubov, zlomeniny, problémy s krvotvorbou a cely
rad d’alsich 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-Sklodowska

Spolocnost’ v reakcii na zdravotné problémy
nechala pracovnicky vysetrit’ a zistila, Ze ich
teld 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 lékar, takze nemozem
s istotou posudit, ¢i dievcata z New Jersey
zomru. Ale na zaklade novinovych sprav

o metodach ich prace si myslim, ze metddy
zachadzania s radiom je potrebné zmenit’. “

16.5.2014
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Tickling The Dragon’s Tail
- critical assembly experiment
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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 scientists in 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.

Historia radiaénej ochrany

1921 | British X-Ray and Radium Protection Committee vydava
memorandum, prva norma pre ochranu pred X luémi

1922 | American Roentgen Ray Society si osvojila principy
ochrany pre X [uémi

Pouzity fotograficky film na osobné monitorovanie G. Pfahler
(VXN Navrhnutéd "tolerance dose" (dovolena davka A. Mutscheller
Zalozenie International Commission on Radiological Units (ICRU).
1927 | Genetické efekty oZiarenia x-luémi preukazané H.J. Muller
Prva komeréna ionizaéna komora vyrobena v USA J. Victoreen

VXl Jednotka Rentgen formalne prijata
Zalozenie International X-Ray and Radium Protection Committee (ICRP)

1929 | Prvy prenosny monitor Ziarenia L.S. Taylor
1931 | USACXRP zverejiiuje prve odporuc¢anie - 0,2 R/day
1932 | Zverejnena koncepcia vy8s8ej pripustnej davky pri G. Failla

arciadlnom oziareni tela (ruka...

1934 | ICXRP odporuc¢a maximalnu dovolenu davku 0,2 R/day

1935 | Sformulovany princip Bragga-Graya o ionizacii prostredia L.H. Gray

1936 | USACXRP odporuc¢a znizit maximalnu dovolenu 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

16.5.2014
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Histoéria 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 ozZiarenia na 0,2 R/def (to zodpoveda limitu na
urovni okolo 500 mSv/rok)

# Predpokladalo sa, Ze hodnoty expozicie pod prahovou
hodnotou nespdsobuju nebezpecie

# Limit v praxi znamenal, Ze pracovnik musel dodrzZiavat
urcitu vzdialenost od Ziari€a a su¢asne dobu prace, aby
nedoslo k jeho prekro€eniu

# Vzdialenost’a ¢as boli a su najjednoduch8imi spésobmi
ochrany pred oziarenim z externych zdrojov Ziarenia

HiroSima a Nagasaki

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

m Explozia Gplne znicila viac ako 10 km?2 centralnej ¢asti mesta.
= 90 000 Fudi bolo usmrtenych okamzite, 40 000 zranenych, vel'a z

ivwvrs

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

16.5.2014
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Nasledky atdmového bombardovania

Prvé dva-Styri mesiace zomrelo na akutne nasledky bombardovania 90
000-166 000 fudi 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 spésobené popaleninami, oZiarenim, a iné
poranenia spolu s inymi ochoreniami.

Celkovo okamzite alebo v kratkom ¢ase 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.
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Histoéria radiacnej ochrany

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

» Siroké pouzivanie radioaktivnych latok (najma v sutvislosti s
vyvojom jadrovej zbrane) pocas vojny vzbudilo urcité
znepokojenie, ktore viedlo ku vzniku novych doporuceni v
suvislosti s ochranou pred Ziarenim.

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

# Zdalo sa rozumnym predpokladat, Ze akékolvek, i malé
mnozstvo Ziarenia, moze spOsobit poSkodenie, najma vSak
reprodukénych organov.

Historia radiaénej ochrany

# r. 1949 - Na konci 40-tych rokov vznikla potreba
rozpracovat pravidla radiacnej ochrany aj pre
obyvatelstvo.

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

# r. 1949 ICRP vyslovila nasledovné poZziadavky:

# ZniZit najvy$Siu dovolenu 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 pripustnu davku vo
vySke 300 mrem/tyzden (3 mSv/tyzden).

# Doporudit tieto hodnoty koeficientov RBU:

= Pre rontgenovskeé, y a p li¢e RBU=1,
= pre tepelné neutrony RBU=5,
= pre rychle neutrény a &astice o RBU=10.

Miss Atomic Bomb of 1957

37 kt ,,Priscilla® na NTS cca 100km od Las Vegas,
0 Pri testovani rozmiestnili v okoli 719 prasiat.
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TESTING THE TROOPS

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

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

"We were nothing more than guinea pigs"

V Rusku napr. gen. Zukov pozadoval precvicit' ¢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 kompenzacii.
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ALAPA

954 - 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 uUroven oziarenia nad prirodnym pozadim
a preto pri ¢innostiach treba zvolit’ prakticku Uroven,
ktora z pohladu sucasnych vedomosti predstavuje
zanedbatalné riziko.

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

Historia radiaénej ochrany

# r. 1958 - Nazhromazdené experimentalne udaje o
nizkoaktivnom zZiareni k tomuto roku viedli ICRP k
d’'alSiemu znizovaniu davok a to na 100 mrem/tyzden (1
mSv/tyzden), avSak kvéli va¢sej pruznosti pri pouzivani
tychto pravidiel bolo dovolené absolvovat do 3 rem (30
mSv) pocas fubovolného Stvrtroka v danom roku za
podmienky, Ze celkova ro¢na davka nepresiahne hodnotu 5
rem (50 mSv).

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

# Z odporucani 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.
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] Linearna bezprahova koncepcia

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

# \/ radiaCnej ochrane sa odporucal vyuzivat princip
optimalizacie. Optimalna ochrana mala byt désledkom
analyzy nakladov a prinosov (cost benefit).

] Historia radiaénej ochrany

# r. 1977 - ICRP vydala doporucenie €. 26, ktoré
zasadne ovplyvnili radiaénu ochranu.

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

# K systému limitovania davok bola pripojena
poziadavka optimalizacie a odévodnitelnosti v
radiacnej ochrane.
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Histoéria radiacnej ochrany

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

Zavadza sa nové ponimanie zdravotného
poskodenia ako miery radiacného poskodenia
zahrnujucu rakovinu veducu k umrtiu (fatalna
rakovina), dedi¢né poskodenie, ale aj rakovinu
neveducu k umrtiu (nefatalna rakovina).

Historia radiaénej ochrany

Doporucenie ICRP &. 60 tvori zaklad mnohych medzinarodnych a narodnych
noriem a predpisov radiaénej ochrany.

Na Slovensku je to Vyhlaska MZ SR €. 12/2001 nahradena neskor Nariadenim
vlady 345/2006 o zakladnych bezpecénostnych poZiadavkach na ochranu zdravia
pracovnikov a obyvatefov pred ionizujucim Ziarenim.

Radia&na ochrana je su€astou verejného zdravotnictva, ktoré reguluje Zakon NR
SR 355/2007 o ochrane, podpore a rozvoji verejného zdravia.

V Medzinarodnom meritku sa pre oblast jadrovej energie odporu¢a norma IAEA
Safety Standarts No. 115 z roku 1996.

Zakon 355/2007 Z.z. do slovenskej legislativy prebera PRAVNE AKTY
EUROPSKYCH SPOLOCENSTIEV A EUROPSKEJ UNIE, z ktorych sa radiaénej
ochrany pracovnikov tyka Smernica Rady 96/29/Euratom z 13. maja 1996, ktora
stanovuje zakladné bezpeénostné normy ochrany zdravia pracovnikov a
obyvatel'stva pred nebezpecenstvami vznikajucimi v désledku ionizujuceho
Ziarenia
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Doporucenie ICRP 103 z roku 2007

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

ICRP 103 aplikuje, rozvija a konsoliduje nové poznatky a trendy
z oblasti biofyziky. Upresiuje hodnoty radiaénych a tkanivovych
vahovych faktorov na uréovanie ekvivalentnej a efektivnej davky.

Zachovava hlavné principy radia¢nej ochrany: odévodnitefnost,
optimalizacia a limitovanie oZiarenia. Principy odévodnitelnosti

a optimalizacie sa rozpracovavaju pre vsetky planované i havarijné
situacie pri ¢innostiach veducich k oziareniu.

Na zabezpecenie principu limitovania pre vSetky relevantné zdroje
oziarenia, sa zavadzaju medzné davky a referencné Grovne pre
planované a havarijné situacie (dose and risk constraints, reference
levels for emergency and existing exposure situations).

Limity oZiarenia zostavajli nezmenené.

Moderny pristup k radiaénej ochrane

# Pri uplatiiovani principov radiacnej ochrany sa
zasadny dbraz kladie na optimalizaciu radiacnej
ochrany a v tomto zmysle sa potla¢a uloha
limitovania davok.

# Ak zdévodnenie Cinnosti a optimalizacia ochrany
boli a su uskuto¢nované efektivne, len vo
vynimoénych pripadoch by malo doéjst’ k
aplikacii limitov individualnych davok.
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Radiacna udalost’ 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
neskoér najdené opustené, Ziari¢ vybraty z
kontajnera a hodeny do pofa. Ziarié¢ bol
dialkovym policajnym robotom naloZzeny
do kontajnera a odvezeny (10.12.2013).
PDE 34 Sv/h vo vzdialenosti 1 m.
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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 in line. 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 first to 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.

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 more 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 discovery as the historical beginning of nuclear

physics.
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ARTHUR HOLLY COMPTON

Enrico Fermi believed that good looks and height were inversely proportional to intelligence, but
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. At the 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

ENRICO FERMI

Enrico Fermi's first significant accomplishment in nuclear physics was providing a matticiia
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 Iréne 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!
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OTTO HAHN

Otto Hahn was the chemist whose discovery of nuclear fission ultimately led
to the ending of WW II. The story of Hahn's discovery began in 1938 with a
report by Iréne Joliot-Curie that bombarding uranium with neutrons had
resulted in the production of a radionuclide of thorium, which they later
speculated was a transuranium element similar to lanthanum. The astounded
Hahn told Iréne's husband, Frédéric, that such a thing was nonsense and that
he would perform an experiment to prove as much. In the process of
duplicating her work, Hahn and co-worker Fritz Strassmann discovered that,
among other things, three isotopes of barium had been produced. This was
incredible because the mass of barium is about half that of uranium. No
known reaction could explain such a huge change. When they published their
results (Jan. 6, 1939) Hahn and Strassmann noted that such a thing was "in
opposition to all the phenomena observed up to the present in nuclear
physics." Hahn, conscious of the fact that as a chemist he was treading in the
domain of physics, did not offer an explanation. Instead, he left it up to Lise
Meitner, his longtime collaborator, to whom he had sent a letter (December
19, 1938) describing his findings and asking "Perhaps you can suggest some
fantastic explanation," which she explained as nuclear fission. Nevertheless,
despite the contributions of Strassmann and Meitner, it was Hahn who was
awarded the 1944 Nobel Prize in chemistry for the discovery. Unfortunately,
Hahn was not at the awards ceremony to receive his prize. At the time he
learned of the award, he was being held by the British who were seeking
information from him about the failed German effort to develop an atomic
bomb. As the Chairman of the Nobel Committee for Chemistry reported
"Professor Hahn . . . has informed us that he is regrettably unable to attend
this ceremony."

JEAN FREDERIC JOLIOT & IRENE CURIE

In 1925, Frédéric Joliot accepted the position of special assistant to Marie
Curie. The next year, he married Marie's daughter, Iréne, forming one of the
most remarkable scientific partnerships of all time: Frédéric served the role of
chemist, Irene that of physicist. Unfortunately, the early stage of their careers
was defined by failure rather than success. Not only did they fail to discover the
neutron, misidentifying it as a gamma ray, they also just missed discovering the
positron. Later on, however, it was their observations of these very particles
that led to their discovery of artificial radioactivity, which is considered to be
their greatest triumph. Iréne and Frédéric had noted that the bombardment of
aluminum with alpha particles resulted in the emission of neutrons and
positrons. As expected, the neutrons were emitted only as long as the
aluminum was being bombarded by alpha particles. What astonished Frédéric
and Iréne was the continued emission of positrons long after the alpha source
had been removed from the target. Inmediately, Frédéric and Iréne performed
careful analyses which showed that the alpha bombardment had produced a
positron-emitting radionuclide of phosphorous from the aluminum. Not only had
they produced the first artificial radionuclide, they were the first to
experimentally confirm transmutation, the conversion of one element into
another 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 a wide new variety of radioisotopes. The
impact was immense, and for this discovery the Joliot-Curies won the 1935
Nobel Prize for chemistry. Later, during WW I, they helped hamper German
efforts to develop an atomic bomb by ensuring that the entire stock of heavy
water from the Norsk Hydro Plant was secured and shipped to Britain before
France and Norway came under German control. After the war, they made
major contributions to the construction of France's first nuclear reactor.
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LISE MEITNER

Lise Meitner, forever linked in people's minds with the monumental discovery of
nuclear fission, made many significant contributions to science throughout a long
and productive career. Upon receiving a doctorate in physics in 1906, Meitner
went to the University of Berlin where she began her collaborations with Otto
Hahn. The first significant result of this collaboration was an important technique
for purifying radioactive material that took advantage of the recoil energy of atoms
produced in alpha decay. Later, at the Kaiser Wilhelm Institute in Austria, she was
the first to explain how conversion electrons were produced when gamma ray
energy was used to eject orbital electrons. She also provided the first description
of the origin of auger electrons, i.e., outer-shell orbital electrons ejected from the
atom when they absorbed the energy released by other electrons falling to lower
energies. When Nazi Germany annexed Austria in 1938, Meitner, a Jew, fled to
Sweden. In her absence, Hahn and Fritz Strassmann continued experiments they
had begun earlier with Meitner and demonstrated that barium was produced when
a uranium nucleus was struck by neutrons. This was absolutely startling because
barium is so much smaller than uranium! Hahn wrote 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 for the Christmas holidays in Denmark, she
and Frisch proved that a splitting of the uranium atom was energetically feasible.
They employed Niels Bohr's model of the nucleus to envision the neutron inducing
oscillations in the uranium nucleus. Occasionally the oscillating nucleus would
stretch out into the shape of a dumbbell. Sometimes, the repulsive forces between
the protons in the two bulbous ends would cause the narrow waist joining them to
pinch off and leave two nuclei where before there had been one. Meitner and
Frisch described the process in a landmark letter to the journal Nature with a term
borrowed from biology: fission.

ERNEST RUTHERFORD

Ernest Rutherford is considered the father of nuclear physics. Indeed, it could be
said that Rutherford invented the very language to describe the theoretical concepts
of the atom and the phenomenon of radioactivity. Particles named and characterized
by him include the alpha particle, beta particle and proton. Even the neutron,
discovered by James Chadwick, owes its name to Rutherford. The exponential
equation used to calculate the decay of radioactive substances was first employed
for that purpose by Rutherford and he was the first to elucidate the related concepts
of the half-life and decay constant. With Frederick Soddy at McGill University,
Rutherford showed that elements such as uranium and thorium became different
elements (i.e. transmuted) through the process of radioactive decay. At the time,
such an incredible idea was not to be mentioned in polite company: it belonged to
the realm of alchemy, not science. For this work, Rutherford won the 1908 Nobel
Prize in chemistry. In 1909, now at the University of Manchester, Rutherford was
bombarding a thin gold foil with alpha particles when he noticed that although almost
all of them went through the gold, one in eight thousand would "bounce" (i.e. scatter)
back. The amazed Rutherford commented that it was "as if you fired a 15-inch naval
shell at a piece of tissue paper and the shell came right back and hit you." From this
simple observation, Rutherford concluded that the atom's mass must be
concentrated in a small positively-charged nucleus while the electrons inhabit the
farthest reaches of the atom. Although this planetary model of the atom has been
greatly refined over the years, it remains as valid today as when it was originally
formulated by Rutherford. In 1919, Rutherford returned to Cambridge to become
director of the Cavendish Laboratory where he had previously done his graduate
work under J.J. Thomson. It was here that he made his final major 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" is what he called it; the newspapers reported that
Rutherford had "split the atom." After his death in 1937, Rutherford's remains were
buried in Westminster Abbey near those of Sir Isaac Newton.
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] WILLIAM DAVID COOLIDGE

In 1913, William David Coolidge revolutionized the field of radiology by inventing what is
now referred to as the Coolidge X-ray tube. No new scientific principles or discoveries
were involved, and to Coolidge's employer, the General Electric Company, the invention
simply represented a new product. Nevertheless, this new product became a watershed in
the field of medicine. The story of its development began in 1905 when Coolidge joined the
General Electric Research Laboratory and was given the task of replacing the fragile
carbon filaments in electric light bulbs with tungsten filaments. The available tungsten was
difficult to work metallurgically, but Coolidge succeeded and his improved light bulb was
brought to market in 1911. General Electric also manufactured X-ray tubes and Coolidge
recognized that his tungsten filament together with additional modifications could
significantly improve the performance of the tube. Coolidge's improved X-ray tube
employed a heated tungsten filament as its source of electrons (i.e., the cathode). Since
residual gas molecules in the tube were no longer necessary as the electron source, the
Coolidge (or hot cathode) tube could be completely evacuated which permitted higher
operating voltages. These higher voltages produced higher energy X rays which were
more effective in the treatment of deep-seated tumors. In addition, the intensity of the X
rays didn't show the tremendous fluctuations characteristic of earlier tubes and the
operator had much greater control over the quality (i.e., energy) of the X rays. Coolidge
later became Director of the laboratory and eventually Vice-President and Director of
Research for General Electric. At the beginning of WW II, he was appointed to a small
committee established to evaluate the military importance of research on uranium. This
committee's report led to the establishment of the Manhattan District for nuclear weapons
development. In 1975, with 83 patents to his credit, William David Coolidge was elected to
the National Inventor's Hall of Fame, the only person to receive this honor in his lifetime.

LAURISON S. TAYLOR

# By the time Lauriston Taylor was 26 years of age, he was Chief of the X-ray group at the National

the driving forces behind the creation of the International Commission on Radiological Protection

organization, the International Commission on Radiation Units and Measurements (ICRU). In 1953
Taylor became Chairman of the ICRU, a position which he held until 1969. A year after the Second

Radiation Protection and Measurements (NCRP), the counterpart in the U.S. to the ICRP and the
scientific body from which this nation's regulatory agencies seek guidance regarding radiological

and the first such chamber to employ guard wires. The use of guard wires was a tremendous

States which, for a time, was the only operating free-air ion chamber anywhere. When technical
contributions such as these are considered together with his many other achievements, it becomes

Lauriston Taylor.

Bureau of Standards and had served as one of three representatives of the United States at the Second
International Congress of Radiology in 1928. At the Congress, Taylor and G. Kaye of Great Britain were

(ICRP), the world's most influential organization in the field of radiation protection. From 1937 to 1950,
Taylor served as Secretary of the ICRP and, from 1934 to 1950, Secretary of almost as influential an

Congress of Radiology, Taylor established and became the first president of the National Council on

protection. At the National Bureau of Standards, Taylor's activities focussed on the measurement of X
rays. In fact, he is credited with building the world's first portable radiation survey meter (ca. 1929). He
also built the Bureau's first free-air ion chamber, the primary device for measuring the intensity of X rays

improvement because it created a more uniform electric field and greatly reduced the size and weight of
these chambers. In the mid 1930's, Taylor constructed the first pressurized ion chamber in the United

apparent that no one has played a greater role in shaping the profession of radiation protection than
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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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